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Abstract. Considering the problem of energy saving at industrial enterprises, attention should be paid to 

the fact that about 70 ... 80% of all electric motors are asynchronous, and most of them are installed in 

unregulated drives. Most of these electric drives are equipped with asynchronous electric motors with a 

squirrel-cage rotor (AM SC). Energy saving problem in such cases can be solved by using a frequency 

converter (FC), however, all FC models are intended for AM SCs, while until the mid-90s the most 

common variable AC drives were electric drives equipped by an asynchronous motor with a phase rotor 

(AD PR) as they provided easy speed regulation through the rotor circuit. Such drives are usually used in 

hoisting and transport machines (conveyors, cranes, etc.). Direct transfer of the abovementioned drives to 

frequency-controlled mode is quite complicated due to the fact that standard inverters are designed to work 

with AM SCs having no phase rotor winding, and whose short-circuiting leads to additional electromagnetic 

losses in comparison with AM SC. An upcoming engineering trend is the development and research of 

synchronized AM control systems. 

1 Introduction  

The relevance of the study is determined by the 

following capabilities of synchronized machines [1,2]: 

1) shunt characteristics; 

2) reduction in electricity consumption; 

3) easy speed maintaining in deep control mode. 

The advantage of a synchronized asynchronous 

electric drive is that a precise speed maintaining does not 

require a complex computer and the use of speed sensors 

on the motor shaft. Apart from this, a synchronized 

asynchronous electric drive allows improving the energy 

characteristics and increasing the overload capacity, 

compared to an electric drive based on an AM SC [3]. 

When implementing synchronous frequency start 

with the rotor powered from the DC link of the current 

inverter, no additional starting power elements on the 

stator or rotor side are required, only the control system 

of the FC changes in relation to the control circuit for 

static modes. Therefore, along with the advantages, 

synchronous frequency start requires a more complex 

auto control system [4,5].  

The synchronous mode of the motor has among 

others one advantage over the asynchronous mode which 

is the ability of the motor to change the magnitude and 

mark of the reactive power when adjusting the 

magnitude of the excitation current [6]. With direct 

connection of the stator winding to the supply mains 

providing motor overexcitation, reactive power is 

supplied to the supply mains network and, if 

underexcited, is consumed from the network, there is 

therefore a fundamental possibility of influencing the 

energy exchange process between the motor and the 

power supply system by controlling the excitation 

current of powerful synchronized asynchronous motors 

[7,8]. 

2 Approaches  

A wound-rotor induction motor operating in 

synchronous mode requires an accurate setting of the 

acceleration rate with its correction when the moment of 

inertia of the mechanism changes to ensure stable 

operation in the start-up mode carried out with a power-

up sensor [9]. Therefore, an additional internal stator 

current control circuit subject to the motor speed control 

circuit is introduced into the automatic control system of 

a synchronized electric drive built on a current inverter 

to increase the stability. The internal circuits for 

regulating phase currents of the stator are based on a 

relay current controller. The block diagram of the 

frequency synchronized asynchronous electric drive is 

shown in Fig. 1. 

The system of the frequency-controlled synchronized 

asynchronous electric drive uses a standard converter 

that feeds the stator winding. It contains an uncontrolled 

rectifier, the output of which is connected to the input of 

a controlled autonomous inverter. 

The electromagnetic field produced by the stator 

winding is determined by the output parameters of the 

frequency converter: the current I1 and the frequency f1. 

The device contains a rectifier 1 and an inverter 2, an 
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electric motor 3. The inverter is made on fully controlled 

valves - IGBT-transistors. The speed sensor 5 is 

mounted on the motor shaft, the sensors 4 supply the 

voltage and current signals to the control system 6. 

The stator current frequency is generated using the 

power-up sensor in the start-up mode. When reaching 

the given stator current frequency, the control system 

switches to the operating mode at the required speed. 

