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SUMMARY:

The use of composite housing for HV electric apparatus is expanding thanks to their
important advantages in terms of safety and electrical and mechanical performances.

This paper wishes to contribute to the CIGRE meeting in Tunisia (working group WG
A3.21) by analyzing the short and long term pollution performances of silicone insulators in
general and related to long term field experience of cable terminations.

The different Design and Type Testing methods are illustrated (according to IEC
Standards and Utility special requirements) on large variety of profile and pollution severity
and compared to porcelain performances.

The Test results are then compared to Test Station experience over ten years by EDF in
Martigues.

1/14



MacLean Power France
Prysmian Cables

2010 TUNISIA

CONTENT

I INTRODUCTION: COMPOSITE HOUSING ADVANTAGES: ....... oo 3

.  MACLEAN POWER SYSTEMS EXPERIENCE WITH SILICONE HOUSING FOR CABLE
TERMINATION L.ttt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s s et s e s s b i renneeeeeees 3.
[ll. SILICONE INSULATORS PERFORMANCE BY TESTING ......c. coiiiiiiiiniiiieeeeeeeneer e 4..

Ill. 1. SHORT TERM POLLUTION PERFORMANCE OF THE HOUSING: SA LT FOG TEST 40/ 56 /80 KG/M3
(TESTS AND ISH PAPER) ....oiiiiiiiiiiiii ittt sttt st a e e e e e n e smeesne e sneeme e e e s ennis 4

Ill. 2. SOLID LAYER POLLUTION TEST COMPARISON BETWEEN PORCE LAIN AND SILICONE (IEEE 1995
SPT IS 12-3) 1ttt E e 5

Ill. 3. HEAVY RAIN AND SALT FOG POLLUTION TEST (ACCORDING N ATIONAL GRID SPECIFICATIONS
NGTS2.2 - 1999) ...ttt ercmr e ettt r et e et e e he e e et e et e e e e et e et e et e eR e e e R e e st et e R e R e na e e n e e n e e n e e s 6

IIl. 4. TRACKING AND EROSION TESTS: IEC 61462 / IEC 62217 ......ooiiiiiiiiiieiiiii et 6

Ill. 5. ACCELERATED AGING TEST PERFORMANCE OF THE HOUSING ( 5000 HOURS TEST - IEC 62217
ANNEX B) ..ottt e R et R R e et e e e e e 7

IV. MPF /PRYSMIAN FIELD EXPERIENCE BASED ON EDF MARTIGU ES TESTING
STATION L.t ettt e et e e e e e e e e e e et e e e e e e et ettt et e e e e e e e e e e e s ee s e e e nees 8

IV. 1. SITE DESCRIPTION AND POLLUTION SEVERITY ... oo 8
IV. 2. CABLE TERMINATION DESCRIPTION AND INSULATOR PARAMETERS .......cccccoiiiiniiiiii e, 9
IV. 3. PRYSMIAN EXPERIENCE AND MACLEAN POWER FRANCE SERVICE EXPERIENCE SINCE 1990.... 12

V. CONCLUSION: CORRELATION BETWEEN TESTS, TESTING STAT ION AND FIELD
EXPERIENCE: ... ettt e et e e et e e e n e e e e e e e s e e e 12

2114



MacLean Power France
Prysmian Cables

2010 TUNISIA

l. INTRODUCTION : COMPOSITE HOUSING ADVANTAGES

Historically, the hollow core insulators for apparatus have been made exclusively in porcelain
material.

The porcelain insulators present some disadvantages linked to the material:

- High risk of explosion under the effect of electric arcs due to internal short-circuits, that causes
projection of pieces of porcelain.
Poor pollution performances requiring washing and /or silicone coating with very high cost
impact over the life of equipment.
Over-dimensioning in seismic regions.
Manufacturing limitation in dimensions and Shapes and a relatively long manufacturing
process.

The composite insulators consist basically of three parts: Aluminium end fittings for connection
and sealing to other structures, an insulating tube serving as mechanical bearer and a silicone
housing material serving as protection against the outdoor environment. The HTV( High Temperature
Vulcanized ) silicone has been chosen because of better tracking resistance properties and
hydrophobic behaviours compared to other polymeric housing.

