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Выводы. Таким образом, можно сделать вывод, что трикотаж может составить 

сто процентов гардероба человека любого возраста и пола, и при этом дискомфорта от 

отсутствия необходимых элементов одежды для современного человека не будет. 

Таким образом, вязаную одежду можно назвать не только материалом 

настоящего, но и материалом будущего. 
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MODELLING OF THE ASYMMETRICAL QUANTITIES OF REACTIV  

POWER OF ASYNCHRONOUS MOTOR 

 

This paper discusses in detail the assembled and distributed parametric model of the 

current-voltage converter to control and evaluate the symmetrical magnitudes of the reactive 

power of an asynchronous induction motor. In modeling the physical and technical effects of 

three-phase current magnetization parameters of asynchronous motors, the physical and 

technical effects used in the structure of the converter are taken into account and the 

parametric structure scheme, change of electrical magnitude and parameters, their 

interconnection A graph model of the structure was developed. The magnetic processes of 

nets torques A, B, C applied to the stator winding of an asynchronous motor and their 

analytical expressions are described.  

Key words: An Asynchronous motor, graph model, magnetic process, output voltage, 

asymmetrical quantities, reactive power, magnetic flux. 
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МОДЕЛИРОВАНИЕ АСИММЕТРИЧНЫХ ВЕЛИЧИН РЕАКТИВНОЙ 

МОЩНОСТИ АСИНХРОННОГО ДВИГАТЕЛЯ 

 

В данной статье подробно рассматривается собранная и распределенная 

параметрическая модель преобразователя тока в напряжение для управления и оценки 

симметричных величин реактивной мощности асинхронного двигателя. При 

моделировании физико-технических воздействий трехфазного тока на параметры 

намагничивания асинхронных двигателей учитываются физико-технические 

эффекты, используемые в конструкции преобразователя, и схема параметрической 

структуры, изменение электрической величины и параметров, их взаимосвязь А 

mailto:Zaylobiddin1992@gmail.com


 

Известия ОшТУ, 2023 №2, Часть 1 248 
 

построена графовая модель конструкции. Описаны магнитные процессы сетевых 

моментов А, В, С, приложенных к обмотке статора асинхронного двигателя, и их 

аналитические выражения. 

Ключевые слова: Асинхронный двигатель, граф модель, магнитный процесс, 

выходное напряжение, несимметричные величины, реактивная мощность, магнитный 

поток.  

Боиханов Заилобиддин Уразали уулу, доцент, PhD, 

Андижан машина куруу институту, 

 

АИНДИК МОТОРДУН РЕАКТИВДУУ КУБАТЫНЫН АСИМЕТРИЯЛЫК 

БАЛДАРЫН МОДЕЛДЕРҮҮ 

 

Бул макалада асинхрондук асинхрондук мотордун реактивдүү кубаттуулугунун 

симметриялуу маанилерин башкаруу жана баалоо үчүн ток-чыңалуу өзгөрткүчүнүн 

чогултулган жана бөлүштүрүлгөн параметрдик модели кеңири талкууланат. 

Асинхрондуу кыймылдаткычтардын магниттештирүү параметрлерине үч фазалуу 

токтун физикалык-техникалык таасирин моделдөөдө, конвертордун 

конструкциясында колдонулган физикалык-техникалык эффекттер жана 

параметрдик түзүлүштүн схемасы, электрдик чоңдуктун жана параметрлердин 

өзгөрүшүнө; жана алардын өз ара байланышы эске алынат Долбоордун графиктик 

модели түзүлөт. Асинхрондук кыймылдаткычтын статор орамына колдонулуучу А, В, 

С тармак моменттеринин магниттик процесстери жана алардын аналитикалык 

туюнтмалары сүрөттөлгөн. 

Негизги сөздөр: Асинхрондук кыймылдаткыч, графиктик модель, магниттик 

процесс, чыгуу чыңалуу, асимметриялык чоңдуктар, реактивдүү күч, магнит агымы. 

