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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
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 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Introduction. It is known that frequency 
converters are electronic devices that are used to 
convert the frequency parameters of an electric 
current [1-4]. Frequency converters have acquired 
the greatest practical application for controlling the 
speed of rotation of synchronous and asynchronous 
(SD and AD) electric motors [5, 6]. The use of 
frequency converters for controlling electric motors 
makes it possible to optimize production, reduce 
electrical energy consumption and increase the 
service life, etc., of the connected equipment to 
the "frequency converter – asynchronous motor" 
(Frequency converter - AD) system [6-8].

Currently, the field of use of the "Frequency 
converter - AD" system is very wide, starting in 
equipment from the food industry, ending with the 
mining and metallurgical, oil industry [1, 6].

The main part. Frequency converters used in an 
adjustable electric drive, depending on the structure 
and principle of operation of the power part, are 
divided into [2, 7, 9]:

- with an explicit DC intermediate (or simply an
IF with a DC intermediate);

- with direct connection (without DC
intermediate).

To date, frequency converters with a DC 
intermediate link in the market of the Republic of 
Kazakhstan account for almost 93% of the total 
frequency converters. Therefore, the article considers 
only this type of IF, while the rectifiers, as part of the 
converters, are unmanaged, i.e. on power diodes.

Figure 1 shows a typical scheme of a low-
voltage frequency converter with an autonomous 
voltage inverter (AVI), as it has received the greatest 
distribution, supplied by different manufacturers 
[6, 7, 9].

In this scheme, a three-phase AC voltage is fed to 
the input of three phase uncontrolled rectifier output 
which is fed to the input of the filter (F), after entering 
AVI, where the voltage Ud is converted to three-phase 
voltage variable voltage U=var and with a variable 
frequency f=var. Autonomous voltage inverters 
of low-voltage converters are made on the basis of 
power bipolar transistors with an isolated IGBT gate. 
The control system provide spulse-width modulation 
(PWM) of the voltage applied to the motor windings.

NEWS
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STABILITY OF ANONLINEAR SYSTEM «FREQUENCY 
CONVERTER-ASYNCHRONOUS MOTOR»

Abstract. In modern industry, various industries are widely used frequency converters (FС) to control 
the speed of rotation of asynchronous motors. Widely used frequency converters that feed asynchronous 
motors allow you to optimize production, reduce electrical energy consumption, increase the service life of 
equipment, etc.

The article considers the system "frequency converter-asynchronous motor" as a complex nonlinear 
automatic control system. On the basis of the linearized transfer function of the frequency converter and the 
asynchronous motor, the block diagram of the open system "frequency converter - asynchronous motor"is 
made. The mathematical description of the system is written by algebraic controls in symbolic form.

A program for generating the transfer function and calculating the roots of the characteristic equation 
using the MATLAB application package is presented.

To determine the stability of the frequency converter - asynchronous motor system, a program is compiled 
where the stability of the system is determined by the characteristic roots of the equation. The transient curve 
of the speed and torque of an asynchronous motor confirms the adequacy of the block diagram "frequency 
converter-asynchronous motor" and its mathematical description.

Key words: frequency converter, asynchronous motor, nonlinear system, electric drive, autonomous 
voltage inverter.
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The use of Frequency converters in equipment 
provides a smooth start, smooth control of the speed 
of rotation of the AD both down and up from the 
main speed, smooth braking, increases the service 
life of both the engine and the equipment, increases 
efficiency and cos φ, etc.[1, 6, 7, 10].

The mathematical description of an asynchronous 
motor (AD) as a link in an automatic control system 
presents considerable difficulties, since the stator 
and rotor windings are magnetically connected by 
design. When the motor rotates, the relative position 
of the windings continuously changes, and the mutual 
inductance between them changes accordingly. 
This leads to a non-linear equation of the electric 
motors. In this regard, for the synthesis of ACS, it 
is convenient to represent dynamic models of AD in 
the form of transfer functions or structural schemes 
[11-14].

Figure 1-Typical diagram of a low-voltage 
frequency converter with a self-contained voltage 
inverter (AVI)

Figure 1-Typical diagram of a low-voltage 
frequency converter with a self-contained voltage 
inverter (AVI) In the process of designing an electric 
drive system, a frequency converter – asynchronous 
motor (FC – AD) with the desired motor speed 
transients, determining the stability of the system is 
one of the necessary design tasks. The block diagram 
of the FC-AD system with voltage feedback of the 
frequency converter is shown in Figure 1 in Simulink 
Matlab [15, 16].