The composite Insulators have already partly replaced glass and porcelain insulators for overhead
lines, and silicone housing for HV apparatus application is now going to replace porcelain in practically
all applications.

The silicone housing and composite material assure:
- Safety, there is no risk of explosion with projection of pieces of insulators.
Superior pollution performance without washing and maintenance.
very high mechanical and dielectric strength versus a reduced weight compared to porcelain
Lower environmental impact compared to porcelain
Lower total life cycle cost (about 50% of porcelain)
weight reduction on the HV apparatus increasing its performances

Il. MACL EAN POWER SYSTEMS EXPERIENCE WITH SILICONE HOUSING FOR
CABLE TERMINATION

In the '90 thanks to the positive experience of polymer housing for Surge arresters, EDF/ RTE
decided to specify 100% polymer housing for cable terminations. The main reason was the safety
concern (no explosion risk) and no maintenance cost compared to porcelain (periodical washing) or
the porcelain coated with silicone grease (short term good performance but high cost when they have
to do be re-coated).

Since 1996 MaclLean Power France qualified and supplied silicone insulators for Cable
terminations to PIRELLI Cables now PRYSMIAN Cables and to General Cables-SILEC for EDF/ENEL
from 145 up to 420KV applications.

MPF supplied also other North American and European Cable Manufacturers for Voltage level
from 100KV to 550KV /500KV D.C. with specific creepage from 20 to 45mm/KV.

In France RTE/EDF has considered the silicone cable terminations as a strategic product
according their targets:
A) Safety
B) Long term Cost (including maintenance and inspection)
C) Ecological concerns (pollution and waste disposal of Qils)
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EDF developed the Technical Specification C33-065 February 2001 for Cable terminations for
cables with nominal Voltage above 150KV and up to 550KV Specifying polymer housing for different
pollution levels from 1 to 1l according to the IEC 60815.

In Italy, due to safety concerns (no explosion risk under internal power arc) and maintenance cost
ENEL and TERNA have had the same approach.

Both EDF and TERNA Specifications on polymeric Cable terminations asks for an Internal Short
Circuit Test.

Furthermore, TERNA asks for Long Term Ageing Test according to the IEC 61109 annex C.

[l. SILICONE INSULATORS PERFORMANCE BY TESTING

Several Test methods and results are exposed in this section to measure the dielectric
performance of MacLean under dry, wet and polluted conditions according to IEC and Utilities Testing
specifications.

[1l.1. SHORT TERM POLLUTION PERFORMANCE OF THE HOUSING : SALT FoG TEST40/
56/80KG/M3 (TESTS AND ISH PAPER)

Results from the ISH 2009 “DIELECTRIC PERFORMANCE OF COMPOSITE HOUSING”

A) PERFORMANCE UNDER WET AND DRY CONDITIONS
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Figure 1: 50 Hz (AC) dry and wet performance Figure 2: Switching Impulse (SI) dry and wet
performance

These graphs are the result of a comparison between porcelain and composite insulator.

They give the ratio of the flashover voltage under wet and dry condition versus the insulator’s
external diameter.

Thanks to the hydrophobicity (surface properties) of silicone housing the flashover values on
composite insulators show a limited electrical decay when surface is wet.

Furthermore, it is clear that the insulator’s external diameter has much less influence on composite
insulators.
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B) PERFORMANCE UNDER POLUTION

These tests were performed under the so called “rapid procedure” at a salinity of 80 Kg/m3. The
voltage is applied and raised until flash over is recorded. This procedure is repeated until stability of
the flashover is observed. This procedure induces a total loss of hydrophobicity of the silicone and
extensive investigations have shown that this procedure produces a conditioning equivalent to several
years in service.
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Figure 3: Comparison between composite and  Figure 4: Results from tests performed internally
ceramic
(ISH 2009) (MacLean Power France)
Ratio of the specific creepage distance and the cap and pin insulators versus creepage factor

The results given in the figure above on the left confirm the better performance of composite
insulators even with an important loss of hydrophobicity. Furthermore the slopes of the average curves
indicate that composite have a lower dependence of the necessary specific creepage distance on
insulator diameter.