 

Introduction. In the world, the leading positions are occupied by the development of 

digital technology and modern technologies used in the measurement, control and 

management of reactive power consumed by asynchronous motors, which are the main 

consumers of electricity. Asynchronous motors consume more than 55 percent of all 

generated active electrical energy and more than 65 percent of reactive electrical energy. 

When ensuring high accuracy, sensitivity and compactness of electric current converters used 

in the measurement and control of quantities and parameters of electricity in the process of 

non-contact conversion, important issues are the expansion capabilities of the primary 

measuring transducer, providing a standardized and controlled output signal [1]. 

Methods. When modeling the physical and technical effects of three-phase current 

magnetization parameters of an induction motor, the parametric structure scheme, which takes 

into account the physical and technical effects (FTE) used in the structure of the converter, 

changes the electrical magnitude and parameters, their a graph model of the interconnected 

structure is developed [2;6]. The structure of the primary current converter of an induction 

motor and a model based on FTEs are shown in pic-1. 

 
Pic.1. A generalized model of an asynchronous motor based on the physical and 

technical effects of asymmetrical magnitude of reactive power applied to a controlled output 

voltage converter. 
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Uout.. - output voltage generator; U1.8  – is the component of the controlled output 

voltage in one ring, U13.20 8 – is the component of the controlled output voltage in the second 

loop, , 𝑈𝑎𝛴 - is the component of the total controlled output voltage in the common measuring 

ring. 

In the process of supplying of electricity to an asynchronous motor from the mains, 

taking into account various external and internal parameters, writed as a graph model of the 

change in the output voltage, controlled by symmetrical quantities of reactive power 

consumed [11; 9]. 

𝑈𝑎𝛴 = 𝑈𝑎 = 𝑈1,8 = (4,44 ∙ 𝑓 ∙ 𝑊𝑐1 ∙
𝐼𝐴
𝑅𝜇
)𝑊11 

where: IA – is the primary current of phase A of the mains consumed by the induction motor; f 

- current frequency;  w2,w1 – number of stator windings and sensing element windings; 

𝑃𝜇 = 𝑅𝜇 −
𝜌𝐿

𝐹
  - resistance of the signal change part (magnetic);  

ρ- is the specific resistance of the magnetic core material; 

The asynchronous motor stator winding is calculated for phase A. The following is a 

summary parametric model of a single-element current converter with an output voltage 

controlled by symmetrical magnitudes of reactive power of an asynchronous motor (pic.2). 

. 

Pic-2. An asynchronous motor is a composite parametric model of a single-sensitive 

element converter of controlled voltage of symmetrical quantities of reactive power. 

From this, 

𝐼𝐴 = 𝑃𝐸𝐴 ∙ 𝑈𝐴 =
𝑈𝐴

𝑅𝐴
                                                                                        

𝐹𝜇𝐴 = 𝐾𝐼𝐹 ∙ 𝐼𝐴 = 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐴 ∙ 𝑈𝐴 = 𝐾𝐼𝐹 ∙
1

𝑅𝐴
∙ 𝑈𝐴                                            

𝐹𝜇𝐴 = 𝑃𝜇𝐴 ∙ 𝐹𝜇𝐴 = 𝑃𝜇𝐴 ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐴 = 𝑃𝜇𝐴 ∙ 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐴 ∙ 𝑈𝐴                               

𝑈𝑎 = 𝐾𝐹𝑈 ∙ 𝐹𝜇𝐴 = 𝐾𝐹𝑈 ∙ 𝑃𝜇𝐴 ∙ 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐴 ∙ 𝑈𝐴                                                 

𝑈𝑎 = 4,44 ∙ 𝑓 ∙ 𝑊𝑐 ∙
𝐼𝐴∙𝑊𝑐𝐸

𝑅𝜇𝐴
                                                                             

The following is a summary parametric model of a single-element current converter 

with an output voltage controlled by symmetrical magnitudes of reactive power of an 

induction motor. 

 
Figure 3. An asynchronous motor is a composite parametric model of a single-

sensitive element converter of controlled voltage of symmetrical quantities of reactive power. 

