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DEVELOPMENT AND RESEARCH OF A FREQUENCY
CONVERTER WITH INTELLIGENT CONTROL
SYSTEM WITH INDUCTION HEATER

Abstract. The article has a frequency converter for induction heating of metal. Induction heating is a
technology with low cost, high efficiency, low weight and dimensions, it provides a wide range of frequency control
of the converter, the choice of the minimum number of power transistors, the establishment of the minimum power.
Experienced frequency and inductance converters for metal and wort are designed and manufactured in the work.
Experimental studies and tests of a prototype frequency converter were carried out. The issues of using the developed
models and methods for controlling induction heating are considered.

Frequency converters are known where transformers are used to reduce voltages. The task is to create such a
frequency converter, where the number of transistor modules would be minimum, and the step-down transformer
would have the lowest overall dimensions.

An experimental model of a frequency converter and inductor with a power of 6 kW with a frequency of 2 to
20 kHz was developed and manufactured with power supply from one or three-phase voltage. Experimental studies
and tests of a prototype frequency converter for induction heating of metal in real conditions were carried out.

In the development of technical documentation for the manufacture of a laboratory sample of the frequency
converter and the selection of transistor JGBT modules, the main attention was paid to the topology of the power
buses of the module and how to connect electrical circuits and remove heat. Even with the most advanced chips, the
design of powerful key modules is extremely important to ensure reliability and efficiency. Distributed conductivity
characteristics and parasitic inductance values of communication buses and terminals should have a minimum value
to reduce losses and reduce the level of transient overvoltages.

For a more complete analysis, modeling was performed in the environment of MatLab R12 v.6.0, this package
is intended for solving mathematical calculations of any complexity, for professional analysis and modeling of
processes in electrical and electronic circuits, static processing of measurement results and experiments, as well as
building Charts. In the simulation we used the Simulink Library Browzers library, as well as SimPowerSystems.

Key words: frequency converters, induction heater, transistor module, triacs, three-phase rectifier, inverter.

Introduction. Frequency converters (FC) for induction heating of metal consist of IGBT or
MOSFET transistor modules connected in a specific configuration with control drivers. At the same time,
they have protection against short circuit currents, overloads and protection against excessive
temperatures. Currently, the use of inverters for induction heating of metal in the industry of Kazakhstan is
practically absent, since the unit cost of existing foreign analogues is very high, so their mass introduction
is unprofitable. You should develop yourtechnology with low cost, high efficiency, low weight and size.

Frequency converters can be used in the following technologies:

- for induction heating of metals for stamping,

- for melting metals in induction melting crucible furnaces,

- for induction heating of metals for the purpose ofhot volume hardening,

- for induction heating of oil in pipelines and tanks,

151


https://doi.org/10.32014/2020.2518-170X.66
mailto:isembergenov@mail.ru
mailto:sagyndikova_aigul@mail.ru

N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

- for induction drying of grain, heating of liquid media, drying of wood and coatings and the
production of milk powder [1,3,7,12].

The main objectives and goals are to create an inverter production technology, which should: provide
the required frequency control range for the inverter, select the minimum number of power transistors,
have high efficiency and low prices, minimum installed power of the entire inverter or its individual
elements with the same given parameters of heating technology.

Research of a frequency converter with an intelligent control system with an induction heater.
Frequency converters are known where transformers are used to reduce voltages. The task is to create such
a frequency converter, where the number of transistor modules would be minimum, and the step-down
transformer would have the lowest overall dimensions. The electrical circuit of a frequency converter on
two transistors with a single-phase power supply for an induction heater is shown in figure 1, consisting of
blocks: a block 1-inputtriacs, a block 2-three-phase rectifier, a block 3-inverter [5,6].

Figure 1- The electrical circuit of the frequency converter of the induction heater with single-phase power

A feature ofthe inverter is that it is made on two transistors. The inverter direct voltage is converted
to alternating voltage of high intermediate frequency fn (figure 1). Further, from the moment oftime t = 0,
one of the two thyristors T-pl opens, and the rectified one-half-voltage of a given frequency fn falls into
the load, and atthe time t = T / 2 the firstthyristor T-pl closes.