Finally, when they are compared to the results on the left figure, the results given in the figure
above on the right from pollution test performed on HTV silicone insulators by MacLean Power France
confirm the better performance of the composite insulators.

[1l. 2. SOLID LAYER POLLUTION TEST COMPARISON BETWEEN PORCELAIN AND
SILICONE (IEEE 1995SPTIS 12-3)

Comparative electrical tests have been performed on the same cable termination, equipped with
composite and porcelain insulator.

Solid layer pollution tests have been made for high degrees of pollution, in order to obtain
flashovers. The ESDD of the layer was 0.4 + 0.1 mg/cm2, which is an exceptionally heavy pollution.

On the porcelain termination, the pollution flashover voltage has been recorded with 50%
probability at Usy = 166 kV.

With the same dimensioning (height and creepage distance), on the composite insulator version,
the Voltage of 250 kV (limit of the equipment) was reached without any flashover.

This means that the performance of the composite version was at least 50% higher when
compared to the porcelain insulator, when tested according solid layer porcelain procedure test.

More representative data will be obtained once the “ad hoc” CIGRE solid layer testing procedure

for composite insulators will be finalized. The result should however confirm the advantage of
composite over porcelain.
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Ill. 3. HEAVY RAIN AND SALT FOG POLLUTION TEST (ACCORDING NATIONAL GRID
SPECIFICATIONS NGTS2.2-1999)

The qualification test was performed on a 400/500 kV Gas Filled Bushing equipped with a 5
meters height MacLean Power France composite insulator, conical shape, with alternative HTV
silicone sheds. The Nominal creepage distance was 17250 mm. The test procedure was as follows :

- Precondition 12 hours at 160 kg/m3 at 242kVSalt Fog ;

1 hour at 80kg/m3 at 242KV ;

Dry period 15 minutes ;

Heavy Wetting rain 2mm/min, 101 ps/mm ;
Sequence repeated 3 times.

The Test Passed successfully with no flashovers during Salt Fog or Heavy wetting Tests.

Ill. 4. TRACKING AND EROSION TESTS: IEC 61462/ IEC 62217

Regarding hollow core composite insulators, the IEC 61462 87.3.3 only requires the 1000 hours
pollution test. The Test method is described in the IEC 62217 standard §9.3.3.1. All silicone types
used on MacLean Power France Hollow Core Composite Insulators are of course qualified according
to this standard.

Figure 3: Example of 1000 hours salt fog qualification test setup

Since the HTV silicone used on Hollow Core Composite Insulators can also be molded on
overhead lines insulators, we also qualify our HTV silicone with the tracking wheel test. The method is
described in the IEC 62217 annex A.

Figure 4: Example of tracking wel test setup

6/14



MacLean Power France
Prysmian Cables

2010 TUNISIA

llI. 5. ACCELERATED AGING TEST PERFORMANCE OF THE HOUSING (5000HOURS TEST
—IEC 62217ANNEX B)

The detail method is described in the IEC 62217 Standard Annex B. The test combines several
Salt Fog, wet, dry and UV periods.

This test has to be performed on the complete apparatus equipped with Hollow Core Composite
Insulators.
Our Hollow Core Composite Insulators have been qualified on cable terminations with two

major High Voltage insulated Cable manufacturers (CIGRE 21-109 — 2002).

The test voltage level was 245 kV. The insulators were tapered design with a bottom
inside diameter of the tube at @410 mm, and a top diameter at @166 mm. One insulator had a
total length of 2300 mm, with a nominal leakage distance at about 7600 mm (31 mm/kV). The
shed profile was a single shed type. The other one had a total length of 2200 mm, with a
nominal leakage distance at 6250mm (25 mm/kV). The shed profile was a double-sheds type.
No flashover occurred. The tracking and erosion were not significant and in accordance with
the specification.

The same test has been more recently performed in 2008, on a 245 kV GIS bushing for
qualification of 420 kV GIS bushing for the EDF nuclear Powerplant Paluel. This test has been
performed in the EDF Renardiéres Laboratory.

