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The single-phase capacitor and three-phase synchronous jet engines of low power are studied. Both of 
these motors have their own application areas depending on the type of power supply network. The single-phase 
capacitor motors are widely studied which differ from three-phase synchronous jet engines in some cases 
associated with the creation of a rotating circular magnetic field which is an important condition for achieving 
high technical performance. The calculation was performed using the vector diagram of the engine, the active, 
inductive and capacitive components were considered, the system of equations according to Kirchhoff's laws was 
made up, the values of the corresponding angles were determined from the vector diagram, the exact calculation 
of the capacitor was performed and the deviation between the currents was obtained - approximately 90 degrees 
allowing to create a circular rotating magnetic field. By studying the results of calculations for three-phase and 
single-phase capacitor motors (taking into account the electrical losses in the winding and the magnetic losses 
in the stator core), their technical and economic indicators were compared. Since the electromagnetic torque of 
synchronous jet engines depends on the inductive resistance of the rotor along the longitudinal and transverse 
axes, the characteristics of the reduction coefficients (reduction to polar coordinates) along these axes are given 
in this paper depending on the polar conversion coefficient. As a result of investigation, structural modifications 
of the single-phase capacitor and three-phase synchronous jet engines were proposed taking as a basis the rotor 
of an induction motor of the same size. The purpose of the modification is to simplify the technology of its 
production. In order to make synchronous jet engines more reasonable, it is recommended to use the short-
circuited rotor of an induction motor by performing the appropriate machining. 

 
Key words: synchronous jet motor, a circular magnetic field, capacitor jet engine, stator and 

rotor, electromagnetic torque. 
 

Introduction 
Synchronous jet engines (SJE) due to their simple design, reliability and lack of sliding 

electrical contacts are widely used in automation, radio engineering, pumps, ventilation systems, 
medicine, synchronous communication systems and other modern equipment [1,5,8,10].  
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Fig. 1 Electrical diagrams of the a) three-phase and b) capacitor synchronous jet engines 

 
Figure 1a) shows the electrical diagram of a three-phase engine and figure 1b) shows the 

electrical diagram of a capacitor engine which shows that a capacitor is included in the stator circuit. 
 



INFORMATION AND COMMUNICATION TECHNOLOGIES 

43 

Conflict setting 
 As a result of the study of synchronous jet engines of  low power, a comparison of capacitor 

and three-phase SJEs was made and an engineering method for designing a jet synchronous micro-
engine was developed, using the active node of the basic induction motor - the stator and rotor sheets. 

 
Research results 
When designing the comparison of engines, we took the condition as a basis that the capacitor 

and three-phase synchronous jet engines have the same power, the same rotation speed and the same 
air gap. Ring splines were chosen because it became clear as a result of calculations that they are the 
most optimal of all possible options - both from an economic and technical point of view. When 
designing these two engines, we assumed that the stator and rotor sheets had the same geometric 
dimensions and were made of the same grade of steel. To increase the starting torque of the SJE, a 
squirrel cage was used for asynchronous starting [12]. The greater the active resistance of the squirrel 
cage is, the greater the starting torque is but at the same time the maximum torque decreases [4]. 

To ensure high accuracy, calculations were performed according to the vector diagram (Fig. 2) 
taking into account the active resistance r of the stator circuit. 
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Fig. 2 Vector diagram of a synchronous jet engine 
 
In Fig. 2, the diagrams of three-phase (vectors  and  lack) and capacitor synchronous jet 

engines are presented in which the current I is formed by currents  and , which create a rotating 
magnetic field. In the three-phase synchronous engine, current I creates a rotating circular field. 

The main difficulty in the design of capacitor motors is that for creating circular rotating 
magnetic field in the working mode of the engine it is necessary to ensure spatial and time phase shift 
in 90 degrees and equality of MMF phases. 

To create a time shift between phases, it is necessary to use a capacitor which results in 
approximately 90 degrees of current deviation. The condenser capacitance can be determined with 
great accuracy: 
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where r1 and x1 are the active and full inductive resistances of the main winding which correspond to 
the winding W1, and the winding of the capacitor circuit corresponds to the number of turns W2, which 
is equal to:   
 

 
 

It should be noted that expressions (1) and (2) are obtained for the case when the MMF of the 
main and capacitor windings and the wire diameters are equal to each other. 

The electromagnetic and maximum torques of the motor are calculated taking into account the 
active resistance of the stator winding which is a value of the same order as the resistance xd and xq 
[1,9]: 

 
 

where xd and xq  is the total (synchronous) inductive resistance along the transverse and longitudinal 
axes; r is the active resistance of the stator winding, 
 

                                       

 

 
 

In the case of a synchronous capacitor motor with great accuracy,  can be taken. 
To facilitate calculations and further increase in the torque, the characteristics from Fig. 3 

[1,3,6,7] can be used where α is the polar conversion coefficient. 
The inductive resistance of the tongue along the longitudinal axis xad and the inductive 

dispersion resistance xσ [1,3] are shown in Fig.3: 
 

   
 

 
 

where kq and kd  are  the coefficients of reduction of the rotor along the transverse and longitudinal 
axes in accordance with the value α. 
 