To form a negative half-wave of the output voltage from the timet =T/ 2to t = T, the second
thyristor T-p2 opens, and the rectified voltage of high intermediate frequency gets into the load and at the
time t = T the thyristor T- P2 closes. This forms a negative half-wave of the output voltage. The thyristor
control unit in the time interval t = 0 - T will adjust the frequency of the voltage at the load to the desired
value [1,7].

Thus, the voltage at the output ofthe transformerless inverter has the form of a rectified sinusoid,
consisting of single-period rectified high-frequency voltages and this frequency of the voltage at the load
will be equal to

f=-n, 1)

where fn- is the intermediate frequency at the inverter output, n is the number of rectified voltage periods
ofthe intermediate frequency.

As can be seen from the last expression, the formation of voltage on a given load occurs from
rectified high-frequency voltages.

For example, with an intermediate frequency at the inverter output fn = 20,000 Hz and with the
number of straightened periods n = 40, the frequency ofthe voltage at the load will be

f 20000
f= = = 500 Hz. )
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Figure 2 shows the electric circuit of the frequency converter of the induction heater with three-phase
power supply. The three-phase rectifier of block 2 is designed to convert AC voltage to DC, and the
inverter converts direct current into alternating voltage of high frequency [5].

Figure 2 - Electric circuit of the frequency converter of induction heater with three-phase power supply

The inductor is designed to convert high frequency electrical energy into heat energy, and the
transformer lowers the voltage to the required value. The rectifier and inverter are presented as a
frequency converter. The output transformer is used to coordinate the parameters of the inductor with the
workpiece with the parameters of the high-frequency inverter, while the overall dimensions of the
transformer are reduced several times.

Input triacs Ci, C2 C3of block 1 are made not only for the non-contact inclusion of the frequency
converter in the network, but also for regulating the input voltage. The fact is that during operation of the
induction heater, every few minutes it is necessary to disconnect the frequency converter from the mains,
since the heated metal (billet) should be removed from the inductor and transferred for stamping. Next,
insert the new blank into the inductor and turn on the frequency converter in the network. The half-bridge
inverter of block 3, formed on IGBT transistors T1 and T2 (figure 1), is connected to a DC voltage source,
capacitors Cn (lower and upper) are designed to separate the supply voltage into two equal parts. The
capacitor Cn in the inverter output circuit is made to improve the quality ofthe output voltage and in order
to achieve a consistent resonance.

In addition, in block 3, for the formation of a positive half-period ofvoltage at the inverter output, the
transistor T1 opens, and the transistor T2 is closed, while the constant current from the voltage source will
flow through the transistor T1 and the primary winding of the transformer. To form a negative half-period
at the inverter output, the transistor T2 opens, and the transistor T1 closes, and a constant current from the
voltage source will flow through transistors T2 and the primary winding of the transformer in the opposite
direction.

Thus, a step voltage is generated at the inverter output. It should be noted that the frequency of the
step voltage on the inductor is determined by the switching frequency oftransistors and can reach tens of
kilohertz. This mode of operation of the inverter with a minimum number of power transistors will
increase the frequency range of the current at the inductor and improve their energy performance, as well
as increase reliability and reduce the cost of equipment.

The bridge circuit of a three-phase rectifier of block 2 is connected to the triac output (figure 1). As
you know, the bridge circuit of a three-phase rectifier provides the least ripple output voltage. In the
bridge circuit of a three-phase rectifier, uncontrolled diodesnopen afterwards with a shift of 60 °, and the

Di, D3 n D5 diodes open in positive and the D6,D2 u D4diodes open in negative half-periods of phase

stresses. The conduction interval of each diode is 120 °, at each moment of time two diodes are open (one
in the bridge arm) and the voltage across the load is determined by the phase voltage difference, i.e.,
whether -neine voltage. The average value of the voltage at the load with a sinusoidal mains voltage has
the following form,

U, =-——- u, sin—<rosa = 1,35U,,rosa = 2.34U,, rosa 3)
b

X m 6 n by

where n n=n/3ng is the effective value ofthe linear voltage ofthe secondary winding ofthe transformer.

153



N E WS ofthe Academy ofSciences ofthe Republic ofKazakhstan

Test results of the manufactured experimental sample of the frequency converter and inductor,
data processing. An experimental model of a frequency converter and inductor with a power of 6 kW
with a frequency of 2 to 20 kHz was developed and manufactured with power supply from one or three-
phase voltage. Experimental studies and tests of a prototype frequency converter for induction heating of
metal in real conditions were carried out.