From this, 

𝐼𝐵 = 𝑃𝐸𝐵 ∙ 𝑈𝐵 =
𝑈𝐵

𝑅𝐵
                              

𝐹𝜇𝐵 = 𝐾𝐼𝐹 ∙ 𝐼𝐵 = 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐵 ∙ 𝑈𝐵 = 𝐾𝐼𝐹 ∙
1

𝑅𝐵
∙ 𝑈𝐵   

𝐹𝜇𝐵 = 𝑃𝜇𝐵 ∙ 𝐹𝜇𝐵 = 𝑃𝜇𝐵 ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐵 = 𝑃𝜇𝐵 ∙ 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐵 ∙ 𝑈𝐵v 

𝑈𝑏 = 𝐾𝐹𝑈 ∙ 𝐹𝜇𝐵 = 𝐾𝐹𝑈 ∙ 𝑃𝜇𝐵 ∙ 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐵 ∙ 𝑈𝐵  

𝑈𝑏 = 4,44 ∙ 𝑓 ∙ 𝑊𝑐 ∙
𝐼𝐵∙𝑊𝑐𝐸

𝑅𝜇𝐵
  

The following is a distributed parametric model of a two-elements, element-sensitive 

converter controlled by symmetrical quantities of reactive power of an asynchronous motor. 
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Pic. 4. The reactive power of an asynchronous motor is a distributed parametric model of a 

controlled output voltage of symmetrical quantities with two sensitive element converters. 
 

Three-phase stator currents in the stator core of an induction motor generate magnetic 

driving forces [6,7,10]. The controlled output voltage at the output of the two sensitive 

element converters is formulated as follows. 
𝐹𝜇111−𝐹𝜇121

𝑅𝜇111
+
𝐹𝜇111−𝐹𝜇211

𝑅𝜇211
+
𝐹𝜇111−𝐹𝜇311

𝑅𝜇311
= 𝐾𝐼𝐹 ∙ 𝐼𝐵  

or 

(
1

𝑅𝜇111
+

1

𝑅𝜇211
+

1

𝑅𝜇311
) ∙ 𝐹𝜇111 −

1

𝑅𝜇111
𝐹𝜇121 −

1

𝑅𝜇211
𝐹𝜇211 −

1

𝑅𝜇311
𝐹𝜇311 == 𝐾𝐼𝐹 ∙ 𝐼𝐵    

The voltage at the first ring of the controlled output voltage, which is the symmetrical 

magnitude of the reactive power of an asynchronous induction motor, that is, from a single 

sensing element, is given by: 

𝑈՜𝑏 = 𝐾𝐹𝜇𝑈𝐵 ∙ 𝑊՜(𝐼𝐵  𝑈՜𝑏) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐵  

On the same basis can find the controlled output voltage in the second loop: 

𝑈՜՜𝑏 = 𝐾𝐹𝜇𝑈𝐵 ∙ 𝑊՜՜(𝐼𝐵  𝑈՜՜𝑏) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐵  

The asynchronous motor reactive power symmetrical magnitudes of the controlled 

output voltage are expressed as a signal from two sensitive elements as follows: 

𝑈𝑏 = 𝑈՜𝑏 + 𝑈՜՜𝑏 = 𝐾𝐹𝜇𝑈𝐵(𝑊՜(𝐼𝐵, 𝑈՜𝐵) +𝑊՜՜(𝐼𝐵  𝑈՜՜𝐵)) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐵  

The asynchronous motor stator winding is calculated for phase C. 

The following is a summary parametric model of a single-element current converter 

with an output voltage controlled by symmetrical magnitudes of reactive power of an 

asynchronous motor. 

 
Pic-5. An asynchronous motor is a composite parametric model of a single-sensitive 

element converter of controlled voltage of symmetrical quantities of reactive power. 

