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The development of power grid infrastructure and increasingly stringent environmental regulations have intensified
work, carried out by researchers and electrical equipment manufacturers, to develop innovative gas-insulated,
environmentally neutral devices. The emergence of new designs of circuit breakers and disconnectors, in which the
resulting electric arc is extinguished in a vacuum environment, requires the development of appropriate techniques

for diagnosing the chambers responsible for the dielectric parameters of the device.
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| 1. Introduction

Electricity is one of the basic utilities used in today’s world. It is essential in almost every area of our lives, from
powering large manufacturing plants to protecting human health and life. The ever-increasing amount of electricity
consumed by consumers and the increased demands placed on networks in terms of continuity and quality of
energy supply have led to the development of energy infrastructures 2Bl which is constantly being improved to
meet the challenges posed. Innovative technologies are being applied to modern networks and have prompted the
development of appropriate control and measurement techniques to verify the condition of the power network in
operation ¥, The development of the electricity network has led to an increase in the importance of gas-insulated
apparatus, particularly the importance of vacuum interrupter technology (VI—Vacuum Interrupters), whose main
aspect of suitability for operation is the pressure inside the extinguishing chamber. Given the paramount
importance of the pressure level in a vacuum chamber, the power industry faced another challenge of developing a
real-time pressure measurement system to enable chamber diagnostics and thus predict potential damage and

thus power outages.

| 2. Switching Devices in Medium-Voltage Networks

The VI technology, especially modern vacuum circuit breakers (VCBs—Vacuum Circuit Breakers) are of enormous
importance in the power system, enabling switching processes to be carried out autonomously or with negligible
dispatcher intervention. Vacuum circuit breaker technology is widely known and used in network infrastructure,
mainly through the VD 4 series from ABB B and the SION series from SIEMENS 8. Vacuum circuit-breakers

practically dominate the switchgear in transformer substations due to their small size and excellent mechanical
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durability of up to 30,000 switching cycles, as well as the fact that no maintenance is required during normal
operation.

Over the decades, the market for arc extinguishing agents has been dominated by vacuum, this was not always
the case, as shown in Figure 1 below.
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Figure 1. Proportion of each type of equipment in the total number of installed apparatuses .

As can be seen from the diagram above, oil, air, sulfur hexafluoride (SFg) and vacuum have played the role of

insulating medium in switchgear over more than four decades [&l.

In the 1980s, oil-insulated circuit breakers were the most trusted. The entire circuit breaker unit was immersed in a
tank filled with oil, whose function was to provide insulation and an arc extinguishing mechanism. These were
usually located outside 2. However, the great days of oil-insulated circuit breakers are already long gone and now

they have been virtually eliminated from industrial applications in favour of vacuum circuit breakers.

Pneumatic air circuit breakers U2 have been used extensively in various types of circuits, especially
conditions. They are equipped with blast coils, applicable for arc extinguishing by magnetic blast, and blast tubes
that operate by forcing air down the tube from each nozzle of the contact assembly. They were completely
displaced from the market in favour of vacuum units more than two decades ago.

Another type of gas-insulated apparatus encountered in networks are arc extinguishing switches in compressed
SF¢ 18141 |n industrial environments where the use of oil circuit breakers was not possible due to fire hazards. The

cool air created by convection enables them to operate at the correct temperature for the operating.
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Sulfur hexafluoride and vacuum circuit breakers are similar in design. The main difference between these two
apparatuses is the insulation, which is provided by different dielectric medium. The highly compressed gas is
expelled from the arcs in the circuit breakers while the mechanism is operating and is then collected in a low-
pressure container before being transported back to the high-pressure container for reuse. The effect of
extinguishing the arc in SFg is an extremely harmful residue from arc combustion. The fact that SFg is a powerful
greenhouse gas is also not insignificant. The pollutants released into the environment can have a very negative
impact on the atmosphere. The technology used reduces the possibility of leakage from the circuit breaker during

operation.

