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Abstract- The performance of outdoor insulators directly affects
the reliability of power supply. However, their insulation
performance is highly dependent on the environmental factors
such as pollution. Evaluating the extent of pollution on insulators
is essential for maintaining high power quality standards. This
study explores a novel approach to assess the severity of pollution
and its impact on insulation integrity of composite insulators,
utilizing Electro-Optic (EO) sensor technology for electric field
mapping. Given the challenges associated with collecting and
analyzing such data during power line inspections, this research
seeks to evaluate the feasibility of EO sensor-based diagnostics for
preventive maintenance. The objective is to identify and map
variations in electric field associated with pollution-induced
insulation degradation. Furthermore, this study investigates the
distribution of two components of the electric field under different
contamination scenarios, taking into account the position of the
sensor and the applied voltage. The results demonstrate a
significant influence of the pollution deposition on the measured
electric field values, highlighting the efficiency of the EO sensor in
accurately assessing insulation condition. These findings provide
valuable insights for implementing targeted maintenance
strategies, ultimately enhancing the longevity and reliability of
high-voltage equipment and fortifying resilience within the energy
sector.

I.  INTRODUCTION

Insulators serve as crucial elements in power systems,
ensuring the smooth operation of transmission lines by isolating
conductors from grounded structures, and providing essential
mechanical support. While traditional porcelain or glass
insulators have long been employed in these roles, composite
insulators have gained traction due to their several advantages
such as lightweight construction, cost-effectiveness, and
superior performance in environments prone to contamination
[1], [2]. However, despite their advantages, composite
insulators are susceptible to various forms of damage and
deterioration that can compromise their effectiveness.

Among the primary challenges faced by composite insulators
is the occurrence of tracking and erosion along their surfaces,
which could also be because of the existing undetectable
manufacturing defects. Tracking arises when conductive paths
form due to the presence of environmental contaminants or
moisture, leading to surface discharges that can impair the
insulator's electrical properties [3]. These issues can result in
structural weaknesses, including brittle fracture or burn-out,
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ultimately leading to disruptions in power supply. The
vulnerability of composite insulators underscores the necessity
for thorough inspection and maintenance practices. While
visual inspections have traditionally been the mainstay for
assessing insulator condition, they may not always detect
internal defects or subtle signs of degradation [4], [5].
Moreover, contamination by industrial or natural pollutants can
significantly impact insulator performance by reducing surface
hydrophobicity and promoting surface discharge activity.
Understanding how these environmental factors influence
electric field distribution can aid in predicting flashover events
and optimizing maintenance schedules [6]. Consequently, there
has been a growing interest in leveraging advanced diagnostic
techniques to supplement visual inspections and provide a more
comprehensive evaluation of insulator health.

One such technique is electric field mapping utilizing electro-
optic (EO) sensors [7]. These sensors enable the measurement
and visualization of electric field variations around insulators,
offering valuable information that can help to assess their
performance and integrity, and evaluate the insulation
degradation severity [8], [9]. By detecting and mapping electric
field fluctuations, these sensors could be helpful for the
characterization of the insulation degradation and the diagnostic
of the defaults [10], [11]. Moreover, EO sensor-based
diagnostics have the potential to enable proactive maintenance
practices, allowing utilities to address issues before they
escalate into costly failures.

The aim of this research is to investigate the possibility of the
use of electric field mapping to investigate the severity of
environmental factors such as salt water deposition on
composite insulators. In the present experimental work, two
electric field components are measured along the composite
insulator under different pollution conditions using EO electric
field mapping techniques. The research intends to investigate
the possibility of using such sensors to evaluate the pollution
severity and perform preventive maintenance to enhance the
resilience and reliability of high-voltage equipment in power
transmission and distribution networks.

II. EXPERIMENTAL SETUP

The proposed experimental setup replicates real-life
scenarios involving installed insulators exposed to various
environmental pollutants. Fig. 1 illustrates the schematic
diagram of the experimental setup, which is divided into a high
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Fig. 1 Schematic diagram of the experimental setup using EO sensor and the linear translation stage

voltage zone and a low voltage zone. The high voltage zone is
an enclosed grounded metallic space designed to minimize
external disturbances and ensure security. A power supply
placed in the high voltage zone provides up to 25 kVrms, 50 Hz
AC voltage. In contrast, the low voltage zone hosts the control
unit for the linear translation stage, the opto-electronic unit for
the EO sensor, the power supply control, and the oscilloscope.
Various types of pollutants and sensor positions were
considered for the experiments. The measurement results were
subsequently analyzed, and comparisons were made between
the clean insulator and the insulator subjected to pollutants. To
create pollution conditions, water, and salted water (with a
concentration of 40 g/liter to mimic seawater salt content) were
deposited onto the insulators. The insulator polluted with salted
water was dried before experiments, leaving visible white salt
traces, as depicted in in Fig. 2.

An electric field EO sensor from Kapteos [7-9] is used for
electric field measurement. The EO sensor, together with a
translation stage, allows to characterize and map the electric
field deformation caused by the pollution deposition on the
insulator. The full-dielectric packaging of these probes sets

them apart, as they can measure the electric field nearby HV
sources without any risk.

The EO sensor employed was a longitudinal sensor (ELS)
with a 5 mm length crystal and covers a frequency bandwidth
from 30 Hz up to 10 GHz. The positioning of the EO sensor
with respect to the device under test is shown in the Fig. 2 for
the E, field component measurement. The sensor position is
modified by directing it vertically for E, component field
measurement. The distance between the probe and the insulator
is fixed at 5 mm.