Figure 3 shows the process of induction heating of a metal billet with a diameter of 44 mm and a
length of 80 mm. At the beginning of the induction heating process, the metal did not heat up uniformly,
i.e. in the middle of the workpiece, the temperature was lower than at the edges. This meant that the
penetration depth of the electromagnetic wave is not significant, so you should choose a lower current
frequency, however, this will increase the heating time of the metal. The time of heating the metal with a
frequency converter to a temperature of 600-6500C was 3.5 minutes at a frequency of 8 kHz and at a
frequency of 10 kHz - 2.41 minutes (figure 4). At the same time, the transistors did not overheat, which is
required by the operating conditions.

Figure 3 - Induction heater during the test period

The test results showed that the created induction heater was operational, passed a successful test, and
the cooling system of the inductor was working properly. The process of induction heating of the metal
can be carried out to the desired temperature.

Figure 4 - The process of induction heating of metal to a temperature of 7310C

In the development of technical documentation for the manufacture of a laboratory sample of the
frequency converter and the selection of transistor JGBT modules, the main attention was paid to the
topology of the power buses of the module and how to connect electrical circuits and remove heat. Even
with the most advanced chips, the design of powerful key modules is extremely important to ensure
reliability and efficiency. Distributed conductivity characteristics and parasitic inductance values of
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communication buses and terminals should have a minimum value to reduce losses and reduce the level of
transient overvoltages.

Figure 5, 6 shows the waveform of the voltage at the inverter output without a capacitor in the
primary circuit of the transformer. As can be seen from the graph, the voltage waveform is oscillatory in
nature, which means that the transistors are in active mode. In this case, they will heat up and ultimately
fail. In order for the transistors to switch to the key mode, it is necessary to turn on the capacitor Cn in
series in the output circuit of the inverter, improve the quality of the output voltage and achieve a
consistent resonance.

—

\OTW immm Smm

Figure 5- Voltage waveform at Figure 6 - Waveform of the voltage at the output of the
inverter output without capacitor in inverter with a capacitor in the primary circuit of the
transformer primary circuit transformer

Figure 6 shows the waveform of the voltage at the inverter output with a capacitor in the primary
circuit of the transformer. As can be seen from the graph, the voltage at the inverter output has a
rectangular shape, which means that the transistors work in key mode, while they will not heat up. In
addition, by choosing experimentally the value of the capacitor Cn, it is possible not only to improve the
quality ofthe output voltage, but to achieve a consistent resonance. At resonance, the active power of the
inverter will be transferred to the inductor, i.e. blank for heating.

Induction heating of metal products is carried out using a special device called an inductor. When an
alternating current is passed through an inductor, a magnetic field appears around its wire, the intensity of
which periodically changes in time in magnitude and direction. The magnetic field strength, and,
consequently, the magnetic flux density - induction - will be greatest inside the coil of the inductor near
the wire.

If a metal cylinder is placed inside the inductor, then the alternating magnetic flux penetrating this
cylinder will cause the appearance of an induced current in it. The induced current due to the proximity
effect will be concentrated under the inductor wire, and its path will have an annular shape. The higher the
frequency of the current, the more current flows in the cylinder in a thinner layer, i.e. the stronger the
surface effect.

The main part of the inductor is an induction wire, the design of which largely determines the result
of heating. The heating time of each element of the surface of the cylinder passing under the induction
wire, the longer, the greater the width of the wire and the lower the speed of grain movement relative to
the inductor. Therefore, the concept of heating time (formula 3) of a cylindrical surface is similar to the
concept of heating time with a simultaneous heating method.

where £K - is the heating time of the cylindrical surface, s; a- is the width ofthe induction wire, cm; v- is

the speed of movement, cm / s.
The specific power on the surface ofthe cylinder covered by the inductor is calculated by the formula

(®)
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where “nu- is the total power of the frequency converter on the cylinder surface, kW; D2 ameter of the
part, see.

For a given power of the frequency converter for induction heating, we obtain the following relation
for determining the maximum width ofthe induction wire:

nD2p0’
or, expressing the power ofthe cylinder through the power ofthe frequency converter, we obtain
_ RTHTTpMY
nD2a (6)

where "y is the power of the frequency converter, kW; Jiu- the efficiency of the inductor; ~TP-
Efficiency of a step-down transformer.

