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Application Of Optical Current Sensors In Electric Substations

Abstract. Despite the fact that current transformers have been used for many years in certain sections of the electrical network, in power supply, to
power the circuits of an electrical measuring installation, meters, and relay automation installations, they have various disadvantages, in particular,
due to a fairly high accuracy class and error when integrated with modern digital technology. Depending on the requirements for traditional current
transformers, they are divided info accuracy classes, i.e. 0.2; 0.5; 1; 3; 10. It is these accuracy classes that determine the scope of current
transformers (laboratory, general technical devices, relay protection, etc.).

Streszczenie. Pomimo faktu, Zze przektadniki pradowe sg od wielu lat stosowane w niektorych odcinkach sieci elektrycznej, w zasilaniu, do zasilania
obwodow elektrycznej instalacji pomiarowej, licznikéw, instalacji automatyki przekaznikowej, majg one rézne wady, w szczegélnosci ze wzgledu na

dosc¢ wysoka klasa doktadno$ci i btgd po zintegrowaniu z nowoczesng technologig cyfrowg. W zalezno$ci od wymagan stawianych tradycyjnym
przektadnikom prgdowym, dzieli sie je na klasy doktadnosci, tj. 0,2; 0,5; 1; 3; 10. To wta$nie te klasy doktadno$ci okre$lajg zakres przektadnikow
pradowych (Zastosowanie optycznych czujnikéw pradu w podstacjach elektrycznych)
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Introduction

Current transformers are one of the types of
transformers used in various industries. Since the first side
of the current transformer connected in series with the
circuit is connected to a high current circuit, the winding of
this side also consists of one or more windings with a
relatively large cross section. However, unlike the first side,
the second side winding consists of coils with a small cross
section and is connected to low-resistance devices -
ammeters, series windings of wattmeters and calculators,
etc. [1].

Despite the fact that current transformers are used in
various industries, they have various disadvantages.

First of all, it should be noted that when connecting a
current transformer or during operation, the ends of its
secondary winding should in no case remain open.
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Otherwise, the transformer will go into idle mode and the
magnetic flux (@) in the core steel will increase many times.
This, in turn, can lead to overheating of the core steel and
damage to the secondary insulation. Otherwise, the
secondary voltage may increase sharply, which is extremely
dangerous for the technical personnel servicing the
equipment. Given these shortcomings, the secondary
winding of the transformer must be short-circuited and
grounded. In connection with what has been said in Fig. 1
shows a schematic diagram of connecting a traditional
current transformer (a) and its structural view (b). Indeed, in
circuit (a), the ends of the secondary windings of a
conventional current transformer are connected and
grounded through resistors. Otherwise, these complications
and dangers are inevitable.
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Fig. 1. Connection diagram of the current transformer circuits (a)
and its structural view (b).

Another disadvantage of traditional current transformers
is the saturation of the steel core. Thus, during short circuits
in the electrical network, as well as during switching
processes, the current in the circuit increases sharply,
which leads to the flow of a large amount of magnetic flux
from the steel of the current transformer, and, consequently,
to a distortion of the value of the induced electromotive
force in the secondary circuit. This, in turn, leads to
inaccurate measurements [2]. In general, the main
disadvantages of the traditional current transformer are as
follows:

¢ Absolute short circuit of the secondary winding

e Saturation of the steel core of the transformer

e Sensitivity to metrological factors and external magnetic
fields

¢ Instability to ferroresonance phenomena

These listed shortcomings create problems when
traditional current transformers work with modern digital
technology. The rapid development of digital technologies
makes it inevitable to create more modern and
sophisticated modifications of traditional equipment used in
power supply.

Problem setting

A comparison was made between traditional current
transformers and optical current sensors, the parameters of
the optical current sensor, the principle of its operation and
its application in an electrical substation were analyzed, and
it was found that optical current sensors do not have the
disadvantages that traditional current transformers have. It
is for this reason that in the power supply (especially in
electrical substations) the process of replacing traditional
current transformers with optical current sensors and the
transition to digital substations is very important. Thus, in
connection with the development of digital technology,
optical current sensors in terms of accuracy, simplicity and
safety of operation, as well as self-diagnosis, are an integral

part of the transition to modern technologies in power supply
[3].

The solution of the problem

The above condition ensures the reliability of the
transmission and distribution of electrical energy in
electrical substations. The use of optical current sensors in
power supply and especially in electrical substations is very
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important. The advantage of this technology is mainly due
to its working principle.

The principle of operation of the optical current
sensor is based on the Faraday effect. In 1846, when M.
Faraday studied optical and electromagnetic phenomena, it
turned out that optically inactive substances have the ability
to rotate the polarization plane under the influence of an
electromagnetic field. In other words, due to this effect, the
phenomenon of polarization (electronic polarization) occurs
in the material of the optical fiber (glass) under the influence
of an electromagnetic field. Therefore, the electromagnetic
field creates artificial activity, which is called the Faraday
effect [4, 16, 21, 22].

Fig.2 shows the distortion of the electromagnetic wave
as a result of the effect of a permanent magnet when
passing through the glass fiber material.

Fig. 2. Passage of a propagating electromagnetic wave through a
glass fiber material: 1-normally propagating electromagnetic wave;
2-permanent magnet; 3-optical fiber material (silicon carbide); 4-
distorted electromagnetic wave.