Figure 2 block diagram of the linearized system 
of the electric FC-AD presents the dynamic parts of 
the system with transfer functions in the form [1]: for 

engine mbTsW /1)(1 = –  и ,)1/()(2 += sTbsW a  
and reverse are covered by a single connection to the 

frequency Converter .)1/()(3 += sTKsW PP – As 
a voltage regulator if the open on the speed of the 
motor system FC-AD entered nonlinear correction 
device (similar even with variable structure). 
providing a significant increase in the stability range 
of the system [12]. The following designations are 
introduced in the block diagram of Figure 2 [7, 14, 
17]:

b – modulus of rigidity of the mechanical 
characteristic of AD;

−mT  electromechanical time constant AD;
−Tq  electromagnetic time constant of the stator 

and rotor circuits AD;

−Pk  transmission ratio of the frequency 
converter;

−PT  the time constant of the frequency 
Converter;

−2,11 TT  the time constant of the filter;

 −cOk  the ratio of the feedback voltage inverter.

Figure 2-Block diagram of an open FC-AD system

The stability of an open nonlinear FC-AD system 
is considered on the basis of the transfer function of 
the system using Matlab functions [15, 16]. To do 
this, using the transfer functions of the links of the 
system, we transform them into algebraic equations 
in symbolic form, taking into account the connections 
of the dynamic and nonlinear links of the system. 

According to the transfer function sbTmsW /1)(1 =  
of the engine link, the algebraic equation of the link 
in symbolic form takes the following form [18]:

0211 =− xWx                                                    (1)

where −= ω1x  angular velocity of AD; 

−= ÝMx2  the electromagnetic moment of AD.
An algebraic equation in the symbolic form of 

the second engine link, with a subordinate function 

)1/()(2 += sTbsW q  , it will be recorded:

0)/1( 3221 =−+ xxWx                                     (2)

where −= PRUx3  output voltage of the 
frequency converter.

An algebraic equation in the symbolic form 
of a frequency converter, with a transfer function 
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)1/()(3 += sTksW PRPR  , it has the form:

,0)()/1( 33 =+− ZYxW                                    (3)

where )(; 04 xWsignZkxY o ⋅== , 

)1/()1()( 214 ++= sTsTsW  , 3xkux oco −= ,  −0x  
error of the voltage stabilization system at the 

frequency converter output, −)(4 sW  transfer 
function of the inertial-forcing link, −u  setting 
effect.

Taking into account the replacement of the 

nonlinear equation okxY =  , from the point of view 
of the convenience of solving the stability problem 
with the help of Matlab, on a nonlinear equation 

)/()( 2
oo xxkxF ∗= , the equation okxY =  it will 

be written in the following form:

))(/())(( 3
2

3 xkukxkukY ococ −⋅−⋅=                 (4)

The equation )( 04 xWsignZ ⋅=  it should be 
written as [19]:

Determination of the stability of the open – 
speed FC-AD system is carried out on the basis of 
the program for calculating the transfer function of 
the system and Matlab functions. The program for 
determining the stability of the system is shown in 
Figure 3.

The program for determining the stability of 
the FC – AD system is compiled in the algorithmic 
language Matlab. Thecalculationprocedureisasfollo
ws:

1.In the program using the command    enter (line 
1) character variables with the name of the transfer 
functions of the system.

2. Using the function  symbolic objects are 

formed with the name: 3,,2,1 fèfqfhff   - 
names of equations in symbolic form.

3. Function Matlabcalculates the transfer 
functions of the system in symbolic form for each 
variable.

4. The initial parameters of the FC-AD system 
and the FC voltage stabilization system are entered 
from the 8th to the 9th line.

5. From the 10th to the 13th lines, the transfer 
functions of the system are introduced, which are 
used after calculating the transfer functions for each 
variable.

6. Function eval  (line 14) converts a given 
string transfer function to a transfer function with a 
numerator and denominator.