On average, you can take f/Tp ~ 0.8. Then the width ofthe inductor (cm) will be

0,64PMH

a =
nD2p0"’

or

0,2Pm

a= 7
D2P0 )

Estimated values of the heating time and specific power depending on the depth of the heated layer,
diameter and frequency can be determined.

Since at a given depth of the heated layer, the heating time is a known quantity, the inductor width
can be determined by the formula

a= vtv (8)
In this case, the required power ofthe frequency converter (kW) based on the formula (8) is equal to
Pm = 5aD2p0 (8)

The current induced in the surface layers of the cylinder causes it to heat, and the surface temperature
and depth of heating depend on the power supplied to the inductor, the frequency and time of heating. On
the other hand, the width of the heating strip, its shape and uniformity of surface heating depend on the
shape ofthe inductor.

For example, figure 3 shows the developed transistor - thyristor frequency converter, which can be
used depending on the power and productivity of grain drying. The frequency converter operates as
follows. The temperature of the grain can be measured with thermometers. The remaining parts are
auxiliary, and their construction usually does not cause difficulties.

The bridge circuit of the inverter formed by transistors T1, T2, T3 and T4 (figure 2) is connected to
the first voltage source Un. At the time t1, transistors T1 and T4 open and direct current from the voltage
source Un will flow through transistors T1 and T4. This is the formation of a positive half-cycle of the
stepwise voltage at the load.

To form a negative half-cycle of the stepwise voltage on the load at time t1 + T / 2, where T is the
voltage period, transistors T2 and T3 open and the direct current from Un will flow through transistors
T2 and T3, in the opposite direction.

Thus, the formation of a negative half-cycle of voltage and step voltage at the load. It should be noted
that the frequency of the step voltage at the load is determined by the switching frequency of the
transistors and can reach up to hundreds of kilohertz [11].
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Figure 7 - Transistor-thyristor frequency converter with a higher frequency link for drying grain

Inverter direct voltage is converted into alternating voltage ofhigh intermediate frequency fn (figure 7).
Then, from the moment oftime t = 0, one T-pl oftwo thyristor rectifiers opens, and the rectified two-half-
voltage of a given frequency fout falls into the load, and at the time oft = T / 2, the first thyristor rectifier
T-pl closes [16,17].

To form a negative half-wave of the output voltage from the time t = T/ 2 to t = T, the second
thyristor rectifier T-p2 opens, and the rectified voltage of a high intermediate frequency gets into the load
and at the time t = T the second thyristor rectifier T-p2 closes. This forms a negative half-wave of the
output voltage. The thyristor control unit in the time interval t = 0 - T will adjust the frequency of the
voltage at the load to a predetermined value. The advantage ofthis circuit is that the output voltage will be
twice as high as in the first case (figure 7), since there is a two-half-wave voltage rectification circuit.

For a more complete analysis, modeling was performed in the environment of MatLab R12 v.6.0, this
package is intended for solving mathematical calculations of any complexity, for professional analysis and
modeling of processes in electrical and electronic circuits, static processing of measurement results and
experiments, as well as building Charts. In the simulation we used the Simulink Library Browzers library,
as well as SimPowerSystems. Figure 8 shows a simulation circuit of a transistor - thyristor inverter with a
purely active load. The simulation results are shown in figure 9 with a net active load. As can be seen from
the figure, with a net active load, the voltage and current in the load have a clearly defined graph. The
principle of operation of a transistor - thyristor frequency converter with a half-wave voltage rectification
circuit is confirmed.

Figure 8 - Simulation scheme of transistor - thyristor frequency converter
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Figure 9 - Results of simulation of a frequency converter under active load

An alternating voltage was applied to the input of the frequency converter. Formation of the voltage
form at the inverter input is carried out by dividing into several steps with different voltage levels, and
program-controlled switching time. The transistor inverter was assembled by a bridge circuit. The bridge
circuit consists of four transistors (figure 7). At certain points in time, at each stage it is necessary to
switch a pair of transistors to form a positive and negative half-wave of a sinusoidal voltage. The
switching mode of the transistors is organized in such a way as to exclude a short circuit of voltage
sources.

