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Abstract. The article provides an overview of the capabilities of a linear control transformer use. During the use
of transformer nodes, the indicator mode changes, namely the network diagram, the load of the nodes and the
composition of the generating equipment. Therefore, the regulation of voltage and reactive power in accordance with
the planned schedules does not give the economic effect that can be achieved with the operational and automatic
control of regulating devices (i.e. generators, synchronous compensators, transformers, etc.). It is necessary to
regulate voltage in order to ensure the required technical and economic indicators of the operating modes of electrical
networks. The function of a linear transformer is to regulate and maintain the supplied voltage at various points in
the network. Linear devices change the circuit parameters of the network — transformation ratios, reactance. These
are transformers, autotransformers with voltage regulation devices under load (OLTC), special control transformers,
capacitor units for longitudinal compensation of the inductive resistance of the network. The main technical measures
to improve the quality of electricity are considered. The issue of voltage regulation is discussed in detail.
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transformer.

Introduction

It is necessary to regulate the voltage in order to
ensure the required technical and economic indicators
of the operating modes of electrical networks. For
different electrical networks, the purpose of voltage
regulation varies. The main function of voltage
regulation is to maintain voltage deviations within
the limits established by GOST 13109-97 to ensure
high-quality electricity. Currently, power systems use
various devices to maintain the voltage regime, these
are: generators of power plants, transformers with a
load-controlled transformation ratio, capacitor banks,
reactors, synchronous compensators and static valve
sources of reactive power. Considering that most
of these equipment are technically outdated, they
cannot fully ensure the required voltage regulation
range. Construction of new facilities or reconstruction
of existing substations requires significant time and
capital investment. It becomes necessary to look for
other methods and means of voltage regulation.
In this case, transformers of the linear three-phase
transformer with natural circulation of oil and air,
adjustable under load type can be used as a means of
local voltage regulation.

According to Lin and Liu [1], electricity
consumption is a direct reflection of the conditions

of financial development in the economy. As it is
known, in the Republic of Kazakhstan, the pro-
duction of electrical energy is implemented by 138
power plants, where as of 01/01/2019 the installed
total capacity of power plants is 21,901.9 MW, and
the available capacity is 18,894.9 MW [2]. Control
transformers are essential in the power distribution
chain from the power plant to the consumers, as
voltage deviations negatively affect the operation of
induction motors (IM).

Linear transformers are installed in electrical
circuits in order to regulate the supplied voltage
when the operating power is reduced. The coils
create an electromagnetic field that discharges when
the current in the circuit decreases. Thus, the supply
of stable electricity is ensured [3].

Research methodology

For induction motors (IM), a voltage change of
10% can result in changes of starting, operating and
maximum torque by around 20% (see Table).

In addition, slip, efficiency, stator and rotor
current, etc. also change. The service life of the
motor insulation is thus cut in half. A 1% increase in
voltage contributes to an increase in reactive power
consumption by 3%. When installing IM in produc-



Paspen «ABTOMaTuKa. DHepretuka. IKT>» W

Changing the characteristics of an asynchronous electric motor due to voltage deviation from the nominal

Change in characteristic with voltage deviation, %

Motor characteristics

-10 +10
Starting and maximum torque -19 21
Synchronous speed const const
Slip,% 23 -17
Rotational speed at a rated load -1,5 1
Efficiency under load:
rated -2 1
75% Pr const const
50% Pr -1+2 12
Load power factor:
100% Pr 1 -3
75% Pr 2+3 -4
50% Pr 4+5 -5+-6
Rotor current at rated load 14 11
Stator current at rated load 10 -7
Starting current -10+-12 10-12
Winding temperature rise at rated load 5-6°C does not change

tion lines, due to changes in the speed of rotation of
the engine, productivity and quality may be affected.
During welding, the quality of the seam deteriorates
and the consumption of reactive energy increases [4].

Voltage oscillations increase the injury from the
illumination point of view, as the fatigue of people
is increasing dramatically. An increase in voltage
can shorten the life of lighting fixtures, so when
the voltage rises by 5%, it will halve the service life
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Figure 1 — Mechanical indicator of the motor at rated
(M1) and reduced (M2) voltages

of fixtures, and if it rises by 10%, the service life is
shortened by a factor of four. Decreasing the voltage
reduces the luminous flux, thereby worsening the
comfort conditions for people and may cause injury.