7. From the 18th to the 24th lines form the graphs 
of the transients of the asynchronous motor.

Figure 3. Program for determining the stability of 
the FC – AD system

The calculated transfer function of the FC – AD 
system has the form [7, 20]:

The roots of the characteristic equation of the 
transfer function of the system, calculated by the 
program with the function (line 21) MATLAB have 
the following form:

The roots of the characteristic equation have 
negative real parts, according to [6] the system is 
stable, which is also confirmed by the transients of 
the speed and torque of the asynchronous motor, 
shown in Figure 3.
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Figure 4-Graphs of the transients of the speed and 
torque of the asynchronous motor

Conclusions.
1. The formation of the transfer function of 

an open nonlinear system frequency converter-
asynchronous motor is possible only on the basis of 
the algebraic equations of the system in symbolic 
form.

2. The calculation of the roots of the characteristic 
equation for determining the stability of the system 
should be carried out using the MATLAB function 
pole.
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«ЖИІЛІК ТҮРЛЕНДІРГІШ – АСИНХРОНДЫ ҚОЗҒАЛТҚЫШ» БЕЙСЫЗЫҚТЫ 
ЖҮЙЕСІНІҢ ОРНЫҚТЫЛЫҒЫ

Аннотация. Әр түрлі салалардағы қазіргі заманғы өнеркәсіпте асинхронды қозғалтқыштардың 
айналу жылдамдығын реттеу үшін жиілік түрлендіргіштері (ЖТ) кеңінен қолданылады. Асинхронды 
қозғалтқыштардың кең таралған жиілік түрлендіргіштері өндірісті оңтайландыруға, электр энергиясын 
тұтынуды азайтуға, жабдықтың қызмет ету мерзімін арттыруға және т. б. мүмкіндік береді.

Бұл мақалада «жиілік түрлендіргіш – асинхронды қозғалтқыш» жүйесі күрделі сызықты 
емес автоматты басқару жүйесі ретінде қарастырылады. Жиілік түрлендіргіш пен асинхронды 
қозғалтқыштың сызықты берілу функциясы негізінде «ЖТ - АҚ» ашық жүйесінің құрылымдық 
диаграммасы жасалды. Жүйенің математикалық сипаттамасы алгебралық басқару арқылы символдық 
түрде жазылған.

MATLAB қолданбалы пакетін қолдана отырып, берілу функциясын қалыптастыру және 
сипаттамалық теңдеудің түбірлерін есептеу бағдарламасы келтірілген.

«Жиілік түрлендіргіш-асинхронды қозғалтқыш» жүйесінің орнықтылығын анықтау үшін 
теңдеудің сипаттамалық түбірлері арқылы жүйенің орнықтылығын анықтайтын бағдарлама жасалды. 
Асинхронды қозғалтқыштың жылдамдығы мен моментінің өтпелі қисығы «жиілік түрлендіргіш 
- асинхронды қозғалтқыш» құрылымдық схемасының сәйкестігін және оның математикалық 
сипаттамасын растайды.

Түйін сөздер: жиілік түрлендіргіші, асинхронды қозғалтқыш, бейсызықты жүйе, электр жетегі, 
автономды кернеу инверторы.
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УСТОЙЧИВОСТЬ НЕЛИНЕЙНОЙ СИСТЕМЫ 
«ПРЕОБРАЗОВАТЕЛЬ ЧАСТОТЫ – АСИНХРОННЫЙ ДВИГАТЕЛЬ»

Аннотация. В современной промышленности разных отраслей широко применяются 
преобразователи частоты (ПЧ) для регулирования скорости вращения асинхронных двигателей. 
Широко распространенные преобразователи частоты, питающие асинхронные двигатели, позволяют 
оптимизировать производство, снизить потребление электрической энергии, увеличить срок службы 
оборудования и т.д.

 В статье рассмотрена система «преобразователь частоты – асинхронный двигатель» как сложная 
нелинейная система автоматического управления. На базе линеаризованной передаточной функции 
преобразователя частоты и асинхронного двигателя составлена структурная схема разомкнутой 
системы «ПЧ - АД». Математическое описание системы написано алгебраическими управлениями в 
символьном виде. 

Приведена программма образования передаточной функции и расчета корней характеристического 
уравнения с помощью прикладного пакета MATLAB.
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Для определения устойчивости системы ПЧ – АД составлена программа, где характеристическими 
корнями уравнения определяется устойчивость системы. Кривая переходного процесса скорости и 
момента асинхронного двигателя подтверждает адекватность структурной схемы «ПЧ - АД» и ее 
математическое описание.

Ключевые слова: преобразователь частоты, асинхронный двигатель, нелинейная система, 
электропривод, автономный инвертор напряжения.
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