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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.

In tro d u c tio n . Frequency converters (FC) for induction heating o f  metal consist o f  IGBT or 
M OSFET transistor modules connected in a specific configuration with control drivers. A t the same time, 
they have protection against short circuit currents, overloads and protection against excessive 
temperatures. Currently, the use o f  inverters for induction heating o f  metal in the industry o f  Kazakhstan is 
practically absent, since the unit cost o f  existing foreign analogues is very high, so their mass introduction 
is unprofitable. You should develop your technology with low cost, high efficiency, low weight and size. 

Frequency converters can be used in the following technologies:
- for induction heating o f  metals for stamping,
- for melting metals in induction melting crucible furnaces,
- for induction heating o f  metals for the purpose o f  hot volume hardening,
- for induction heating o f  oil in pipelines and tanks,
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- for induction drying o f  grain, heating o f  liquid media, drying o f  wood and coatings and the 
production o f  m ilk pow der [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 num ber o f  pow er transistors, 
have high efficiency and low prices, m inimum installed pow er o f  the entire inverter or its individual 
elements with the same given parameters o f  heating technology.

R esearch  of a frequency  converte r w ith  an  in telligent contro l system  w ith  an  induction  hea te r. 
Frequency converters are known where transform ers are used to reduce voltages. The task is to create such 
a frequency converter, where the num ber o f  transistor modules would be minimum, and the step-down 
transform er would have the lowest overall dimensions. The electrical circuit o f  a frequency converter on 
two transistors with a single-phase pow er supply for an induction heater is shown in figure 1, consisting o f 
blocks: a block 1-input triacs, 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 o f  the inverter is that it is made on two transistors. The inverter direct voltage is converted 
to alternating voltage o f  high intermediate frequency fn  (figure 1). Further, from the mom ent o f  time t  = 0, 
one o f  the two thyristors T-p1 opens, and the rectified one-half-voltage o f  a given frequency fn  falls into 
the load, and at the time t  = T / 2 the first thyristor T-p1 closes.

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

Thus, the voltage at the output o f  the transform erless inverter has the form o f  a rectified sinusoid, 
consisting o f single-period rectified high-frequency voltages and this frequency o f  the voltage at the load 
will be equal to

f  =  - n , 
n

(1)

where fn- is the intermediate frequency at the inverter output, n is the num ber o f  rectified voltage periods 
o f  the intermediate frequency.

As can be seen from the last expression, the formation o f 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 
num ber o f  straightened periods n = 40, the frequency o f  the voltage at the load will be

f  2 0 0 0 0
f  =  = ----------=  5 00  Hz.

n  40
(2)
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Figure 2 shows the electric circuit o f  the frequency converter o f  the induction heater with three-phase 
pow er supply. The three-phase rectifier o f  block 2 is designed to convert A C voltage to DC, and the 
inverter converts direct current into alternating voltage o f 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 
transform er lowers the voltage to the required value. The rectifier and inverter are presented as a 
frequency converter. The output transform er is used to coordinate the parameters o f  the inductor with the 
workpiece with the parameters o f the high-frequency inverter, while the overall dimensions o f  the 
transform er are reduced several times.

Input triacs Ci, C2, C3 o f  block 1 are made not only for the non-contact inclusion o f  the frequency 
converter in the network, but also for regulating the input voltage. The fact is that during operation o f  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 o f  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 o f  the output voltage and in order 
to achieve a consistent resonance.

In addition, in block 3, for the formation o f a positive half-period o f  voltage 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 o f  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 o f the transform er in the opposite 
direction.