From this, 

𝐼𝐶 = 𝑃𝐸𝐶 ∙ 𝑈𝐶 =
𝑈𝐶

𝑅𝐶
  

𝐹𝜇𝐶 = 𝐾𝐼𝐹 ∙ 𝐼𝐶 = 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐶 ∙ 𝑈𝐶 = 𝐾𝐼𝐹 ∙
1

𝑅𝐶
∙ 𝑈𝐶  

𝐹𝜇𝐶 = 𝑃𝜇𝐶 ∙ 𝐹𝜇𝐶 = 𝑃𝜇𝐶 ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐶 = 𝑃𝜇𝐶 ∙ 𝐾𝐼𝐶 ∙ 𝑃𝐸𝐶 ∙ 𝑈𝐶  

𝑈𝑏 = 𝐾𝐹𝑈 ∙ 𝐹𝜇𝐶 = 𝐾𝐹𝑈 ∙ 𝑃𝜇𝐶 ∙ 𝐾𝐼𝐹 ∙ 𝑃𝐸𝐶 ∙ 𝑈𝐶  

𝑈𝑐 = 4,44 ∙ 𝑓 ∙ 𝑊𝑐 ∙
𝐼𝐶∙𝑊𝑐𝐸

𝑅𝜇𝐶
  

The following is a distributed parametric model of a two-elements, element of 

transducers  sensitive to the output voltage controlled by symmetrical quantities of reactive 

power of an asynchronous motor [12]. 
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Pic-6. The reactive power of an asynchronous motor is a distributed parametric model of a 

controlled output voltage of symmetrical quantities with two sensitive element converters 
 

Three-phases stator currents in the stator core of an asynchronous induction motor 

generate magneto-moving forces [6;10].  

The controlled output voltage at the output of the two sensitive element of transducers is 

formulated as follows: 
𝐹𝜇111−𝐹𝜇121

𝑅𝜇111
+
𝐹𝜇111−𝐹𝜇211

𝑅𝜇211
+
𝐹𝜇111−𝐹𝜇311

𝑅𝜇311
= 𝐾𝐼𝐹 ∙ 𝐼𝐶   

or 

(
1

𝑅𝜇111
+

1

𝑅𝜇211
+

1

𝑅𝜇311
) ∙ 𝐹𝜇111 −

1

𝑅𝜇111
𝐹𝜇121 −

1

𝑅𝜇211
𝐹𝜇211 −

1

𝑅𝜇311
𝐹𝜇311 == 𝐾𝐼𝐹 ∙ 𝐼𝑆    

The voltage across the first ring of the controlled output voltage, which is the 

symmetrical magnitude of the reactive power of an induction motor, that is, from a single 

sensing element, is formed as follows [9]. 

𝑈 ՜𝑠 = 𝐾𝐹𝜇𝑈𝐶 ∙ 𝑊՜(𝐼𝐶  𝑈՜𝑐) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝑆   

On the same basis we find the controlled output voltage in the second windings: 

𝑈 ՜՜𝑠 = 𝐾𝐹𝜇𝑈𝐶 ∙ 𝑊՜՜(𝐼𝐶  𝑈՜՜𝑐) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝑆   

The asynchronous motor reactive power symmetrical magnitudes of the controlled 

output voltage are formed as a signal from two sensitive elements as follows: 

𝑈𝑠 = 𝑈՜𝑠 + 𝑈՜՜𝑠 = 𝐾𝐹𝜇𝑈𝐶(𝑊՜(𝐼𝐶 , 𝑈՜𝐶) +𝑊՜՜(𝐼𝐶  𝑈՜՜𝐶)) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐶   

It can be seen from these mathematical models that it is possible controlled output 

voltages by dividing the measuring sensitive elements of asynchronous motors into one and 

two rings. 