From the curves in Figure 2, it can be seen that,
with the decrease in voltage, the most noticeable
decrease is in the luminous flux. Accordingly,
with an increase in the voltage above the nominal,
the lamp power P, the luminous flux F and the
luminous efficiency h increase, but at the same time
the service life of the T lamps is drastically reduced
and contributes to a quick burnout and excessive
consumption of electricity [5].

Thus, in the case of voltage fluctuations, they
lead to changes in luminous flux and illumination,
thereby affecting labor productivity and human
fatigue. When the voltage is reduced, the operation
conditions of fluorescent lamps deteriorate, so that
their service life, determined by spraying the oxide
coating of the electrodes, is reduced at both negative
and positive voltage deviations. For example, when
the voltage fluctuates by 10%, the service life of
fluorescent lamps is reduced on average by 20-25%.

Furthermore, a lot of industrial equipment are
sensitive to voltage fluctuations. Valve converters
usually have a DC automatic control system by means
of phase control. With an increase in the voltage in the
network, the regulation angle automatically changes
in the direction of increase, and with a decrease in
the voltage, the opening angle to the load is not
fully supplied. It is necessary to take into account

the fact that with an increase in voltage by only 1%,
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Figure 2 — Dependences of the characteristics
of incandescent lamps on voltage:

1 - power consumption, 2 — luminous flux,
3 — luminous efficacy, 4 — service life

it contributes to an increase in the consumption of
reactive power by the converter by about 1-1.4%,
thereby deteriorating the power factor.

Experience has shown that a decrease in voltage
on electric arc furnaces, for example, by 7% leads
to an increase in the duration of the steel melting
process by 1.5 times and to an increase in electricity
consumption [5].

Voltage fluctuations negatively affect the
operation of electric welding machines: for instance,
for electric spot welding machines with a voltage
deviation of 15%, it contributes to obtaining 100%
product rejects [6].

Research findings

Considering the above, maintaining the
required voltage level is becoming a very important
component of power supply systems, which makes
the development of linear control transformers
topical.

Research and development of linear regulating
transformers has been going on since the middle of
the last century. The research was based on changes
in the quality characteristics of transformers: size,

winding material, design, etc.

Federal State Budgetary Educational Institution
of Higher Professional Education «Rostov State Tran-
sport University» (RSTU), a science and research
unit (SRU), has patented the design of a regulated
transformer [7]. The aim of the work is to reduce the
no-load loss and increase the efficiency of the linear
control transformer by changing the magnetic fluid
in the cores of the magnetic circuit.

In 1997, an adjustable transformer with a
reduced space occupied by the regulating windings
was patented in the USA [8]. The objective of the
invention was to create a transformer with compact
control windings. This task was achieved by using
a flexible conductor with a mechanism containing
an electric field. A flexible conductor presents itself
as a flexible cable for even distribution of electricity.
The flexible cable has a conductive core and a first
semiconductive layer around the core. A solid
insulating layer around the first semiconducting
layer and the second semiconducting layer around
the insulating layer. Provided that the second
semiconducting layer is grounded, the cable has the
ability to accommodate the electric field generated by
the current in the conductive core. Thus, the electric
voltage is absorbed in the solid insulation of the
cable, and there is practically no electric field outside
the second semiconducting layer, which makes it
possible to increase the efficiency of the transformer.

Since 1975, research has been carried out in the
field of using various insulating materials to improve
the efficiency of controlled transformers, reduce no-
load losses and increase dielectric strength [9, 10].
The development of more efficient transformers is
the main focus of research in the field of electrical
engineering; they improve the quality of electricity
[11,12].

In recent times, there has been a growing interest
in the automation of equipment and the development
of automatic adjustable transformers. Members of
the international non-profit association of specialists
in the field of technology, development of standards
for radio electronics, electrical engineering and
hardware of computing systems and networks,
Xu, Dominguez-Garcia and Sauer [13] proposed
an algorithm for calculating the optimal setting of
transformer voltage regulation taps. Thus, without
changing the structure, design and materials of
transformers (winding, core) only by selecting certain
conditions without developing a prototype, it is
possible to virtually simulate.

