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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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ENERGY-EFFICIENT FREQUENCY CONVERTER
FOR INDUCTION HEATING

Abstract. This article considers an energy-efficient frequency converter for induction heating, which consists
of two power transistors, which increases the coefficient of performance and reduces the cost of the frequency con-
verter. This provides a high frequency of current from several kHz to hundreds of kHz. The operating principle of the
frequency converter is described.

Keywords: induction heating, frequency converter, transistor, energy efficiency and ECE.

Induction heating is a method of contactless heating of electrically conductive materials (metals) by
high-frequency currents of high power with the help of frequency converters, the efficiency of which does
not exceed 60-80%.

The purpose of the research is to develop a frequency converter for induction heating with the most
efficient use of energy consumed with high efficiency and low cost.

Induction heating is used to heat the technological equipment (oil pipeline, pipeline, tank, etc.),
heating the metal, fluids, desiccation of coatings, materials (e.g. wood) [1]. The most important parameter
of the induction heating installation is the frequency. For each process, there is an optimal frequency
range, which provides the best technological and economic indicators. The frequencies from 50 Hz to 5
MHz are used for induction heating of the metal.

The main device of the induction heater is a frequency converter, which consists of a rectifier and an
inverter. Depending on the power and frequency, the inverter is assembled from thyristors or transistors
[2,3].

Currently, frequency converters use power transistors, and inverters perform on four transistors,
which, with a high switching frequency of transistors and with large inductive load currents, increases the
frequency converter losses. This reduces efficiency and increases the ventilation power, which leads to a
significant increase in the mass-size dimensions of the frequency converter and a decrease in power in the
inductor.

The frequency converter for induction heating with the smallest number of transistors and high
efficiency is developed in the article, when it is connected to three-phase power supplies. Scientific
recency is the number of transistors reduction to two, which increases the efficiency, which results in
saving energy and reducing the cost of the frequency converter.

Figure 1 shows a scheme of frequency converters for induction heating. Frequency converter for
induction heating, contains two three-phase rectifiers, two switches on transistors, a high-frequency
transformer with two primary and one secondary winding and inductor (Fig. 1). The input of the frequency
converter is supplied with an alternating three-phase voltage, which is converted into two constant-voltage
sources by two three-phase rectifiers, one has a direct polarity and the other has a reverse polarity. These
two sources of direct voltage are turned on against each other (figure 1).

The three-phase rectifier 1 is connected to the first primary winding W; of the high-frequency
transformer through the first transistor switch T, and the second three-phase rectifier 2 is connected to the
second primary winding W, of the high-frequency transformer through the second transistor switch T, the
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Figure 1 — Diagram of the frequency converter on two JGBT transistors

secondary winding W of the transformer being connected to an inductor with a number of turns W, and,
and three-phase rectifiers are powered by a three-phase power supply.

Three-phase rectifiers convert the three-phase voltage into a constant voltage, and the transistor
switches T, and T, convert the DC voltage into an alternating single-phase voltage of the required fre-
quency fn. The transformer lowers the alternating voltage of the high frequency to the required value. The
secondary winding of the transformer is connected to the inductor.

The frequency converter for induction heating operates in the following way. The three-phase
rectifier 1 converts the three-phase voltage into a constant direct polarity voltage (figure 1), and the three-
phase rectifier 2 converts the three-phase voltage to a constant reverse polarity voltage, these sources
being interdependently connected to one another.

When switching on the transistor switch T, the DC voltage of the three-phase rectifier 1 is connected
to the first primary winding W, of the high-frequency transformer and the current flows through the
winding W, to the time tl (figure 2). Thus, a positive half-wave of the input voltage of the primary
winding W, of the high-frequency transformer is formed.

At time t1, the transistor switch T is turned off and the transistor switch T, is turned on. In this case,
the DC voltage of the three-phase rectifier 2 is connected to the second primary winding W, of the high-
frequency transformer and a reverse polarity current flows through the winding W, to the time instant t,
(figure 2). Thus, a negative half-wave of high-frequency transformer primary W, winding input voltage is
formed.

u(t)
Un
Figure 2 — t
Graph of the output voltage
of the frequency converter 0|ty |t
T




Becmuux Hayuonanwvhoii akademuu nayx Pecnyonruxu Kaszaxcman

The frequency of the frequency converter voltage for induction heating is determined by the known
formula:

1
fo = (1)

where T is the voltage period of the frequency converter.