Conclusion. SKYPER 52 drivers will be used in transistor frequency converters of induction heating,
which is the conversion of a low-current logic controller signal into a gate control signal, the power of
which should be sufficient for quick recharging of IGBT shutter capacities. Since the power switches
operate at voltages significantly exceeding the potentials of the controller signals, the gate control device
must carry out a high-voltage level shift or galvanic isolation of control pulses and pulses arriving at the
gates. In addition, the modern SKYPER 52 drivers contain numerous protective and service functions
necessary for IGBT uptime in all operating modes, including emergency.

H. T. NcembepreHosl, A. XX. CarbiHgnkoBa2, . ackanos3

1Satbayev University, Anmatel, KasakcTaH;
X ymapbek [aykeeB aTbiHAarbl AfMaThl 3HEPreTnKa X3aHe 6aiinaHbic yHUBepcuteT Anmartbl, KasaxcTaH;
3AHren KbHueB aTbiHfarbl Pyce yHuBepcutet” Pyce, Bonrapus

TBMEHM OHALPY ¥H,TbIMANAPBIHAA M¥HAW LibI3AbIPY Abl, MHAYKUNANBIK; 31C1

AHHOTaunsa. Makanafia TeMeHN eHAipy yurbiManapbliHia MyHaid Kbi3gblpyabll, MHAYKUMANbLY 34ici KapacTbl-
pbinagbl. ON YWiH MHAYKUMANBLIK KbI3AbIPTbILW MEH XULWK TYPAeHAIPrilw nainganaHygbl ycbiHagsl. 1-1,5 Ky TOK
XMW N KesiHAae UHAYKUMANBIK KbI3AbIPrblll XX3HE WHBEPTOP XWUIiNiK TYPAEHAIPrilwi MyHai yurbimacbiHbIL, TY6iHAE
OpHaTblybl MyMLUH. VIHBepTOp 61p MbIL BONLTKE AeWH KepHey, XY3aereH aMmnep XaHe oHfaraH KunosatT Kyat
TOrbl KOMMYTaumMsAnaiTelH JGBT TpaH3UCTOP/bIK MOAYNALMANapAa OpbliHAanaab!.

MyHaliabl XbINbITy YLUiH LWIArbiH, KbI3MET KepceTyre biLrainbiibiK MNeH ap3aH 3MeKTP 3HEPrusachl 601TaH Kesae
nainga 60naTblH 3N1EKTP XbINbITY KypPbIArbiiapbl KongaHblnagsl.

XYprisinreH 3epTTeynepfil, MakcaTbl - MyHaifbl KaXeTn TemnepaTtypara fellH XyMcanaTblH 3/1eKTp 3Hep-
rMsicbiH 6apblHWa TUiIMAI NainganaHa oTbIpbin, awblK OTThl (NeL, XXaHaprbl) KongaH6ai, Xblay 3neKTp Kbi34bIprbiw
acnantapbliHCcbI3 (TEN) xaHe M3K 60-80% acnaiTbiH Xbly aiMacTbIprbill KYpblArbinapabl KONAaHYCbI3 Kbi3bIpy.
Byn MHAYKUMANBIK KbI3AbIPY 34iCiH NaiganaHy 6apbicbiHAa XY3ere acbipbliajbl.

VIHOYKUMANBIK KbI3AbIPY TEXHOMOTMAMBLIK XabablKTbl (MyHall Ky6blpbl, Ky6blp, CbIAbIMAbINbIK X3He T.6.)
XbIIbITY, CYiblK OpTaHbl KbI3fblpy, MaTepuangapibil (Mbicanbl, Cypek) XabblHbiH KenTipy YLiH KonjaHblnagbl.
VIHAYKUMSANBIK KbI3AblpY KOHAIPTbIAapbIHbIL, Malbi3gbl napameTpi - Xuinik. Ip6ip Yaepicke Y34iK TEXHONOTMANbIK
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XK3HEe SKOHOMMKa/bLL, KepceTwIUTepAl KamMTamachl3 eTeTwW OuTalifbl XKWWK Avnana3oHbl 6ap. VHAYKUMsAbL,
KbI3ablpy YLWiH 50 u-TeH S5Mru-Ke feLHN X UL K KongaHblnagbl.