Conclusion

Nonetheless, the Republic of Kazakhstan lags
behind both the world community and the CIS
countries, in the development of standards for
the quality of electrical energy in general-purpose
power supply systems (GOST 13109-97), as well
as in the development of general-purpose oil type
power transformers with voltages up to 35 kV
inclusive (GOST 11920-93). The latest updates to
GOST regarding the power quality standard were



introduced in 2013, but Kazakhstan had not yet signed
the interstate standard. Quality standards for oil type
power transformers have not been updated since
the early 90's. However, the requirements for both
the quality of electrical energy and the transformers
themselves have been raised around the world.

One of the tasks of great significance in the pro-
duction and operation of transformers is to increase
the efficiency of operation of the device, i.e. reduction
of idling losses. There are several ways to reduce
losses in steel:

1. Decrease in the magnitude of the magnetic
flux. However, this method is not acceptable, since
it requires more copper wires to create an EMF
(electromotive force).

2. The use of electrical steel, which has high
resistance and low hysteresis losses.

3. The use of thin plates for the manufacture of
the magnetic system. This will significantly reduce
eddy current losses.

4. Use of structures of magnetic cores with oblique
joints of plates according to the STEP-LAP scheme.

5. Automation of the process of cutting and
blending of the magnetic circuit in order to reduce
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additional losses.

Taking into account the above advantages, to
improve the quality of electricity and the efficient
operation of transformers, to reduce no-load losses,
jointly with the «Kentau Transformer Plant» JSC and
«TRENCO R&D» LLP, work is being carried out to
develop a linear regulating transformer of the LTMN
16000/10 type.

The advantage of the LTMN 16000/10 type
transformer over the power transformer is in the
increase of the voltage regulation limit to save
electricity via introduction of additional voltage into
the main winding of the transformer itself.

In conventional power transformers the windings
of the primary and secondary voltage are placed
in one common active part, however the LTMN-
16000/10 transformer will consist of two separate
active parts placed in one common tank:

the active part of the series transformer (with
series and exciting windings) and the active part
of the autotransformer (with a regulating winding
and an on-load voltage control device (OLTC)),
connection between which is carried out through the
tap changer.
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3nekmp canacbliH apmmeolpy Ke3i pemiHde kepHeydi pemmey
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AHOamna. MaKanada cbi3biIKmblK pemmey mpaHCcEhopMamopbiH Koa0aHy MyMKiHOiei mypanel wony 6epinzeH. TpaHc-
gopmamopsbik myliiHOepdi KondaHy KeziH0e UHOUKaMOopsblK pexcum e32epedi, aman alimKaHoa xceninik duazpamma,
myliHOepOiH #yKkmemeci, 2eHepamopbiK #ab0bIKMbiH KypamMsl. COHObIKMAH HOCNApsbl Kecmesepze calikec KepHey
MeH peakmusmi Kyammel pemmelimiH pemmeywi Kypblafrolaaposl (AFHU eeHepamopaapobl, CUHXPOHObI KOMIEeHCamop-
71ap0bl, MpaHcopmamopnaposbl HaHe m.b.) weden #aHe asmomammesl 6ACKapy KesiHOe Kosa xemkisyze 601amoiH
3KOHOMUKQbIK Hamuxce bepmelioi. Inekmp xceninepiHin HYyMbiC percumoepiHiH, Kaxemmi mexHUKAbiK-3KOHOMUKQ-
7bIK KepcemKiwmepiH KaMmamacsi3 emy ywiH KkepHeyoi pemmey Kaxcem. Cbi3blIKMblK MPAHCGHOpMamopOobiH, hyHKUYU-
ACbI-XeNiHiK apmypni HykmesnepiHoe bepinzeH kepHeydi pemmey #caHe ycman mypy. Cbi3bIKMbIK KYPbIAFbIAAP HeMiHiH
mizbek napamempnepiH — MpaHcopmayus KoagpguyueHmmepi meH peakmusmi kedepeinepdi ezeepmedi. Onap:
mpaHcopmamopnap, ¥ykmeme acmelHOa KepHeyoi pemmey Kypolarslaapel 6ap asmompaHcgopmamopaap, apHaliel
pemmey mpaHchopmamopaapsl, #eniHiH UHOykmusmi kedepaiciH 60linblKk emeyae apHAAFAH KOHOEHCAMOP/bIK KOH-
ObipFblaap. neKmp SHeP2UACbIHbIH CAnacsbiH apmmeolpyFa MyMKIHOIK bepemiH Hezi32i mexHUKanblK ic-wapanap Kapan-
Obl. KepHeydi pemmey maceneci e2xceli-meaxcelini Kapanosl.

