E3S Web of Conferences 289, 07021 (2021)
Energy Systems Research 2021

https://doi.org/10.1051/e3sconf/202128907021

New solutions for controlled compensating devices

Raxmatillo Ch. Karimov*, Akmal Egamov?, Shokhin Dzh. Dzhuraev?, Bakhadir Uzakov®

I Tashkent state technical university named after Islam Karimov, Tashkent, Uzbekistan
2 Tajik technical university named after academic M.S.Osimi, Dushanbe, Tajikistan

3 Karakalpak State University, Nukus, Uzbekistan

Abstract. The article presents material, which is based on the results of the analysis of literature sources on
automatic devices for regulating reactive power in power supply systems. In addition, this article provides
information regarding the operability of the developed circuits of contactless devices and verification of the
experimental study of the operation of installations with their use. Also presented is material about an
experimental study of a contactless switching device for automatic power control of capacitor banks in various
operating modes. A measuring device with programmed control “Fluke” was used to record and process
experimental data of non-contact devices for regulating the power of capacitor banks. The results of experimental
studies of a new device for automatic power control of capacitor banks, it can be stated that it fully meets the

requirements.

1 Introduction

The most important priority of the sectoral structural
policy is the dynamism of development and the increasing
role of knowledge-intensive production. Orientation on the
development of science-intensive and techno-intensive
industries solves a strategic task - strengthening Uzbekistan's
position in the world market, achieving economic and
theological independence of the republic [1-3].

In the Republic of Uzbekistan, a course has been put
forward for the development of society in the transition
period to a market economy based on the development and
reconstruction of existing enterprises for the production of
both consumer goods and industrial goods of high quality
that meet international standards. In the conditions of market
relations, electric energy must be considered as a commodity
that requires optimal management both at the production
stage and so at the consumption stage. Under these
conditions, for electricity, balance ratios are valid, including
physical laws (such as Ohm's, Kirchhoff's, etc.) and variables
and financial variables (tariffs, taxes, loans, etc.). The
creation of these power generation and distribution models
allows the constraints on physical and financial variables to
be taken into account and studies to optimize and analyze the
results of the solution under various conditions [1, 4-6].

2 Relevance of the topic

The successful solution of the most important problems of
automation of production and consumption of high-quality
electricity is possible only with the availability of first-class,
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reliable technical means of automating the regulation of
reactive power [1, 4, 7].

One of the directions of scientific and technological
progress is the improvement of existing and the creation of
new means of automation, in particular, automation of
regulation of the power of capacitor banks. Automatic
regulators as automation means, designed to control reactive
power, convenient for transmission and consumption, find
wider application both in power engineering and in auto-
mated voltage control systems of an electrical system [7-9].

It should also be noted that there is a lag in the creation of
automatic devices for regulating the power of capacitor banks
in comparison with foreign analogous samples due to the
limited development of new technologies, the creation of
both control circuit elements and capacitor banks. Therefore,
at present, the development of schemes and tools is being
accelerated, intended directly for automating the control of
technological parameters. All this makes it possible to
successfully complete the automation of all stages of research
and to solve the problem of widespread introduction of
automatic systems for regulating the power of capacitor
banks [4-5, 6-7, 10-12].

3.1 Reactive power compensation

One of the main issues to be solved both at the design
stage and at the stage of operation of industrial power supply
systems is the issue of reactive power compensation,
including the selection of expedient sources, the calculation
and regulation of their power, the placement of sources in the
power supply system [1-4, 7, 13-14].

The quantitative and qualitative changes taking place in
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industrial power supply in recent years make this issue of
particular importance. At present, the increase in reactive
power consumption significantly exceeds the increase in
active power consumption. At the same time, the transfer of
reactive power over considerable distances from the places of
generation to the places of consumption significantly
degrades the technical and economic indicators of power
supply systems [2, 4, 15-16].

An increasing share in the total volume of total loads is
occupied by abruptly variable and nonlinear loads with
increased consumption of reactive power (valve converters
for DC and AC drives, thermal installations, etc.). Under
these conditions, the installation of capacitor banks without
special measures to protect them from overloading by
currents of higher harmonics may be unacceptable. To
compensate for reactive power and ensure the required
quality of electricity at a rapidly varying load, the presence of
asymmetry and nonsinusoidality of the current and voltage
waveforms, special filter-compensating and filter-balancing
devices are being developed [4, 7, 15, 17-18].