MyHaii eHZipyai ynraiTy YLWiH MyHain XbInbITyfbl XY3ere acblpy KaxeT. byn KenTereH MyHali eHAipyLui
KOMMaHuanapaa maubl3bl 3pi XKaH XakTbl Macene 60/binN caHanafbl. XXbUibITY YLWiH cy Oybl, bICTbIK CY, bICTbIK a3
XK3HEe MyHaii emepy 3M1eKTP 3HEpPruschl ChiHAbI TYPAI XblTy TackiMangarbiitap KongaHbiiagsl. XKorapbl Xbiy
Mesiluepi MeH Xblny 6epriwwi 6ap, >aii raHa TacbiManfaHaTblH XK3He epT Kayll XXOK Cy Oybl Ken KondaHbliafbl.
MyHaii ewumw 80-100°C peltiH Kbi3gpipbin, 0,3 - 0,4 MIMa KbicbIMAarb! KaHbIKKaH 0y Abl NainganaHagbl.

MyHail yurbimanapbiHgarsl MyHaiAbl Kbl3gblpyAbll, MyHAali Tacini  JlaTblH AMepukacbl engepiHge
KonfaHblnagbl. 3AeOMeTTep MeH KyXaTTamaHbl Loy 3pi Tangay >XyMbiCTapbl KepCeTKeHAEN, >KbINbITKbIWTbIL
LIeTenaX KOHCTPYKLUMACLIHbIL, Y/ECTiK KyHbl eTe orapbl. OcbiraH 6aiinaHbiCTbl KasakcTaHfa weTengik eHgipic
XKbITbITKbIWbIH  €Hri3reH TWIMCi3 caHanafgbl, enTKew eTeniMAinik MepsiMi OH Xbinra >xeteg” CoHAbIKTaH
NHAYKUMANBIK JKbUIbITKbIWbIH 3KOHOMMKANbIK KarblHaH TuiMai 60naTbiH  e3iHe T3H 33ipnemenep HerisiHge
XKeTINZipy KaXeT. DNeKTP SHeprusachbIHbIL, KyHbl WeTeneri aNeKTp aHePruAChIHbIL, KYHbIMEH CanbICTbipraHia TemeH
6onraH arpanga, coHpgan-ak 6YKiN KOHAbIPrbiHbIL YNECTIK KyHbIH TeMeHAeTy, WMHAYKUUAMBLIK KbIAbITKbIWThI
33ipney X3aHe eHN3y e3eKTi Macene 60/bIN caHanagb!.

TexHUKaNnbIK KyaTTaMaHbl 33ipfey KesiHge >XWinik TYpReHgipriwiniy, 3epTxaHanblk YArICiH >Kacay >X3He
TpaH3nucTopnbik JGBT Mofynbaephi Taujay KesiHge 6acTbl Hazap MoAy/bAil, KYLWTIK WWHanapbliHbIL TOMNOAOIMS-
CblHa XK3He 3/eKTp N36eKTepLl KOCY >X3He Xbiyabl 6ypy TacingepiHe aygapbingbl. Kasipri 3amaHrbl ymntepgi
KONJaHraHaa fa KyaTTbl Heri3ri Mogynbaepgil, KOHCTPYKUMACH CETM AL K NeH TUIMAINIKTI KaMTamachI3 eTyje eTe
Maupbi3abl. BainaHbiC WWHanapbl MEH LWbIrapblaraH eTKI3rilWTIiriHiL 6eniHreH cunatTamacbl MeH napasvMThk
WHAYKTUBTIAIFIHIL M3HI biCbIpanTbl a3aTy MeH aybichanbl KepHeyil, apTy AeureiiH TeMeHaeTy YLiH a3 M3Hre une
60nybl TLLUC.

COHbIMEH KaTap, TaXipubenik >O0/IMeH C KOHAEHCATOPbIHbIL, M3HIH Taudaid OTbIpbIM, LWbIFY KepHeYiHil
canacblH )XaKkcapTbin KaHa KoiMaid, A3MeKTi pe3oHaHCKa Ko/ XeTw3yre 6onafbl. Pe3oHaHC KesiHAe MHBepPTOPAbIL,
6enceHAi KyaTbl MHAYKTOPra 6epinedi, ArHW Kbi3ablpy YLWiH faibiH 60onagpl.

TYWiH cesfep: MHAYKUMANBIK 34ic, TOK >uiniri, JGBT TpaH3MCTOPAbIK MOAYNbAEPY KepHeYy, KaxeTTi
TemnepaTypa.