Kinm ce30ep: snekmp sHepausHbIH canacel, 3Hep20muimoiniK, Cbi3bIKMbIK pemmeziu mpaHcghopmamop, ACUHXPOHObI
Ko3fFanmkbsiwmap, natidansl acep KoagguyueHmi, mpaHcgopmamop.

Pe2ynupoeaHue HaANpAXeHUa KaK UCmoYHUK 0715 noseblweHUs Kayecmea 71eKmpo3Hepauu
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AHHOmMayus. B cmamee npusedeH 0630p 0 803MOHHOCMU NMPUMEHEeHUs UHeliH020 pe2ysupo8oYH020 MPAHCHOPMA-
mopa. Bo epems ucnonb308aHUA MpPaHchopMamopHbIX Y3108 MPOUCX00Um U3MeHeHUEe PeXUMda NoKasamess, d UMeH-
HO cxeMa cemu, Hazpy3Ku y3/108, cocmas eeHepupyrouje2o 0bopyodosaHus. [1osmomy peayanuposaHue HanpsaxeHus u
peakmugHoli MOWHOCMU 8 COOMBEMCMEBUU C MAAHOBbIMU 2PAUKAMU He ddem mo20 3KOHOMUYECKo20 ahgekma,
KOMOop020 MOXHO 00CMUYb Mpu 0NnepamusHOM U a8mMoMamuyecKkomM yrnpasaeHuu peayaupyrouumu ycmpolicmeamu
(m.e. eeHepamMopamu, CUHXPOHHbLIMU KOMIEHCamopamu, mpaHcghopmamopamu u m.o.). [na obecneyeHus mpebye-
MbIX MexHUKO-3KOHOMUYeCKUX rnokazamesel pexcumos pabomsi anekmpuyeckux cemeli Heobxo0uMo pezysnuposame
HanpsxeHue. QyHkyuel nuHeliHO20 MPaHCHopMamopa A6A9emca peayauposaHue u noddepxaHue nooasaemo2o
HAnpsAxXeHus 8 pasau4yHbIX moYykax cemu. J/luHeliHble ycmpolicmea U3MEHAOM CXxeMHble Mapamempsl cemu — Ko3g-
huyueHMsl MpaHcHOPMayuU, peaKkmusHoe conpomussaeHue. 3mo — mpaHcghopmamopsl, a8MoMpPaHcGhopMamopel ¢
ycmpolicmeamu peaynuposaHusa HanpaxeHus (PIMTH) nod Hazpy3kol, cneyuansbHele pe2ynupo8oyHble mpaHCGhopmMamo-
pbl, KOHOEHCamOopHble yCMAHOBKU 0714 MP0o00sbHOU KoMIeHcayuu UHOYKMUBHO20 corpomusaeHus cemu. Paccmompe-
Hbl OCHOBHbIE MEXHUYECKUE MePONpUAMUs, M038070WUe rMosbICUMb KaYecmaso 3nekmposHepauu. [TodpobHo paccmo-
mpeH 80Mpoc pezyaupo8aHuUs HAMPAXeHUs.

Kntouesble cn08a: Kauecmeo snekmpudeckoli SHepauu, SHepP203hhekmusHOCMs, AuHeliHbIl pe2y1upo8oYHbIl mpaHc-
chopmamop, acuHXpoHHble dsu2amesu, KO3ghguyueHm nosneszHo2o delicmeus, mpaHchopmamop.
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