The test voltage level was 245 kV. The insulators were tapered design with a bottom
inside diameter of the tube at @410 mm, and a top diameter at @166 mm. One insulator had a
total length of 2360 mm, with a nominal leakage distance at about 8000 mm (32 mm/kV). The
shed profile was a double-sheds type. No flashover occurred. The tracking and erosion were
not significant and in accordance with the specification.

s

L. b\
Figure 5 : Example of 5000hours test setup
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IV. MPF /PRYSMIAN FIELD EXPERIENCE BASED ON EDF M ARTIGUES
TESTING STATION

IV.1. SITE DESCRIPTION AND POLLUTION SEVERITY

The test station is located next to the city of Martigues in the south of France. This test stations
allows equipment testing without disturbances or power outages on the national network. It is in a
maritime and industrial environment and is a relevant place for long term tests of all electrical
equipment.

The industrial pollution affecting Martigues comes predominantly from huge petrochemical
complexes and, to a lesser impact, from a power station situated nearby the test station. The station is
subjected to strong winds that come either from the sea or from the West / North West. These winds
carry either salt fog from the sea, dirt from the land or hydrocarbons from the petrochemical
complexes located further away North West from the test station and from the power plant. Due to this
situation the pollution can be classified up to Class IV. The picture below shows a satellite view of the
test station as well as the EDF power plant.

Figure 6: Satellite View of EDF Martigues Test Station

Due to the large number of composite insulators tested in the station, Hydrophobicity
measurements are performed once a year. In this high-pollution environment and with more or less
constant electrical activity on their surface, silicone insulators become hydrophilic quite quickly (i.e.
hydrophobicity classification 7). Variations in hydrophobicity class can be seen on the same shed of a
silicone insulator depending on the direction of prevailing winds and their relation to the major sources
of pollution.

The test station is designed with four different test yards: 13.8kV, 58kV, 145kV and 245kV
(single voltage supply) in order to cover the different voltage levels found on the French electrical
network.

The test station pollution zone measurement is done by measuring the leakage current from a
glass line post insulator. These measurements are based on leakage current measured on an identical
19 glass insulator reference chain, calibrated in a salt fog chamber. The minimum and maximum level
of pollution is recorded every 5 minutes; this makes the Martigues test station unique as it can record
in real time its level of pollution.
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In addition this region offers a high level of sunlight with typically more than 3000 hours of
sunshine / year. These levels of pollution specify 25 mm/kV as specific creepage distance.

The monitoring showed that there was some activity (leakage current) on the insulators during
the early hours of the morning (from two to four o’clock), particularly during summer time, when
humidity present in the air condensed on the insulators.

IV. 2. CABLE TERMINATION DESCRIPTION AND INSULATOR PARAMETERS

The two insulators were first mounted in September 1998. They have been energized ever since
and have never been washed. We first noticed the change in color of the HTV silicone. Originally grey
the silicone changed to brown. This color is mostly due to the North West winds that carry dirt from
inland. It was also pointed out that this was not common to all the other insulators as some had their
silicone that turned to a black color probably due to hydrocarbon pollution. As we can see on the photo
below the pollution accumulation is more important under the big sheds as they protect this part from
been washed naturally by the rain. This was also reported at the first inspection carried out by PIRELLI
/PRYSMIAN visit in October 1999.

B A B —

Figure 7: Pollution accumulation under the big sheds in 1999 and 2007

The two insulators showed some signs of tracking but no erosion. The tracking occurred
during the first year of use as these marks were already visible during the inspection carried out after
the first year of service. Very limited new tracking marks were recorded later and the insulators never
flashed over.

=\

- —— A T
Figure 8.1: Marks of tracking in 1999 Figure 8.2: Marks of tracking in 2007

A hydrophobic test was then performed on the two insulators. Even thought the two insulators
had a thick layer of pollution, the test showed a good behavior of the silicone as most of the sheds
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were still hydrophobic. On the other hand a loss of hydrophobic behavior was noticed on the part of
the sheds oriented toward the wind and on the cylindrical part all-around the tube. This observable fact
was noticed at a same level on the two insulators.