 
Pic-7. A distributed parametric model of a three-phase six-sensing element controlled 

output voltage converter with symmetrical magnitudes of reactive power of an asynchronous 

motor. 
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Results. Controlled output voltages based on scattered parameter of graph model 

written as following: 

{
 
 

 
 
𝐹𝜇111−𝐹𝜇121

𝑅𝜇111
+
𝐹𝜇111−𝐹𝜇211

𝑅𝜇211
+
𝐹𝜇111−𝐹𝜇311

𝑅𝜇311
= 𝐾𝐼𝐹 ∙ 𝐼𝐴

𝐹𝜇111−𝐹𝜇121

𝑅𝜇111
+
𝐹𝜇111−𝐹𝜇211

𝑅𝜇211
+
𝐹𝜇111−𝐹𝜇311

𝑅𝜇311
= 𝐾𝐼𝐹 ∙ 𝐼𝐵

𝐹𝜇111−𝐹𝜇121

𝑅𝜇111
+
𝐹𝜇111−𝐹𝜇211

𝑅𝜇211
+
𝐹𝜇111−𝐹𝜇311

𝑅𝜇311
= 𝐾𝐼𝐹 ∙ 𝐼𝐶

  

{
 
 
 
 
 
 
 

 
 
 
 
 
 
 (

1

𝑅𝜇𝐴111
+

1

𝑅𝜇𝐴211
+

1

𝑅𝜇𝐴311
) + 𝐹𝜇𝐴111 −

1

𝑅𝜇𝐴111
𝐹𝜇𝑎121 −

1

𝑅𝜇𝐴211
𝐹𝜇𝐴211 −

−
1

𝑅𝜇𝐴311
𝐹𝜇𝐴311 =

= 𝐾𝐼𝐹 ∙ 𝐼𝐴

(
1

𝑅𝜇𝐵111
+

1

𝑅𝜇𝐵211
+

1

𝑅𝜇𝐵311
) ∙ 𝐹𝜇𝐵111 −

1

𝑅𝜇𝐵111
𝐹𝜇𝐵121 −

1

𝑅𝜇𝐵211
𝐹𝜇𝐵211 −

1

𝑅𝜇𝐵311
𝐹𝜇𝐵311 =

= 𝐾𝐼𝐹 ∙ 𝐼𝐵

(
1

𝑅𝜇𝐶111
+

1

𝑅𝜇𝐶211
+

1

𝑅𝜇𝐶311
) ∙ 𝐹𝜇𝐶111 −

1

𝑅𝜇𝐶111
𝐹𝜇𝐶121 −

1

𝑅𝜇𝐶211
𝐹𝜇𝐶211 −

1

𝑅𝜇𝐶311
𝐹𝜇𝐶311 =

= 𝐾𝐼𝐹 ∙ 𝐼𝐶

     

Based on these formulas, can writed the controlled output voltages of each phase of 

asynchronous motors as follows: 

{

𝑈𝑎 = 𝑈՜𝑎 + 𝑈՜՜𝑎 = 𝐾𝐹𝜇𝑈𝐴(𝑊՜(𝐼𝐴, 𝑈՜𝐴) +𝑊՜՜(𝐼𝐴,𝑈՜՜𝐴)) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐴

𝑈𝐵 = 𝑈՜𝑏 +𝑈՜՜𝑏 = 𝐾𝐹𝜇𝑈𝐵(𝑊՜(𝐼𝐵, 𝑈՜𝐵) +𝑊՜՜(𝐼𝐵 ,𝑈՜՜𝐵)) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐵
𝑈𝑠 = 𝑈՜𝑠 + 𝑈՜՜𝑠 = 𝐾𝐹𝜇𝑈𝐶(𝑊՜(𝐼𝐶 , 𝑈՜𝐶) +𝑊՜՜(𝐼𝐶  𝑈՜՜𝐶)) ∙ 𝐾𝐼𝐹 ∙ 𝐼𝐶

           

 

Conclusion. In the process of supplying electricity of asynchronous motor from the 

nets, taking into account various external and internal parameters, the symmetrical 

magnitudes of reactive power consumed are expressed for each phase current. 

The magnetic processes in the stator windings of an induction motor can be clearly 

seen using a combined parametric model of currents consumed in all phases of e output 

voltage transducers, which controle the symmetrical magnitudes of reactive power of the 

asynchronous motor. 
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