H. T. NcembepreHosl, A. XX. CarbiHgnkoBaz2, . Jackanos3

1Satbayev University, Anmatbl, KasaxcTaH;
2ANMaTUHCKUIA YHUBEPCUTET 3HEPreTUKM 1 CBA3W UM. 'ymap6eka daykeeBa, AnmaTtbl, KasakcTaH;
3YHuBepcuteT Pycb AHren KaHues, Pyce, bonrapus

PASPABOTKA N NCCNEAOBAHWE MPEOBPA3OBATEJIA HACTOTbI
C UHTENNEKTYA/IbHOW CUCTEMOW YMPABNEHNA
CVNHAYKUNOHHBLIM HATPEBATEJ/IEM

AHHOTOUMA. B cTatbe paccmaTpuBaeTcs WMHAYKUMOHHBLIA Crnoco6 HarpeBa He(TU B HU3KOLEOUTHbIX
CKBaXWHax. [na 3TOro npefnaraldT MCNOMb30BaTb WHAYKLUUOHHLIA HarpeBaTe/ls U Npeo6pa3oBaTeslb 4acToThl.
MokasaHo, 4To Npu yactoTax Toka 1- 1,5 K[y MHAYKLUMOHHbIN HarpeBaTe/lb U MHBEPTOP-NPeobpa3oBaTe/ib YacTOThbl
MOTYT 6bITb YCTAHOB/IEHbI HA IHE HepTeCKBaXXWH. HBepTop 6yaeT BbinonHeH Ha JGBT TpaH3MCTOPHbIX MOAYNSX,
KOTOpble MOFYT KOMMYTUPOBaTb HANpPSOKEHUS [0 ThiCAYa BOMbT, TOKM - COTHM aMnep W [LECATKM KUIOBaTT
MOLLIHOCTM.

[ns nogorpeea HeTM UCMONL3YHOT 3/1EKTPOHArpeBaTe/ibHble YCTPOCTBA, KOTOPble pa3nMyaloTcs KOMMNak-
THOCTbIO, YA06CTBOM B 06CNY>KMUBAHUW U BbITOAON MPU HAMMUNW LeLLeBOR 3N1eKTPO3HEPT UK.

Llenb NpoBOAMMbBIX MCCNEefOBaHUI - HarpeB He()TM A0 HEO6XOAMMOI TemnepaTypbl, C MakCUManbHO 3ddek-
TUBHbIM MCMO/b30BaHUEM 3aTpayMBaeMOl 3NeKTPO3HEPruK, 6e3 NPUMEHEHNSI OTKPbLITOr0 OrHA (neyu, ropenku), 6e3
TENNIOBbIX 3/IEKTPOHArpeBaTeNibHbIX NpubopoB (TAHOB) 1 6e3 MCMonb30BaHUA Tenn006MEHHbIX ycTpolicTe, KM
KOTOPbIX He npeBbilwaeT 60-80%. 3TO BO3MOXHO MPU UCMONb30BAHNM UHAYKLMOHHOIO Cnocoba Harpesa.

VIHOYKUMOHHBIA HarpeB NpUMEHAIOT A5 060rpesa TeXHOOrMYeckoro obopyfosaHus (HehTenposoga, Tpy6o-
NpoBOfAa, €MKOCTW W T. [.), HarpeBa >XWAKWX Cpef, CYLUKW MOKPbITWA MaTepuanoB (Hanpumep, APEBECHHBI).
BaxHelLLMiA napaMeTp YCTaHOBOK MHAYKLMOHHOrO HarpeBa - 4acToTa. [l Kaxzoro npoiecca cyuiecTsyeT on-
TUMa/bHbIA AMana3oH YacToT, 06ecneunBatoLL il HanNyyLLIe TEXHONOTMYECKME N SKOHOMUYECKMe noKasaTenu. [Ans
WHAYKLMOHHOIO Harpesa MCNosb3yoT YacToTel oT 50l Ao 5Mru.

Lnsa yBennueHns fobbiun HeTM HEO6XOAMMO OCYLLECTBUTL MNOLOTPEB HEPTM. STO MHOrOrpaHHas u cepbesHas
npobnema A4ns MHOrMX HedhTeA06bIBaKOLWMX KOMNaHWiA. Ans 060rpeBa MCMONL3YHOT pasHble TENIOHOCUTENN: BOAS-
HOW Map, >XapKyl BOAY, Xapkue rasbl U HepTEeNnpoAyKThbl, 3MeKTPO3Hepruto. Haubonbliee NpuMeHeHUe uMeeT
BOASAHOI nap, 06nafaroLMii BbICOYAMLLMM TENNOCOAEPXKAHMEM M TEMN00TAAYEN, NPOCTO TPAHCMNOPTUPYEMbIN U He
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NpeACTaBNALWMNIA NOXaPHOA yrpo3bl. YMOTPe6AstOT HacbIWeHHbIA nap gasneHuem 0,3-0,4 MMa, obecneymsas
Harpes HeTenpogykTa go 80-100 °C.

