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Abstract. At the end of the last century asynchronous motors with a phase rotor were most widely used 

among adjustable-speed AC drives. They were used for conveyors, transporters, cranes. That was due to the 

relative simplicity to adjust the motor speed by acting on the rotor chain. The introduction of a frequency 

control method in such drives is now complicated by the fact that most frequency converters are designed to 

be used in drives with a cage asynchronous motor. Shorting of a phase winding leads to highly increased 

losses during acceleration and motor speed control. If the stator winding of a wound-rotor asynchronous 

motor is connected to a frequency converter and the rotor winding is connected to a DC link of this 

converter, the motor will have properties of a synchronous one. The electric drive is able to work in a wide 

range, while motor characteristics are absolutely rigid. The implementation of such control method is 

presented in this article.  The control system operation has been tested with simulation in the Matlab 

Simulink software pack. The obtained results are defined as follows. 

1 Introduction 

There is a number of production mechanisms that require 

control systems to obtain absolutely rigid performance 

characteristics and a wide range of speed control. In such 

mechanisms it is advisable to use a synchronized electric 

drive based on a wound-rotor asynchronous motor [1,2]. 

A wound-rotor asynchronous motor is put into 

synchronous mode by supplying a direct current to the 

rotor winding [3]. Since DC flows through the rotor 

windings of the motor and the rotor speed of the motor 

does not depend on the load on the shaft, which is typical 

for a synchronous machine, the wound-rotor 

asynchronous motor operating in such mode is called 

synchronized [3]. 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 [4]. 

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 

[5]. 

2 Approaches 

The connection diagram of the synchronized motor is 

shown in Fig. 1. The rotor winding is connected to a 

constant-voltage source in accordance with the diagram 

shown in the figure. The diodes in the diagram are used 

to exclude free currents in a closed circuit formed by two 

paralleled rotor windings. On completing the 

electromechanical transient process, connected with the 

start-up of the electric drive and retraction of the motor 

in synchronism, the motor continues to work in a static 

mode, possessing all the characteristics of a synchronous 

nonsalient pole motor of the classical type. 
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Fig. 1. The connection diagram of the synchronized 

asynchronous motor. 
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A wound-rotor asynchronous 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. 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. 

2. 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 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 block diagram of the control unit 

implemented in the Matlab Simulink software pack is 

shown in Fig. 3. 
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Fig. 2. Connection diagram of the synchronized motor. 

 
Fig. 3. Control unit diagram. 
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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 [6]. 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. 

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. 

The torque angle  is an important parameter for 

synchronous mode of an asynchronous motor [3]: 

 
1 2 nq dt p dt = −   (1) 

where ω1 – the circular frequency of the stator voltage; 

ω2– the rotor speed; pn – the number of pairs of motor 

poles. 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 

[7]; 

- 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 [8]. 

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 [9]. 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. Thus, the time constant is recommended to be 

chosen in the limit: 

 
0(1 2)T  (2) 

where T0 is the period of free oscillations of the electric 

drive open system. 

The corrected current signals at the output of the 

phase currents unit are determined by the formulas: 
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where ω0 is the correction signal. 

In the start-up mode, the rate of change of the 

frequency signal is set by the power-up sensor tuned in 

 
Fig. 4. Model of the synchronized asynchronous electric drive. 
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accordance with the value of the total inertia moment of 

the drive and the required acceleration [10].  

If the selected acceleration is slightly overrated and 

the motor rotor does not have time to change its speed 

with a given tempo, the signal corrects the acceleration 

rate and stator current frequency. 

3 Result 

The proposed control system was modeled in the Matlab 

Simulink software environment (Fig. 4) [11]. The results 

of the simulation are shown in Fig. 5. 

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 

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. 

 

Fig. 5. Simulation results of a synchronized asynchronous 

electric drive. 
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