The current regulator operates according to the relay 

control. As a result of the comparison, we get the 

difference between the given and the actual values of the 

current in phases at the adders outputs [10,11]. The 

received signals are sent to the hysteresis inputs 

operating according to the following algorithm: 

• when reaching the difference between the phase 

current set value and the phase current measured value 

of the threshold upper limit, the upper-arm valve is 

switched on and the lower-arm valve of the 

corresponding phase is switched off; 

• when reaching the difference between the phase 

current set value and the phase current measured value 

of the threshold lower limit, the upper-arm valve is 

switched off and the lower-arm valve of the 

corresponding phase is switched on [12,13]. 

Then the signal from the hysteresis output is fed to 

the output of the transistors control of the corresponding 

phase. The switching frequency of power transistors can 

be 10 kHz [14]. 

Since the system generates only instantaneous values 

of the current moduli, and the instantaneous value of the 

stator voltage may differ from the set value due to 

external disturbances, the stability of the system is 

determined not by the value of the load angle θ, but by 

the nature of the system's response to external 

disturbances. The stability criterion here is the same as 

for a conventional implicit-pole synchronous machine: 

with a load surge, the motor torque must increase, 

compensating for the load torque, in this case the mode 

is considered stable [15-17].  

Drawing up a vector diagram to analyze the 

operating modes of the synchronized electric drive 

system (Figure 1), we fix the position of the stator 

current vector and direct it along the vertical axis [18]. 

The system automatically generates the moduli of the 

stator and rotor currents according to the motion 

equation, while the motor torque is proportional to the 

area of the triangle formed by the stator current, rotor 

current and magnetizing current. 

 By the cosine theorem, the area of a triangle formed 

by two vectors is maximal if the angle between them is 

90 degrees. In the motor a load surge or load shedding 

primarily leads to rotation of the rotor current vector 

relative to the fixed stator current vector: with a surge, 

the angle between them decreases, and with a drop it 

increases [19]. From the abovesaid we can conclude as 

follows: with constant I1 and I2 values, the synchronized 

asynchronous machine will be stable only in modes 

when the angle between them is greater or equal to 90 

degrees. 
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Fig. 1. Connection diagram of the synchronized motor. 
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Fig. 2. Vector diagram to analyze the operating modes of the 

synchronized electric drive system. 

The torque angle control circuit operates in the 

control system, which corrects the stator current 

frequency setting signal to reduce the rotor oscillations 

arising during the motor start-up. Adjustment of the 

torque angle control circuit is made considering the 

following features: 

• the oscillation amplitude of the torque angle 

depends both on the electrical and mechanical 

parameters of the motor;  

• static load on the drive shaft is determined by the 

average torque angle for the period of free oscillations 

[20]; 

• to quench the oscillations arising in the drive, 

according to classical mechanics, it is necessary to apply 

the control action in one phase with the oscillations of 

the system. The adjusting factor is chosen out of 

necessity to adjust the torque angle rapidly. 

The factor is set to less than unity to have a stable 

system, but increasing it, the operating speed of the 

torque angle control circuit increases. Hence, it is 

practical to determine it independently for each separate 

electric drive. The time constant T is determined by the 

free oscillations frequency of the electric drive system, it 

should not be less than this frequency. Excessive 

increase leads to a degradation in the system dynamic 

characteristics when the load on the shaft changes. 

3 Result  

The proposed control system was modeled in the Matlab 

Simulink software environment (Fig. 3) [21]. The results 

of the simulation are shown in Fig. 4.  

4 Conclusions  

The synchronous asynchronous electric drive control 

system is designed and simulated in the work. Since the 

stability of the considered electric drive is greatly 

 

Fig. 3. Model of the synchronized asynchronous electric drive. 
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influenced by the value of the torque angle, the prompt 

speed setting was corrected in the control system in 

order to maintain this angle constant in the start-up 

mode. The vector correction of variables introduced into 

the scalar control system allows to orient the stator 

current vector relative to the rotor flux-linkage vector at 

any moment. Thus, the starting torque is stabilized in the 

synchronized frequency drive control system. This 

allows to use this ED on mechanisms with a cyclic 

operation mode.  
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