Figure 9 - Loss of hydrophobic behavior on the part of the sheds oriented towards the wind

Finally the aluminum end fittings showed a very good overall behavior with only very thin
layers of aluminum oxide deposits due to corrosion on the surfaces.

The cable terminations equipped with MPF insulators have been energized for more than 10
years and % at Martigues EDF test station, with very little tracking and almost no erosion on the
silicon’s surface and no flash-over. This has been accomplished with a creepage distance of about

25mm/kV. PRYSMIAN & EDF were very satisfied by the overall behavior of the two cable terminations
with MPF insulators.

After dismounting of the insulators, additional investigation tests have been positively
performed on the insulators. First, we measured on the polluted sheds an ESDD = 0.36 mg/cm2 and a

NSDD = 1.05 mg/cm2, which corresponds to a very heavy pollution according the new IEC standard
60815 (graph below).
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Some analysis IRTF confirmed the presence of:

Environmental pollutants (calcium sulfate dihydrate, silica, clay) on the surface of the sheds.
The concentration is more important on the external surface of the sheds.

Some Nitric acid on the surface of the sheds located in some areas particularly protected from
natural water cleaning by the rain (below the small shed).
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Then some minor ozone attack of the material has been identified, linked to some electrical activity
on the insulator. These acid and ozone attacks are responsible of the slight minor material erosion
observed on the surface of only one shed.

Figure 10 — Slight erosion in only one shed
The hydrophobicity measurement showed different levels depending on the area.
After cleaning the sheds, no silicone discoloration has been observed.

Some mechanical properties have also been measured:

- Hardness Shore — No difference between the samples coming from North and south parts.
Although, the external part of the sheds showed 7% higher values than below the sheds. It
means that the UV aging was more important outside the sheds than inside;

Tensile tests- The values of tensile strength and elongation to failure measured were
homogeneous, and lower than original values. Although, no mechanical degradation of the
sheds has been observed on the dismounted insulators.

Figure 11 — Samples used for mechanical tests
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IV.3. PRYSMIAN EXPERIENCE AND MACLEAN POWER FRANCE SERVICE EXPERIENCE
SINCE 1990

MaclLean Power France developed late '80 in France the technology of HTV silicone Apparatus
silicone insulators ;the manufacturing and commercialization started early 90’s the first installations
have been in the West Coast of the USA for Dead Tank Circuit breakers, Measuring Transformers
and Station Posts applications. Since then more than 50,000 HV silicone apparatus Insulators have
been qualified and installed worldwide: Europe, Middle East countries such as the United Arab
Emirates, Africa, Asia, Oceania and North- Central and Latin America with extremely satisfactory
performances.

List by applications:

- Live Tank Circuit Breakers 145kV; 242kV; 362kV; 550kV and 800kV
Dead Tank Switchgear 72/145kV; 242kV; 362kV and 550kV
145/245/400/500kV 500/800 kV DC SF6/Air bushings
145/245/400/500kV 500/800 kV Instrument Transformers (CT,CVT VT etc.)

In the last 10 years Prysmian has used MPF HTV Silicone Insulators for outdoor cable
terminations from 72,5 up to 420 kV without any service problem or significant aging effect.

These composite terminations have been often installed in highly polluted areas as Sardinia Island
or China industrial polluted areas.

V. CONCLUSION: CORRELATION BETWEEN TESTS , TESTING STATION AND
FIELD EXPERIENCE :

Composite housing present several advantages compared to porcelain: safety, very good pollution
performance and no maintenance cost.

In this paper the case of cable termination application is presented, two composite cable
termination with silicone insulators housing with double shed profile and Minimum 25mm/KV specific
creepage distance have been exposed to high/very high pollution level (marine and petrochemical
Industry pollution) for more than ten years without flashovers, No cleaning, No maintenance and
excellent performance of the silicone housing: no tracking nor erosion.

This result has substantially confirmed the results of the 5000h Test carried out on MacLean

Power France insulators with similar characteristics (Voltage level, creepage distance and same
electric stress).
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