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

The bridge circuit o f  a three-phase rectifier o f  block 2 is connected to the triac output (figure 1). As 
you know, the bridge circuit o f  a three-phase rectifier provides the least ripple output voltage. In the 
bridge circuit o f  a three-phase rectifier, uncontrolled diodesnopen afterwards with a shift o f  60 °, and the 
Di, D3 и D5 diodes open in positive and the D6, D2 и D4 diodes open in negative half-periods o f  phase

stresses. The conduction interval o f  each diode is 120 °, at each mom ent o f  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 -ne ine  voltage. The average value o f  the voltage at the load with a sinusoidal mains voltage has 
the following form,

6л/2 ж
U „  = ------U„ sin—rosa = 1,35U„rosa = 2.34U,,,rosa

ср ж m 6 л ф
(3)

where и л =  л /3и ф is the effective value o f  the linear voltage o f  the secondary winding o f  the transformer.
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T est resu lts o f th e  m an u fac tu red  experim en tal sam ple o f th e  frequency  co n v e rte r an d  in d u cto r, 
d a ta  processing. An experimental model o f a frequency converter and inductor w ith a power o f 6 kW  
w ith a frequency o f 2 to 20 kHz was developed and m anufactured w ith power supply from  one or three- 
phase voltage. Experim ental studies and tests o f a  prototype frequency converter fo r induction heating o f 
metal in real conditions were carried out.

Figure 3  shows the process o f induction heating o f a  metal billet w ith a  diam eter o f 44 m m  and a 
length o f 80 mm. At the beginning o f the induction heating process, the metal did not heat up uniformly,
i.e. in the middle o f the workpiece, the temperature was low er than at the edges. This meant that the 
penetration depth o f the electromagnetic wave is not significant, so you should choose a  low er current 
frequency, however, this will increase the heating time o f the metal. The time o f heating the metal w ith a 
frequency converter to a temperature o f 600-6500С was 3.5 minutes at a frequency o f 8 kHz and at a 
frequency o f 10 kHz - 2.41 minutes (figure 4). At the same tim e, the transistors did not overheat, w hich 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 o f the inductor was working properly. The process o f induction heating o f the metal 
can be carried out to the desired temperature.

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

In  the development o f technical docum entation fo r the manufacture o f a  laboratory sample o f the 
frequency converter and the selection o f transistor JGBT modules, the m ain attention was paid to the 
topology o f the pow er buses o f the module and how to connect electrical circuits and remove heat. Even 
w ith the most advanced chips, the design o f powerful key modules is extremely important to ensure 
reliability and efficiency. D istributed conductivity characteristics and parasitic inductance values o f
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communication buses and term inals should have a minimum value to reduce losses and reduce the level o f 
transient overvoltages.

Figure 5, 6 shows the waveform o f  the voltage at the inverter output without a capacitor in the 
primary circuit o f  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 o f  the inverter, improve the quality o f  the output voltage and achieve a 
consistent resonance.

r—

\0тш immm Srnmm

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 o f the voltage at the inverter output with a capacitor in the primary 
circuit o f  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 o f  the capacitor Cn, it is possible not only to improve the 
quality o f the output voltage, but to achieve a consistent resonance. A t resonance, the active power o f  the 
inverter will be transferred to the inductor, i.e. blank for heating.

Induction heating o f  metal products is carried out using a special device called an inductor. W hen an 
alternating current is passed through an inductor, a m agnetic field appears around its wire, the intensity o f 
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 o f  the inductor near 
the wire.

I f  a metal cylinder is placed inside the inductor, then the alternating magnetic flux penetrating this 
cylinder will cause the appearance o f 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 o f  the current, the more current flows in the cylinder in a thinner layer, i.e. the stronger the 
surface effect.

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

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

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

(5)

Ш ИТI J L i
,*A*
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where ^пч- is the total pow er o f  the frequency converter on the cylinder surface, kW; D2 am eter o f  the 
part, see.

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

a  =
nD 2p0'

or, expressing the pow er o f the cylinder through the power o f  the frequency converter, we obtain

_ *7н*7тр^пч
a

n D 2a (6)

where ^пч is the power o f  the frequency converter, kW; Ли- the efficiency o f  the inductor; ^ TP- 
Efficiency o f  a step-down transformer.

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

0,64РПЧ
a =

n D 2p0 '

or

a =
0 ,2Pm  

D2P0
(7)

Estimated values o f  the heating time and specific pow er depending on the depth o f  the heated layer, 
diameter and frequency can be determined.