The most common adaptation of circuit breakers for more than four decades has been vacuum circuit-breakers 22!
(161 This solution is nowadays widely used in various types of power systems. They are famous for their long
service life and functionality and, above all, for their lack of negative environmental impact, which is extremely
important in the context of an ongoing environmental policy. They provide a higher degree of reliability compared to
air circuit breakers. Due to the fact that there is no ionizing agent and only the contact material is present, vacuum
circuit breakers are characterized by low arc energy. The arc is extinguished already at a distance between
contacts of 2-3 mm (typically 10 mm for MV networks). Near the point where the current passes zero, the

discharge can no longer be maintained by the arc energy and the arc is extinguished.

As Figure 1 shows, for almost forty years there has been a constant increase in the amount of equipment in which
vacuum technology is used, which has been reflected in the work of scientists and in the innovative designs of
vacuume-insulated apparatus offered by manufacturers. in the work of researchers and in the innovative designs of
vacuum-insulated apparatus offered by manufacturers. The dynamic development of the grid and stricter

regulations on power outages have necessitated the development of new designs of vacuum equipment.

In countries with a low level of network cabling, such as Poland, medium-voltage overhead networks play a
decisive role in shaping reliability factors. Inherent in these networks are disconnectors, which are typically installed
in overhead lines, are responsible for connecting operating currents and are most often of open, less often of
closed construction, but based on SFg technology. It is only in the last decade that research work has been

undertaken to develop a vacuum disconnector with a closed design, free of SFg, using vacuum technology.

The result of the work of researchers and manufacturers of switchgear intended for medium-voltage networks is
EKTOS—an innovative medium-voltage overhead vacuum disconnector in a closed enclosure, dedicated to Smart
Grids, which was developed in cooperation with researchers from Lublin University of Technology and a company
EKTO from Bialystok. The innovativeness of EKTOS lies primarily in the innovative, developed from scratch motor
storage drive integrated with the contact system which is based on a DC motor, which has allowed the system’s
dimensions and power requirements to be reduced to 90W. The place of contactors and limit switches has been
taken by a starting system equipped with reed switches. In order to eliminate tie rods and thus simplify the design,
the entire drive unit was located inside the disconnector structure. This form of drive system, to the authors’
knowledge, is not found in other devices of this type 4. Bearing in mind that EKTOS is a device intended for use

on overhead lines, its weight is not without significance. Components with reduced weight and size were used in
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the construction of the apparatus, which has resulted in the final weight of the device being approximately 1/5 that
of known construction solutions. It is perfectly in line with global preferences in terms of the direction of network
infrastructure development. It has based the operation on an emission-free medium such as vacuum, but there are
still improvements in the dielectric resistance of the extinguishing medium through the use of noble gases or
mixtures of these gases as an arc-extinguishing medium &, Another challenge faced by EKTOS is the need to
provide real-time measurement of the gas pressure in the vacuum chamber so that potential damage resulting from

unsealing of the extinguishing chambers can be predicted.

| 3. Pressure Control in Switchgear

The control of the pressure level in gas-insulated apparatus is extremely important, as the vacuum retains its
excellent insulating properties only up to a pressure level of 1 Pa, once the pressure increases beyond this value

the breakdown voltage of the insulating gap drops dramatically 2229211 Thjs sjtuation is shown in Figure 2 [1822],
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Figure 2. Dielectric strength of the vacuum chamber for different contact distances 181122,

This is an extremely unfavorable situation, particularly given that the current switchgear used in the power industry
is of enclosed construction, which makes it less susceptible to environmental factors and vandalism, but this is
coupled with the inability to observe a safe insulation gap. The inability to determine what state the device is
currently in poses a number of dangers, the greatest of which is the possibility of potential being transferred to the
side that may be de-energized. This poses a serious risk to human health and even life, as maintenance crews
carrying out maintenance work on a theoretically de-energized line can be electrocuted. This illustrates the
magnitude of the problem of pressure control on gas-insulated equipment. The dielectric strength of the vacuum for
different contact distances is shown in Figure 2 [1822],

The problem of measuring the pressure in vacuum chambers and thus determining the technical condition of these
apparatuses affects all equipment that uses vacuum as an extinguishing medium, but it is particularly acute for
disconnectors which, due to the specific nature of the switching operations carried out, require knowledge of the
pressure prevailing in the extinguishing chamber and thus the ability to determine the presence of a safe insulation
gap.
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