Takol cnoco6 HarpeBa HeTM B He(TeCKBaXMHAX MPUMEHSeTCA B CTpaHax JlaTUHCKON Amepuku. Kak
nokasbiBaeT 0630p 1 aHaNn3 NUTepaTypbl, a TaKXe TEXHUYECKMEe AOKYMeHTauuK, yaenbHas CTOMMOCTb CYLLLEeCTBYIO-
WKUX 3apyBeXXHbIX KOHCTPYKLUMWIA HarpeBaTesiell O4YeHb BbiCOKa. B CBA3WM C 3TWMM, BHeApeHWe HarpeBaTefnei B
KasaxcTtaHe MHOCTPaHHOro MpOW3BOACTBA HEBLITOLHO, TaK KaK CPOK OKYMaeMoCTW [OCTUraeT OKO/0 [AecATW feT.
Moatomy cnepyet paspabaTbiBaTb CBOM MHAYKLNOHHbIE HArpeBaTe I Ha OCHOBe CO6CTBEHHbIX Pa3paboToK, KOTOpble
OyLyT 3KOHOMWYECKW BbIFOAHbI. YUWUTbIBAsA, YTO MPW HU3KOM CTOMMOCTU 3M1EKTPOSHEPTMU MO CPaBHEHWIO CO
CTOVMMOCTbIO 3M1EKTPO3HEPTUM 3a PYOEXOM, a TaKXKe CHUKEeHWe yAeNbHOW CTOMMOCTM BCEl yCTAHOBKM pa3paboTka
BHefpeHMe NHAYKUMOHHbIX HarpesaTeneil ABNseTCA akTyanbHON Nnpo6aeMoii.

Mpy pa3paboTke TEXHUYECKOW AOKYMEHTaLuW AN U3roToBfeHWs nabopaTopHoro obpasua npeobpasoBatens
4acToThbl M BblbOpe TPaH3UCTOPHbIX JGBT mMogyneil 0CHOBHOe BHUMaHWeE 6bIf0 YAeneHO TONOAOrMU CUOBbIX LUWH
MOZYNs U cnocobam MOAKMIOYEHWS 3MEKTPUYECKUX Lenei u oTBoja Tenna. [Jaxe Mpu MCMOMb30BaHUM CaMblX
COBPEMEHHBIX YMMOB KOHCTPYKLMS MOLLHbIX KIHOYEBbIX MOAYMel MMeeT 4pe3BblYaliHO 60/bLIOe 3HAYeHWe Ans
obecrneyeHns HaLeXHOCTU W 3NMEKTUBHOCTW. PacnpefeneHHble XapakTeEPUCTUKM MPOBOLUMOCTM U 3HaYeHus
NapasMTHbIX WHAYKTUBHOCTENA LUWMH CBS3M U BbIBOAOB LO/MKHbI UMeTb MUHMMANbHOE 3HauyeHWe AN YMeHbLUeHus
NOTEPb U CHKEHUS YPOBHS MEPEXOHbIX NepPeHaNpPHKEHNA.

Kpome Toro, nogbupas sKCrnepyMeHTaNbHbIA NyTeM 3HayeHMe KoHAeHcaTopa C MOXHO He TO/bKO YAYULINTb
KayecTBO BbIXOAHOrO HaMpsXKeHWs, HO M [J06UTLCA MOCNefoBaTeNIbHOr0 pe3oHaHca. [pu pe3oHaHCe aKTWBHas
MOLLHOCTb MHBEPTOpPa OyAeT NepefaBaTbCca MHAYKTOPY, T.e. 3ar0TOBKe A/11 Harpesa.

KnouyeBble cnoBa: WHAYKUWOHHBIA METOA, 4YacToTa TOKa, TPaH3UCTOpHble mMoaynu JGBT, HanpseHue,
Tpebyemas Temneparypa.
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