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

a  =  v t v (8)

In this case, the required power o f the frequency converter (kW) based on the formula (8) is equal to

Pm  = 5aD 2p 0 (8)

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

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

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

To form a negative half-cycle o f  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 o f  a negative half-cycle o f  voltage and step voltage at the load. It should be noted 
that the frequency o f  the step voltage at the load is determined by the switching frequency o f  the 
transistors and can reach up to hundreds o f  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 o f  high intermediate frequency fn (figure 7). 
Then, from the m om ent o f  time t  = 0, one T-p1 o f  two thyristor rectifiers opens, and the rectified tw o-half­
voltage o f  a  given frequency fout falls into the load, and at the time o f  t = T  / 2, the first thyristor rectifier 
T-p1 closes [16,17].

To form a  negative half-wave o f  the output voltage from the time t = T / 2  to t = T, the second 
thyristor rectifier T-p2 opens, and the rectified voltage o f  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 o f  the 
output voltage. The thyristor control unit in the time interval t  = 0 - T will adjust the frequency o f  the 
voltage at the load to a predetermined value. The advantage o f  this 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 perform ed in the environm ent o f  M atLab R12 v.6.0, this 
package is intended for solving mathematical calculations o f  any complexity, for professional analysis and 
modeling o f  processes in electrical and electronic circuits, static processing o f  measurem ent 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 o f 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 o f  operation o f  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 o f  the frequency converter. Formation o f  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 o f  four transistors (figure 7). A t certain points in time, at each stage it is necessary to 
switch a pair o f transistors to form a positive and negative half-wave o f  a sinusoidal voltage. The 
switching mode o f  the transistors is organized in such a way as to exclude a short circuit o f  voltage 
sources.

C onclusion. SKYPER 52 drivers will be used in transistor frequency converters o f  induction heating, 
which is the conversion o f  a low-current logic controller signal into a gate control signal, the power o f 
which should be sufficient for quick recharging o f  IGBT shutter capacities. Since the pow er switches 
operate at voltages significantly exceeding the potentials o f  the controller signals, the gate control device 
m ust carry out a high-voltage level shift or galvanic isolation o f  control pulses and pulses arriving at the 
gates. In addition, the m odern SKYPER 52 drivers contain numerous protective and service functions 
necessary for IGBT uptime in all operating modes, including emergency.
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Т в М Е Н П  0НД1РУ ¥Н,ГЫМАЛАРЫНДА М ¥НАЙ ЦЫЗДЫРУДЬЩ  ИНДУКЦИЯЛЫК; ЭД1С1

Аннотация. Макалада теменп eндiру уцгымаларында мунай кыздырудыц индукцияльщ эдiсi карасты- 
рылады. Ол Yшiн индукциялык кыздыргыш пен ж иш к тYрлендiргiш пайдалануды усынады. 1-1,5 кГц ток 
ж и ш п  кезiнде индукциялык кыздыргыш жэне инвертор жиiлiк тYрлендiргiшi мунай уцгымасыныц тYбiнде 
орнатылуы мумшн. Инвертор б1р мыц вольтке дешн кернеу, жYЗдеген ампер жэне ондаган киловатт куат 
тогы коммутациялайтын JGBT транзисторлык модуляцияларда орындалады.

Мунайды жылыту Yшiн шагын, кызмет керсетуге ыцгайлылык пен арзан электр энергиясы болтан кезде 
пайда болатын электр жылыту курылгылары колданылады.

ЖYргiзiлген зерттеулердiц максаты -  мунайды кажетп температурага дешн жумсалатын электр энер- 
гиясын барынша тиiмдi пайдалана отырып, ашык отты (пеш, жанаргы) колданбай, жылу электр кыздыргыш 
аспаптарынсыз (TEN) жэне ПЭК 60-80% аспайтын жылу алмастыргыш курылгыларды колданусыз кыздыру. 
Бул индукциялык кыздыру эдiсiн пайдалану барысында жYзеге асырылады.