It is known that at a high frequency of voltage, the weight and size dimensions of a high-frequency
transformer are reduced, so a frequency converter for induction heating of an oil pipeline will have low
weight and dimensions. In addition, the frequency converter is made on two transistors and the electrical
losses on the transistors will be less accordingly, which will lead to an increase in the efficiency of the
frequency converter, in comparison with the analogue and reducing the cost of the entire frequency
converter.

The core of the article is that an improved design of the frequency converter on two JGBT transistors
is proposed. At the same time, the design is simpler and more technological for the manufacture and can
be made for a specific case. In addition, the developed technology and design methods allow creating an
individual induction heater for a particular type of heating process [3].

In figure 1, the frequency converter is connected to the windings of the inductor inside, which is a
metal round billet. At the same time, high-frequency current flows through these windings of the inductor,
which forms a variable magnetic flux. The variable magnetic flux, crossing the metal walls of the metal,
according to the law of electromagnetic induction, induces in it an electromotive force, under the influence
of which, an alternating electric current will flow. This current will also heat the metal to the desired
temperature.

A prototype of a frequency converter was developed and manufactured. Figure 3 shows a prototype
of a frequency converter with a power of 6 kW at frequencies from 2 to 20 kHz. In the frequency
converter, the source is a three-phase 380 V power system, of industrial frequency. The frequency
converter is implemented on IGBT transistors. The control system is implemented on the logical elements
of the mathematical apparatus of the software complex. The rectifier was made on the basis of a bridge
with a six-pulse rectification circuit. To match the voltage and galvanic isolation, a double-wound high-
frequency power transformer was used.

= NEK_4760.JPG - lNporpamMma npocMoTpa 13obpaeriai 1 dhakcos

Figure 3 — Process of induction surface heating of metal with a 120 mm diameter at a frequency of 20 kHz
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The results of the experimental study showed that the prototype of the frequency converter works
stably, produces the specified technical characteristics. Figure 3 shows the process of induction surface
heating of a metal with a 120 mm diameter at a frequency of 20 kHz. This is done to show that the
frequency converter only heats the metal surface at a frequency of 20 kHz, with the heating temperature
reaching 800 degrees. It is not necessary to heat the oil pipeline to such a temperature, it is sufficient to
heat the oil to a temperature of 50 degrees.

It should be especially emphasized that the greatest use of electromagnetic energy will be if the
power factor of the inductor is close to one. This can be achieved if a compensating capacitor bank is
connected in parallel with the inductor. The compensating battery of capacitors and the inductor form a
loading oscillatory circuit in which the reactive energy stored in the magnetic field of the inductor is
transferred to the capacitors, passing into the energy of the electric field.

Thus, a frequency converter for induction heating must have an output frequency range within 2-20
kHz. The depth of induction field penetration in this frequency range is 2-5 mm, again depending on the
frequency. If further heating is required in the depth of the part, the heating time increases.
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SHEPTUSTHBIH UHAYKIMSIJIBIK KbI3ABIPYFA APHAJIFAH
SHEPTUSICBIHBIH TUIM/II CHTIATTAMACHI

AHHoTanms. Makanana KyaTTbl TPaH3HCTOPAAH TYPATbIH MHAYKUMSUIBIK KBI3ABIPY YIIIH 3HEPIUSHBI YHEM-
JIEUTIH KUUTIKT] TYPJICHIIPTill KapacThIPbUIa bl, OJ1 THIMIUIIKT apTThIPabl XKoHE JKUUIIKTI TYpJISHAIPTilITIH KYHbIH
teMeHzereni. byn Gipuere k['1 - xy3aeren kI 1-ke JEHiHTT TOK JXKUUIITIH KaMTaMachl3 ereii. KUtk TyprieHaipri-
IIHIH )KYMBIC TIPUHIIAII CUIIATTAJIFaH.
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