In real conditions, the installation of filter compensating
and filter balancing can lead to an unjustified increase in
capital costs and to additional power consumption. Suffice it
to say that the total installed capacity of these devices to
ensure the required power quality can be commensurate with
the load power that causes asymmetry or nonsinusoidality,
and their dimensions and specific cost indicators can exceed
the corresponding load indicators. Unfortunately, in [1, 4, 7]
and other directive documents, many issues of reactive power
compensation arising in the design and operation of power
supply systems have not been adequately reflected. First of
all, these are methodological issues of calculating the
installed power and determining the location of compensating
devices, protecting capacitors from overloads in nonlinear
circuits, etc. [7, 11, 15, 19-21].

When choosing the optimal option, one should proceed
from technical and economic calculations based on a
systematic approach to the problem of reactive power
compensation. This means that the optimal solution should
satisfy the interests of both power supply systems and
electricity consumers, taking into account the effect in the
entire system as a whole [1, 15, 18, 21-22].

3.2 New solutions for controlled
compensating devices

An increase in active loads at industrial enterprises is
accompanied by a corresponding increase in reactive power
consumption. In this regard, the problem of compensation
and the most efficient distribution of reactive power is of
great importance. A special place here is occupied by
installations that allow practically inertia-free regulation of
the generated reactive power. This refers to the use of bias
reactors and valves with artificial commutation, devices with
parallel connection of capacitance and adjustable inductance.
The advantages of such compensators are the absence of
rotating parts and the possibility of smooth and practically
inertialess regulation of the output reactive power [22-24].

The use of artificial commutation in circuits of static
compensating devices based on the use of electronic
technology opens up new possibilities for high-speed

regulation of reactive power and achieving high dynamic
performance of reactive power compensation devices in
power systems [1, 7, 11, 15, 24-25].

Currently, it becomes relevant to determine the areas of
the most expedient application of various systems, controlled
sources of reactive power and their technical and economic
comparison with synchronous compensators and controlled
capacitor units [1, 18, 24-26].

The creation of such rapidly adjustable sources of reactive
power will make it possible to have installations that make it
possible to change various reactive parameters of electrical
systems without inertia. Installations of reactive power
sources can be a powerful means of ensuring a stable voltage
in networks supplying sharply variable loads at metallurgical
plants with rolling mills, the presence of which unacceptably
reduces the quality of voltage [15-18, 26-28].

The static device of reactive power sources consists of a
capacitor bank and a special regulating element made of
inductance with semiconductor valves. The total reactive
power of such an installation Qk changes due to the variable
component of the reactive power of the inductors Q, which
is subtracted from the constant component of the reactive
power of the capacitor bank Qc at a constant line voltage U,
[4,7,11-12, 27-29]:

Qk=Qc-QL

The capacities of the capacitor bank and inductors are
selected in each specific case. In this case, the maximum
power, equal to the power of the condensing unit, is supplied
to the network with the valves closed. The power consumed
by the circuit is maximum when the capacitor unit is off and
is equal to the power of the reactors (inductors) when the
valves are fully open [5-6, 13-15, 28-30].

The regulation of reactive power at sharply variable loads
using reactive power sources is performed much faster than a
synchronous compensator, since both the excitation system
and the power element itself are practically inertial. At the
same time, under the influence of reactive power sources, the
voltage deviations on the buses from which these loads are
supplied are reduced to about 2-2.5%, while these deviations
in the absence of reactive power sources can be 15-17%. The
positive influence of reactive power sources also affects the
voltage at other points of the enterprise's power supply
system, bringing the deviations at these points to 1-2% [31].

To obtain the most effective result from the generation of
reactive power and voltage regulation in the 10 kV network,
which has frequent and large fluctuations, new automatic
controlled reactive power sources were used, consisting of an
unregulated capacitor unit and a regulating element of an
inductance (reactor) with controlled semiconductor valves [7,
18, 21, 32].

Circuits with reactive power sources can also be used for
phase regulation of the mains voltage. Since the scheme of
reactive power sources is actually composed of three
independent phases, then in case of asymmetry of the phase
voltages of the network, this device can be used to equalize
asymmetries by means of phase automatic control of reactive
power [18, 33].

There are other circuits with valves and inductors that
allow you to adjust the reactive power and mains voltage.
Thyristor reactive power compensators of the TK-125-380UZ
type are designed for reactive power compensation with
automatic smooth maintenance of the power factor or voltage
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in alternating current networks with a voltage of up to 0.4 kV
and a frequency of 50 Hz in a temperate climate. Thyristor
compensators are used in workshop substations and in
industrial networks with an abruptly alternating (jerky) nature
of the load, in networks with a rapidly changing non-
programmable load curve (for example, in a network with
single and group thyristor DC electric drives or with welding
loads) [15, 26, 33-34].