Индукциялык кыздыру технологиялык жабдыкты (мунай кубыры, кубыр, сыйымдылык жэне т.б.) 
жылыту, суйык ортаны кыздыру, материалдардыц (мысалы, сурек) жабынын кептiру Yшiн колданылады. 
Индукциялык кыздыру кондыргыларыныц мацызды параметрi -  жиiлiк. Эрбiр Yдерiске Yздiк технологиялык
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жэне экономикальщ керсетшштерд1 камтамасыз ететш оцтайлы ж иш к диапазоны бар. Индукцияльщ 
кыздыру Yшiн 50Г ц-тен 5Мгц-ке дешнп жиш к колданылады.

Мунай ендiрудi улгайту Yшiн мунай жылытуды жYзеге асыру кажет. Бул кептеген мунай ендiрушi 
компанияларда мацызды эрi жан жакты мэселе болып саналады. Жылыту Yшiн су буы, ыстык су, ыстык газ 
жэне мунай ешмдеру электр энергиясы сынды тYрлi жылу тасымалдагыштар колданылады. Жогары жылу 
мелшерi мен жылу бергiшi бар, жай гана тасымалданатын жэне ерт кауш жок су буы кеп колданылады. 
Мунай ешмш 80-100°С дейiн кыздырып, 0,3 - 0,4 МПа кысымдагы каныккан буды пайдаланады.

Мунай уцгымаларындагы мунайды кыздырудыц мундай тэсiлi Латын Америкасы елдерiнде 
колданылады. Эдебиеттер мен кужаттаманы шолу эрi талдау жумыстары керсеткендей, жылыткыштыц 
шетелдж конструкциясыныц Yлестiк куны ете жогары. Осыган байланысты Казакстанда шетелдiк ендiрiс 
жылыткышын енгiзген тиiмсiз саналады, ейткеш етелiмдiлiк мерзiмi он жылга жетед^ Сондыктан 
индукциялык жылыткышын экономикалык жагынан тиiмдi болатын езiне тэн эзiрлемелер негiзiнде 
жетiлдiру кажет. Электр энергиясыныц куны шетелдегi электр энергиясыныц кунымен салыстырганда темен 
болган жагдайда, сондай-ак бYкiл кондыргыныц Yлестiк кунын темендету, индукциялык жылыткышты 
эзiрлеу жэне енпзу езектi мэселе болып саналады.

Техникалык кужаттаманы эзiрлеу кезiнде жиiлiк тYрлендiргiшiнiц зертханалык Yлгiсiн жасау жэне 
транзисторлык JGBT модульдердi тацдау кезiнде басты назар модульдiц кYштiк шиналарыныц топология- 
сына жэне электр пзбектерш косу жэне жылуды буру тэсiлдерiне аударылды. Казiргi замангы чиптердi 
колданганда да куатты негiзгi модульдердiц конструкциясы сетм д ш к пен тиiмдiлiктi камтамасыз етуде ете 
мацызды. Байланыс шиналары мен шыгарылган еткiзгiштiгiнiц белiнген сипаттамасы мен паразитпк 
индуктивтiлiгiнiц мэнi ысырапты азайту мен ауыспалы кернеудiц арту децгейiн темендету Yшiн аз мэнге ие 
болуы тшс.

Сонымен катар, тэжiрибелiк жолмен с конденсаторыныц мэнiн тацдай отырып, шыгу кернеуiнiц 
сапасын жаксартып кана коймай, дэйектi резонанска кол жетшзуге болады. Резонанс кезiнде инвертордыц 
белсендi куаты индукторга берiледi, ягни кыздыру Yшiн дайын болады.

