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Abstract

According to our current rules in France, working on an HV-HV'H insulating string is allowed if
the dielectric strength verification is satisfied. This dielectric strength is calenlated based on a ratio
between the insulating length and the damaged length. The result is then compared to limit values
that are set ont in our rules regarding overvoltage surge and pollution. To verify the dielectric length
on a composite insulating string, the only mean available is to use a composite insulator tester.
However, this operation which must be carry during live working is very restrictive regarding the
work organization, it is complicated to set up and the data analysis needs an expert, ete. Those are
the main reasons why we do not intervene on composite insulating string while live working. To
ensure that live working does not hinder the installation of composite insulator strings on the French
network, SERECT is carrying ont a study to find alternative solutions. This study is based on a
large literature review, new tools that can be used to do a better visual inspection (UAV") and an
experimental approach regarding the latest defect detection technologies (IR, UV, HF, acoustics,
ete.). (Abstract)
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I. INTRODUCTION

RTE's current policy only provides for the installation of composite insulators (CI) on the
transmission network in special cases (polluted areas, seaside). As a result, less than 1% of the
electricity network is equipped with this technology.

RTE has only experienced one incident (in 2019) involving CIs after 8 years of operation.
The diagnosis concluded that there was a problem with the mould during the process of
moulding the silicone coating around the insulator rod: the pollution weakened the sealing
surface until it was primed.

Current live working regulations allow work to be catried out on composite insulators
with prior diagnosis using the POSITRON tool. This tool identifies deteriorated lengths by
analysing the electromagnetic field along the insulator. This tool has proved difficult to
implement in the field, and the results are not easily interpreted by maintenance teams.
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After an in-depth analysis of current methods and resources, as well as failure rates, RTE
launched a study to determine whether visual inspection, possibly using complementary
technologies, would be sufficient to diagnose the electrical strength of composite insulators
before carrying out live work. This article explores this new approach.

II. RTE’S CURRENT FLEET

RTE's current fleet is mainly equipped with 3rd (post-1985) and 4th generation ICs:

Breakdown of assets in operation by generation

® licre génération

= 2ieme génération
= 3iéme génération
= 4ieme génération

Most Cls are installed on lines of 90kV or less. The benchmark with different TSOs allows
us to estimate that the failure rate of this insulator technology is approximately the same as
that of glass insulators, i.e. around 1E-04.

Distribution of composite insulators by voltage
level

= 400kV
= 225kV
= 90kV
® 63kV

The various examples of incident analysis dealt with in the guides concern insulators above

90kV. We have not found any data concerning faults and their propagation at voltage levels
of 90kV or less.

ITII. TESTING DIAGNOSTIC METHODS

We were able to experiment with UV, IR and acoustic technologies in our laboratory. We
simulated defects with copper tape positioned on the phase side, the ground side and floating,
and for different lengths.
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UV technology:

We were able to test two UV camera models. We noted a difference in sensitivity between
the two models. Overall, only the tip effect of the tape is detectable, and then only under
certain conditions. Even the most sensitive camera is unable to detect floating defects. The
measurement is not discriminating even if their cumulative length represents 30% of the
length of the insulator. If the fault is located on the earth side, it must reach at least 30% of
the insulator length to be detected. Detection of the tape tip effect on the phase side is
detectable with the most sensitive camera as soon as the fault represents 10% of the insulator
length.

Acoustic technology:
Under laboratory conditions, the results obtained with acoustic technology are quite similar
to those obtained with UV. We were able to sporadically detect acoustic emissions from the
effects of the tip of the scotch tape on the mass side over a length of 10%.

In conclusion, the interpretation of the results of these two technologies may be biased.
Discharges can occur in the insulator environment (roughness, design faults, etc.) without the
insulator being defective. In addition, the length of the fault is not identifiable.

IR technology:
The low conductivity of the insulating materials used in composite insulators means that
damage must generate enough heat to be detected externally. No surface defects could be
detected by the IR camera.

In the end, none of the three technologies tested in our laboratory (UV, acoustic, IR) was
able to reliably detect a conductive defect or estimate its length.

IV. EXPERIMENTS ON THE PROPAGATION OF INTERNAL
DEFECTS

The tests were catried out on 46kV insulators with faults induced in the laboratory and which
had been previously aged for 937h by being subjected to a salt spray in accordance with
standard IEC 62 217.

Tests at operating voltage, dry, wet and soaked for 16h in tap water did not reveal any
significant change in the behaviour of the insulators.

Thus, even when severely degraded, the electrical resistance remains very good.

An internal fault was simulated on a healthy insulator using a syringe:
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Source de tension
(Electrode liquide)

B | Graisse isolante MOLYKOTE

-
The specimen was subjected to a voltage of 100kV for 9 hours to accelerate ageing,.

Regular measurements were taken using an IR camera. In this case, the camera detects
temperature differences.

We then removed the silicone coating where the needle was inserted. We did not observe any
visual change in the silicone coating:
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On the other hand, we noticed a deterioration of the surface of the snap ring in the form
of ‘branches’ starting from the point corresponding to the tip of the needle.

Microscopic examination of the surface revealed black tracking marks, which spread
inside the fibre but did not tend to pierce the silicone coating:

Under the conditions of this experiment, which are open to discussion, it seems unlikely
that the defect would spread outwards by piercing the silicone coating. In this case, visual
inspection would not identify the defect.

V. EXPERIMENTATION OF VISUAL AND IR INSPECTION WITH
DRONE

Visual inspection must be carried out from several angles, mainly around the core. An
experiment was carried out using a drone. We noted a number of constraints:

e Impossibility of viewing the insulator from all angles;

e  Anchored insulators are difficult to view from below;

e It's a tedious operation. The analysis has to be cartied out in the office (cannot
be done in the morning before a TST operation);
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e  Autofocus can cause problems (long, thin object);
e The camera must be perpendicular to the fins. Viewing the sky can cause
problems with backlighting;
Visual inspection is the first stage in a diagnosis, and the means used must give confidence
in the data collected. Drones do not appear to be the most suitable or exclusive solution.
Research is underway to find a more effective technique.

VI. LIVE WORKING

In addition to the installation of new live Cls, live work will mainly be carried out to replace
insulators at the end of their service life, depending on the replacement policy adopted. When
a composite insulator reaches the end of its life under normal operating conditions, its surface
loses its hydrophobic properties. Work in wet conditions becomes problematic because it is
necessary to characterise a dynamic ageing phenomenon that depends on the materials and
their environment. This consideration has led us to favour work in dry conditions on this
insulator technology.
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