Thyristor compensators can be used effectively in
networks with any schedule of changes in reactive load in
conjunction with capacitor units unregulated or with step
regulation [11, 24-26, 35].

Thyristor reactive power compensators have a number of
advantages, including automatic smooth maintenance of the
set value of the power factor; high speed; smooth regulation
of reactive power with limitation above the nominal value;
the ability (due to the fast-acting smooth automatic
compensation) to maintain the stability of the supply voltage.
The nominal reactive power of the compensator is 125 kVAr,
the nominal current is 190 A, the voltage of the network is
380 V, the value of the power factor settings is 0.3-1, the
power regulation range is 25-125 kVAr [5, 6-7, 13-15].

Structurally, the thyristor compensator is also made in the
form of a cabinet, the skeleton of which is a frame made of
profiled steel, closed with a metal sheathing, and from the
bottom - a mesh with holes for entering supply cables or
buses. The expansion joint is serviced on both sides from the
front and rear doors. For ease of maintenance, the automation
elements are located block-by-block on panels, which are
connected by plug connectors to the rest of the elements of
the compensator circuit for half a mile [1, 7-8, 36].

3.3 Automatic power control of capacitor
banks by angle function ¢

A circuit is proposed for automatic regulation of the
capacitor bank power directly as a function of the reactive
power factor value, i.e. angle ¢ - the angle between the
vectors of the supply voltage and the load current. This
method makes it possible to reduce the number of switching
operations, since this angle changes significantly less than the
load current and supply voltage, which improves the quality
of work [12, 17, 23, 28].

Considering that a change in the consumed reactive
power causes a change in the angle @, it is proposed to use
this device to control the state of the thyristor. To form a
control pulse, a saturable current transformer is adopted, the
primary winding of which is connected to the supply circuit.
The magnetic core of the current transformer is made of a
ferromagnetic material with an almost rectangular
magnetization curve. Therefore, a peak-shaped electromotive
force is induced on the secondary winding, which is
necessary to control the state of the thyristor ¢ [1, 21, 36-37].

As you know, the voltage of the supply network changes
according to the law

u=U,sinat
then i =1, -sin(w-t + @)

Taking a ninth-order power function as an approximation
of the magnetization curve, we have [4-5, 16, 33]:

i,0,=Ko°,

Where i1 - current of the primary winding of the current

transformer; w1, - is the number of turns; K - coefficient of

approximation; @ - magnetic flux of the ferromagnetic core
We receive

@ =* \/% I, sin(ot + o).

After introducing the basic quantities in dimensionless
form, we have [4, 7, 11, 21].

U=Unsint, ii=lmsin(t+e); @="[1_sin(t+g);
here
_ _ | |
Um:UM; Im: 1m, @629 i@,
o I, K
Us=owWad,; T=we.
If you accept W, =W, ; | =1, from the above we get
: . — - - do
ii=sin(t+9); @=° Jsin(t+9); Uz =
T

Figure 1 shows the mains voltage and secondary voltage
curves of a saturable current transformer. Curves Uz = f(T
are obtained after numerical differentiation of the function
@ = f(t) [4] From where the change in the shift of the

peak-shaped pulse in relation to the shape of the voltage
curve of the network, depending on the nature of the load, is
clearly visible [8-9, 16, 39].
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Fig.1. Dependencies u,=f(z) and u.=f(z) at ¢=0°(a); =70° (b);
¢=-70°(c)

This feature of the circuit can be used in the automatic
power control circuit of a capacitor bank to generate control
pulses and control the switching angle of the triode thyristor.
When the nature of the load changes, the value of ¢ changes
from 13° to 75° degrees. When the value ¢ changes from Q°
to 45° degrees, the condensing unit does not turn on. When
=450, the voltage relay gives a command to turn on the
capacitor bank and the tg¢ value decreases from 2,85-0,4 [6].

A schematic diagram of a single-stage automatic control
of the capacitor bank power as a function of the angle ¢ is
shown in Fig.2 [7].

The executive unit is made in the form of a thyristor T
and a voltage relay (KV) and a resistor - R; connected in
parallel, through which the thyristor power electrodes are
connected to the network. The regulating unit is made in the
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form of a saturable current transformer (TA), the primary
winding of which is connected in series to the load, and the
secondary winding through a series-connected diode and
resistor - Rz - to the control electrode of the thyristor of the
executive unit [7, 11, 18-21].
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Fig.2. Capacitor bank switching control circuit

Changes in the value of ¢ load causes a change in the
firing phase of the thyristor. With an active load, the thyristor
opening phase starts from 13° and the maximum voltage is
observed across the resistor - R;. With an active-inductive
nature of the load, the firing phase of the thyristor increases
and this leads to a decrease in the voltage across the resistor -
Ri. With a voltage below a certain value, the KV relay, with
its normally closed contacts, gives a signal to turn on the
capacitor bank [7, 15-18].