As you can see, the polarization that occurs in the
fiberglass material under the influence of a permanent
magnet leads to a distortion of the sinusoid, in other words,
it forms an angle with the previous sinusoid. On fig. 3 shows
the angle formed between the sinusoids.

Fig. 3. Angle formed between sinusoids.

This angle formed between two sinusoids is called the
angle of rotation and is denoted 3. Then the value of this
angle
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where v - is the velocity of the magnetic field; B-module of
the magnetic induction vector; d - is the active length of the
optical fiber material.

The measured value of the angle B characterizes the
change in the magnetic field.

A change in the magnetic field is instantly perceived by
an optical current sensor and transmitted to the "Central
Processing Unit", which is an electronic unit. As a result, the
change in the field propagation intensity (E) determines the
magnitude and direction of the flowing current [5].

Although the Faraday effect was discovered many years
ago, the practical application of this effect in technology falls
on the last 15-20 years. Optical current sensors are directly
related to the development of digital substations.

Digital substation means the management of the main
and auxiliary equipment located in the substation in an
intelligent and digital language. These substations comply
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with the international standard IEC61850. There are various
types of optical current sensor designs, one of which is the
ring sensors used in high-voltage busbars of electrical
substations, shown in Fig. 4 [6,14,19].

Fig. 4. Ring sensors used in high-voltage busbars of electrical
substations.

In general, the main advantages of optical current
sensors used in electrical substations are:

¢ Increased resistance to metrological and magnetic

influences

e No effects of electromagnetic and ferroresonant

phenomena

¢ Ability for introspection and diagnostics

e Accurate measurement of synchronous harmonics

¢ Improved dimensions and dimensions

¢ Simple and safe operation

In the case of the use of optical current sensors in the
electrical substations of our country (especially above 110
kV), there will be a significant improvement in the following
important indicators of the electrical network:

1. Reducing technical losses in the electrical network

2. Increasing the reliability of power supply (SAIDI,
SAIFI).

As you know, technical losses occur in the electrical
network for a number of reasons, and reducing these losses
has always been considered one of the most important
issues. To reduce these losses, the transition to modern
technologies, reactive power compensation, power factor
improvement, as well as various other methods are used.

If we replace traditional current transformers with optical
current sensors in any 220/110/35 kV substation, we will get
the following results. We know that technical losses vary
with load.
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It is clear that it is impossible to reduce technical losses
(AP,) from active power.

However, losses can be reduced depending on reactive
power in various ways, one of which is reactive power
compensation. In general, reactive power losses are
observed in any equipment with an electromagnetic process
in the mains, and each of these losses has an impact on the
overall technical losses. Reactive power losses in optical
current sensors are not observed [7-9]. More precisely,
losses caused by the influence of the electromagnetic field
and the saturation of the steel core are not observed in
these sensors.
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The use of optical current sensors in electrical
substations will also significantly increase the reliability of
power supply.
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Thus, the ability to accurately measure and store
measurement data in memory and accurately analyze will
reduce the number of false alarms to zero, which will
seriously affect the number of alarms per year (SAIDI) and
the duration of alarms per year (SAIFI). The use of optical
current sensors in the form of supports in electrical
substations is shown in Fig.5 [10, 15].

Fiber optik
sensor

Fig. 5. The use of optical current sensors in the form of supports in
electrical substations.

In connection with the transition of electrical substations
to digital technology, many companies offer optical sensors-
current transformers of various shapes and designs. The
main types of structures used in substations are shown in
the following figure (Fig.6).
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Fig. 6. Main types of construction used in substations
a)support-like; b) ring; ¢) suspended.

Although the types of construction are made in different
ways, the principle and essence of optical current sensors
do not differ from each other. When designing a substation,
the optical current sensor is selected based on the specified
power and voltage. Each optical current sensor data sheet
will list its main parameters: Due to its ability to conduct
accurate analysis, its neutral position in relation to external
influences and superior performance, this technology is
rapidly spreading around the world. From the point of view
of reducing technical losses and increasing the reliability of
power supply, the use of this technology in our country is a
priority issue.

That is why this technology is expected to be improved
and recommended in the near future. In these networks,
optical current sensors, which are included in the power
supply of only some developed countries, have fully justified
themselves. In some countries, equipment based on this
technology is still in the testing phase. The creation of smart
grids, SCADA, digital substations and other smart grids
makes it inevitable that optical technology-based equipment
will rapidly develop and become an integral part of the

energy supply.

Conclusion

According to the results of our research, it was
determined that the use of optical current sensors based on
the Faraday effect in high-voltage electrical substations not
only improves the reliability of power supply, but also
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eliminates some problems that arise in the electrical
network. Extraneous effects caused by metrological factors,
as well as technical problems caused by magnetic and
ferroresonant phenomena, minimizes losses. The use of
optical current sensors in electrical substations eliminates
the shortcomings of traditional current transformers, which
in turn minimizes the inaccuracies and operational failures
caused by these shortcomings.

The integration of digital technology into power supply
will lead to the creation of new design modifications of
optical current sensors, as well as the rapid development of
this technology in the energy sector.
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