The EO sensor is moved using a motorized linear translation
stage with a length of 150 mm. The velocity of the translation
was fixed at 5mm/s. The translation stage control was
achieved using commercially available Thor Labs software.
Multiple measurements were taken by moving the EO sensors
between the plates and conducting linear measurements from
the top to the bottom of the insulator. Although, the insulator
consists of 6 plates, measurements could only be conducted
between the 1% and the 5" plates due to the 150 mm limit of the
linear translation stage. The electric field signals measured
using the EO sensors are recorded using the oscilloscope
(Keysight MSO-X 3104A, 1 GHz Bandwidth and 5 GS/s) and

Fig. 2 Insulator simulating the different environmental conditional (a) Clean Insulator, (b) Water pollutant, (c¢) Dried salt water pollutant



analyzed in the time and frequency domain. A study between
the electric field distribution along the z axis with and without
pollutants is presented.

III. EXPERIMENTAL RESULTS

In this part, we present the results of the measurements of
both E, and E, field components in different scenarios such as
the clean insulator and the presence of water and dried salt
water pollutants. In these experiments, the high voltage is
connected in the top side of the insulator, and the translation of
the sensor starts at the position 0 mm which corresponds to the
first topmost plate and ends at the position 150 mm which is
next to the 5™ plate. The distance between the plates is
approximately 37.5 mm. All the experiments were conducted
using a voltage of 25 kVrms, 50 Hz AC voltage.

A. Clean Insulator

Fig. 3 presents the EO sensor output sinusoidal signal, which is
an image of the E, electric field component in static state at a
specific position (3 plate). The raw measurement signal of the
EO sensor in radial position as a function of the measurement
time and the sensor position from 0 to 150 mm is shown in the
Fig. 4. In these measurements, the insulator was clean. When
the sensor is translated from the position 0 mm to the position
150 mm, the magnitude of the measured signal decreases
because the sensor goes far from the HV side. The antenna
factor (AF), being the linear link between the actual field
component and the measured output voltage, has been
previously determined thanks to a specific calibration. AF has
been used to obtain the absolute field spatial distribution of the
further presented results.
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Fig. 3 Raw temporal measurement signal of a clean insulator over time at a
fixed position

Fig. 5 presents the variation of the root mean square (RMS)
value of the electric field components as a function of the
position of the sensor in the case of clean insulator. Both E,. and
E, components are higher at the top of the insulator, and then
they decrease when the sensor move downer and vice-versa in
the case of the electric field angle. At the position 0 mm
(topmost plate), the RMS value of the E, component of the

electric field is higher than that of the E, component, however,
it decreases quickly with the position of the sensor to become
lower than the E, component.
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Fig. 4 Raw measurement signal depicting mapping of a clean insulator
over time (s) and sensor position (mm)
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Fig. 5 RMS value and angle of electric field components as a function of
the sensor position for a clean insulator

B.  Impact of the pollution on the electric field

Fig. 6 illustrates a comparison of the RMS profiles of the E,
electric field component in relation to the position of the sensor
ranging from 0 to 150 mm when moved along the z axis, for
both clean, water polluted, and dried salt water polluted
composite insulator. Notably, the use of water as a pollutant
results in an electric field increase of nearly double that of the
clean condition and also that of a dried salt water pollutant. The
peak in electric field value occurs next to the first plate which
is close to the HV electrode, with smaller peaks observed at the
tip of each plate. The peaks in the E, profile with water
pollution are slightly shifted, this may be caused by the non-
homogeneity of the water pollution. These results clearly
demonstrate that the insulator pollution can increase



significantly the E, electric field value, this latter is also
sensitive to the pollution type. Similarly, in the Fig. 7 we have
the RMS value of the E, field component for the different
pollution cases. Even here we observe significant impact when
water is used as a pollutant, the E, component in this case is
higher. The E, component seems to be lower at dried salt water
pollution. From both figures Fig. 6 and Fig. 7, we can clearly
observe that the maximum value of E, electric field component
is higher than that of the E, component, and it is located near to
the closest plate to the HV connection. On the other hand, the
highest value of the E, is located between the 1% and the 2
plate under water pollution.

220 g
_E —o— Clean Insulator
200 | —o&— Water pollution
Dried salt water pollution

—_
@®
o

160
140

100 |

RMS value of Er component (kVrms/m)
£ [«2] =] K;
o o o o

N
o

0 20 40 60 80 100 120 140
Sensor Position (mm)
Fig. 6 RMS value of Er electric field component as a function of the sensor
position for different pollution cases
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Fig. 7 RMS value of Ez electric field component as a function of the
sensor position for different pollution cases

IV. CONCLUSION

In the present paper, EO sensors were used to perform an
electric field mapping and study the distribution of electric field
on composite insulator with various types of artificial
pollutions. The results demonstrate the effectiveness of EO
sensors in characterizing the pollution severity on the

insulators. Higher RMS values of the electric field (for both e-
field components) have been obtained under water pollutant.
Radial field component seems to be more sensitive to the
pollution of the composite insulator. Using the calculation of
RMS value of the electric fields, relationship between angle of
the electric field with respect to the position of the sensor was
established. By utilizing electric field mapping, this research
offers a valuable tool for preventive maintenance, improving
the reliability of HV equipment, and ultimately contributing to
the advancement of HV technology.
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