With a decrease in the value of the angle ¢, the switching
angle of the thyristor decreases and the voltage across the
resistor R increases, and this causes an excess of the set
voltage KV, which will trigger the relay and give a signal to
disconnect the capacitor bank from the network [7, 21, 28].

An experimental study of the device circuit was carried
out with the following parameters of the elements: thyristor -
KU-202N; TA is made on the basis of a ring ferrite core with
an outer ring diameter @=70 mm, inner =50 mm, thickness
16 mm. The number of turns of the winding W,=15, W,=986;
voltage relay - RN 53/200; resistor R;=600 Ohm, R,=3
kOhm, diode D226B. The active-inductive resistance
connected in parallel is used as an active-inductive load.

3.4 Experimental study of contactless
device circuits

Automatic power regulators of capacitor banks, which
depend on the value of the phase angle ¢ and at the same
time on the voltage across the load, make it possible to
increase the reliability and improve the quality of operation
of electrical devices, to reduce the weight and dimensions [3-
4, 15, 40].

Figures 3-5 show the characteristics of experimental
studies of a device for automatic control of the power of
capacitor banks in terms of the shift angle ¢ and in voltage,
which was created on the basis of the circuit shown in Fig.2.

For registration and processing of experimental data, a
software-controlled apparatus “Fluke” was used. Curves of
changes in current and voltage with a predominance of active
load are shown in Fig. 3.

In this case, at U = 225 Volts, the values of the consumed
active and reactive powers were, respectively, 138 W and 28
VAr, and the value of the total power was 141 VA. With a
decrease in the active load, the cose value decreases
accordingly to the device pickup value (cose <0.95). In this

case, the contactless regulator automatically connects the
capacitor banks to the network. Each capacitor bank has a
capacity of 1 puF for a voltage of U =400 V.

Fig.3. Curves of changes in current and voltage at ¢=13°

Further, the curves of current and voltage changes in each
phase were investigated during the switching on of the
capacitor banks [1-4, 15, 24-26]. Curves of voltage and
current variation of the capacitor bank during the process of
switching on the capacitor banks, phase A - with parameters
is shown in Fig. 4.

Curves of changes in voltage and current of a capacitor
bank during a transient process when phase A is switched on
- capacitor banks and electrical parameters are shown in
Fig.5.

0 50 malDiv

Fig.5. Transient process when switching on phase A - capacitor
banks and electrical parameters

4 Conclusions

1. There are sufficient theoretical and informational
materials for carrying out research work on the automation of
power regulation of capacitor banks.

2. It is necessary to carry out experimental studies on the
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systematization of both individual elements and circuits for
automatic power control of capacitor units in order to
determine the control area.

3. Research is required to substantiate and agree on the
performance characteristics of elements and devices used in
automatic power control schemes for capacitor units.

4. As a switching semiconductor element of the automatic
power control circuit of a capacitor bank, a thyristor with
three outputs is recommended - triode thyristors.

5. To reduce the number of switching operations, it is
advisable to use automatic power control circuits of the
capacitor bank directly as a function of the value of the
reactive power factor, i.e. angle ¢ - the angle between the
vectors of the supply voltage and the load current.

6. To obtain a shift of the peak-shaped pulse in relation to
the shape of the voltage curve of the network, depending on
the nature of the load, the regulating unit is made in the form
of a saturable current transformer, the primary winding of
which is connected in series to the load, and the secondary
winding through a series-connected diode and a resistor to
the control electrode of the executive thyristor. block.

7. Taking into account the relevance of the creation and
implementation of contactless devices for regulating reactive
power, new circuits of such devices have been developed that
work according to various principles and have simple
designs.

8. A single thyristor circuit has been developed that
operate as a function of the angle ¢ and serve to regulate the
power of capacitor banks.

9. Circuits of a voltage relay and a contactless starter have
been developed for switching on capacitor banks, which
operate as a voltage function and have compact overall
dimensions.

10. A combined device for regulating the power of a
capacitor bank has also been created, which turns on the
capacitor banks and disconnects by the phase angle ¢. It has
small overall dimensions and is characterized by increased
reliability.

11. The experimental scheme makes it possible to
organize research with a wide range of changes (regulation)
of the parameters of the circuit with a parallel connected
active-inductive resistance - a biased load.
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