ТYЙiн сездер: индукциялык эдiс, ток жиiлiгi, JGBT транзисторлык модульдеру кернеу, кажеттi 
температура.
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РАЗРАБОТКА И ИССЛЕДОВАНИЕ ПРЕОБРАЗОВАТЕЛЯ ЧАСТОТЫ 
С ИНТЕЛЛЕКТУАЛЬНОЙ СИСТЕМОЙ УПРАВЛЕНИЯ 

С ИНДУКЦИОННЫМ НАГРЕВАТЕЛЕМ

Аннотоция. В статье рассматривается индукционный способ нагрева нефти в низкодебитных 
скважинах. Для этого предлагают использовать индукционный нагреватель и преобразователь частоты. 
Показано, что при частотах тока 1 -  1,5 кГц индукционный нагреватель и инвертор-преобразователь частоты 
могут быть установлены на дне нефтескважин. Инвертор будет выполнен на JGBT транзисторных модулях, 
которые могут коммутировать напряжения до тысяча вольт, токи -  сотни ампер и десятки киловатт 
мощности.

Для подогрева нефти используют электронагревательные устройства, которые различаются компак­
тностью, удобством в обслуживании и выгодой при наличии дешевой электроэнергии.

Цель проводимых исследований -  нагрев нефти до необходимой температуры, с максимально эффек­
тивным использованием затрачиваемой электроэнергии, без применения открытого огня (печи, горелки), без 
тепловых электронагревательных приборов (ТЭНов) и без использования теплообменных устройств, КПД 
которых не превышает 60-80%. Это возможно при использовании индукционного способа нагрева.

Индукционный нагрев применяют для обогрева технологического оборудования (нефтепровода, трубо­
провода, емкости и т. д.), нагрева жидких сред, сушки покрытий материалов (например, древесины). 
Важнейший параметр установок индукционного нагрева -  частота. Для каждого процесса существует оп­
тимальный диапазон частот, обеспечивающий наилучшие технологические и экономические показатели. Для 
индукционного нагрева используют частоты от 50Гц до 5Мгц.

Для увеличения добычи нефти необходимо осуществить подогрев нефти. Это многогранная и серьезная 
проблема для многих нефтедобывающих компаний. Для обогрева используют разные теплоносители: водя­
ной пар, жаркую воду, жаркие газы и нефтепродукты, электроэнергию. Наибольшее применение имеет 
водяной пар, обладающий высочайшим теплосодержанием и теплоотдачей, просто транспортируемый и не
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представляющий пожарной угрозы. Употребляют насыщенный пар давлением 0,3-0,4 МПа, обеспечивая 
нагрев нефтепродукта до 80-100 °С.

Такой способ нагрева нефти в нефтескважинах применяется в странах Латинской Америки. Как 
показывает обзор и анализ литературы, а также технические документации, удельная стоимость существую­
щих зарубежных конструкций нагревателей очень высока. В связи с этим, внедрение нагревателей в 
Казахстане иностранного производства невыгодно, так как срок окупаемости достигает около десяти лет. 
Поэтому следует разрабатывать свои индукционные нагреватели на основе собственных разработок, которые 
будут экономически выгодны. Учитывая, что при низкой стоимости электроэнергии по сравнению со 
стоимостью электроэнергии за рубежом, а также снижение удельной стоимости всей установки разработка и 
внедрение индукционных нагревателей является актуальной проблемой.

При разработке технической документации для изготовления лабораторного образца преобразователя 
частоты и выборе транзисторных JGBT модулей основное внимание было уделено топологии силовых шин 
модуля и способам подключения электрических цепей и отвода тепла. Даже при использовании самых 
современных чипов конструкция мощных ключевых модулей имеет чрезвычайно большое значение для 
обеспечения надежности и эффективности. Распределенные характеристики проводимости и значения 
паразитных индуктивностей шин связи и выводов должны иметь минимальное значение для уменьшения 
потерь и снижения уровня переходных перенапряжений.

Кроме того, подбирая экспериментальный путем значение конденсатора С можно не только улучшить 
качество выходного напряжения, но и добиться последовательного резонанса. При резонансе активная 
мощность инвертора будет передаваться индуктору, т.е. заготовке для нагрева.

Ключевые слова: индукционный метод, частота тока, транзисторные модули JGBT, напряжение, 
требуемая температура.
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