Fig. 3 The dependence of the coefficients kd and kq from α 
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Comparison results 
The results of comparison of synchronous jet engines are shown in Table 1. 

Table 1 
Comparison of the engine parameters 

 

Number of phases  - Three-phase Capacitor 

Active power, P W 50 50 

Coefficient of efficiency, η % 84 74 

Performance factor, η cosϕ - 0.176 0.177 

Maximum torque, Mmax Нм 3.8 2.5 

Length of a machine, l m 0.067 0.078 

Cost Dram 13600 16020 
 
When analysing the capacitor and three-phase synchronous jet engines thus taking into account 

the time and spatial shifts, it turns out that in a three-phase synchronous jet engine the value of the 
effective MMF is 1,5 times higher than the MMF of the capacitor SJE [2]. We can conclude that in a 
three-phase motor the value of the effective magnetic flux also exceeds the effective magnetic flux of 
the capacitor motor. This, in turn, leads to a difference between the number of turns and the currents in 
both engines. Particularly, in a capacitor motor the number of turns exceeds the number of turns in a 
three-phase motor. Taking into consideration that both motors have the same power and differ from 
each other only in the number of phases, we can say that the current in a capacitor motor exceeds the 
same in a three-phase motor. Consequently, the electrical losses in a capacitor motor are greater than 
in a three-phase motor. Since the magnetic losses are directly proportional to the square of the 
magnetic field induction, it turns out that the magnetic losses in a capacitor motor will be greater than 
in a three-phase motor. Additional losses in both engines were assumed to be approximately equal. As 
a result, the efficiency of a capacitor motor is less than that of a three-phase one. Other engine 
parameters are shown in Table 1. 

Development of the mechanics of the rotor of the synchronous jet engine. 
The development was carried out using sheets of the stator and rotor of an induction motor. The 

main problem is to determine the mechanical values H and L of the finished rotor (Fig. 4). 
 
 

    
 
 
 
 
where   D is the diameter of the rotor, 

   α – coefficient of reduction of the rotor, 
   τ – polar step, 
   hкл - height of the short-connected rod.  

Fig. 4 Development of the rotor mechanics 
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The width of the rotor pole limits the value L due to the magnetic induction value (in that 
section). 

 
Conclusion 
The design and research of capacitor and three-phase synchronous jet engines are carried out in 

this work. A comparison of these engines is made resulting in the following conclusions: 
1. Capacitor engines are inferior to three-phase synchronous motors in a number of parameters: 

efficiency, maximum torque, weight. 
2. Capacitor engines are more expensive than three-phase SJEs. 
A significant advantage of capacitor motors is that they are powered by a single-phase network 

which ensures their demand and production. Since in capacitor motors the stator winding distribution 
coefficient is higher than that in three-phase motors, that coefficient in capacitor motors contributes to 
the reduction of higher-order harmonics of the magnetic flux. In this paper we also propose to produce 
a SJE based on induction motors to avoid unnecessary costs. 
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ИССЛЕДОВАНИЕ МАЛОМОЩНЫХ СИНХРОННЫХ  
РЕАКТИВНЫХ ДВИГАТЕЛЕЙ 

 
Д.С. Мартиросян, В.А. Саакян 
Национальный политехнический университет Армении 
 
 

Были изучены однофазные конденсаторные и трёхфазные синхронные реактивные 

двигатели малой мощности. Оба этих двигателя имеют свои области применения - в 

зависимости от типа питающей сети. Широко исследованы однофазные конденсаторные 

двигатели, которые отличаются от трёхфазных синхронных реактивных двигателей 

некоторыми сложностями, связанными с созданием вращающегося кругового магнитного поля, 

что является важным условием для достижения высоких технических показателей. Расчёт был 

произведён с использованием векторной диаграммы двигателя, были учтены активные, 

индуктивные, ёмкостные составляющие, составлена система уравнений согласно законам 

Кирхгофа, из векторной диаграммы определены величины соответствующих углов, произведён 
расчёт конденсатора и получено отклонение между токами - примерно на 90 градусов, что 

позволяет создать вращающееся круговое магнитное поле. Изучив результаты расчетов для 

трехфазных и однофазных конденсаторных двигателей (с учётом электрических потерь в 

обмотке и магнитных потерь в сердечнике статора), было проведено сравнение их технических 

и экономических показателей. Так как электромагнитный момент синхронных реактивных 

двигателей зависит от индуктивного сопротивления ротора вдоль продольной и поперечной 

осям, то в работе приводятся характеристики коэффициентов приведения (приведения к 

полярным координатам) по этим осям в зависимости от коэффициента полярного 

преобразования. В результате исследований были предложены структурные модификации 

однофазных конденсаторных и трёхфазных синхронных реактивных двигателей, принимая за 

основу ротор асинхронного двигателя одинакового габарита. Целью модификации является 

упрощение технологии его производства. Для того, чтобы сделать синхронные реактивные 

двигатели более доступными, рекомендуется использовать короткозамкнутый ротор 

асинхронного двигателя – выполнив соответствующую механическую обработку. 
 
Ключевые слова: синхронный реактивный двигатель, круговое магнитное поле, 

конденсаторный реактивный двигатель, статор и ротор, электромагнитный момент. 
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