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Abstract. Application of asynchronized generators (ASG) in distributed generation plants allows to obtain 

the following positive results: increase stability margins; expand reactive power adjustment ranges; simplify 

processes of synchronization to line due to possibility of frequency and EMF phase control; ensure the unit's 

operation in synchronous mode when one of excitation windings is damaged. The work provides description 

of the developed ASG computer model and the system of excitation automatic control. The studies are 

conducted in the MATLAB system using the Simulink and SimPowerSystems software packages. 

Emergency modes were simulated for the mains with ASG-based distributed generation plants in conditions 

of inferior power quality. ASG influence on emergency modes and levels of harmonic distortions in the 

mains were determined. 

1 Introduction  
Application of distributed generation (DG) with 
advanced control system and building smart electrical 
energy systems (EES) with  active-adaptive network is 
the vector of development in the contemporary electric-
power engineering. DG plants can be built based on 
synchronous (SG) and asynchronized generators (ASG) 
[1]. Asynchronized machines can operate not only in 
delivery modes, but also in modes of significant reactive 
power consumption [1-3], which allows to increase the 
EES stability and controllability. In addition, ASG 
possess a number of adaptive features ensuring the 
following positive results at their application [1-4]: 
enhancing the efficiency of DG plants and stability of 
their parallel operation; wider ranges of reactive power 
adjustment; improvement of synchronization to line, etc. 

Asynchronized generators can be used both for 
traditional thermal power plants and hydraulic power 
plants (HPP) of high and mid power, and for wind power 
generation plants and for tidal power plants [6], as well 
as in frequency electromechanical converters [7]. 

The asynchronized generator is a type of doubly fed 
machine [8]. Its main difference from the synchronous 
generator is the presence of several excitation windings 
shifted relative to each other and connected to an 
alternating current source [9]. 

The article describes the developed computer model 
of high-voltage ASG with an automatic excitation 
control system (AEC) using IGBT transistors and a 
proportional-integral-differential (PID) rotor frequency 
controller. Emergency modes were simulated for the 
mains with distributed generation plants based on ASG 

and SG in conditions of inferior power quality. Effect of 
ASG on EES emergency and post-emergency modes and 
levels of harmonic distortions was determined. Multiple 
experiments conducted allowed to determine the effect 
of the proposed AEC system on stability and efficiency 
of ASG operation during power mains failures. 

2 Description of ASG model and the 
mains under consideration  

A circuit with two DG plants based on turbine 
generating units with SG or ASG was studied (fig. 1). 
The mains under study was operating using inferior 
power quality with respect to harmonicity of voltage and 
current curves. Parallel operation of DG plants through 
transformers and overhead power lines (OPL) with EES 
of 35 kV was assumed as reference conditions. Three-
phase fault on OPL1 and its disconnection on two sides 
in 0.1 s were assumed as the emergency mode. 
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Fig. 1. The diagram of the mains under study. 
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The studies were conducted in the MATLAB system 
using the Simulink and SimPowerSystems software 
packages. Fig. 2 provides a diagram of the model 
invented for study of ASG influence on the emergency 
modes in conditions of inferior power quality. It 
included models of the following elements (fig. 2): 
asynchronous machine (unit ASG 1000 kW); excitation 
system (Excitation system unit for ASG); a turbine 

(Steam Turbine unit); voltage and speed controllers (PID 
Controller units); active-inductive load (Load units); 
equivalent high-power EES (System 35 kV unit); 
measuring instruments, filters and oscilloscopes; 35 kV 
power lines (Line units); 3/35 kV power transformers 
(3/35 kV Transformer units); and the source of voltage 
curves harmonicity distortions (Three-Phase 
Programmable Voltage Source unit). 

 

Fig. 2. The diagram of the mains under study model in Matlab. 

 
The 3-rd and 5-th harmonics generation in EES node 

was simulated. Oscillograms of voltage signal on EES 
buses and its harmonic composition are shown in fig. 3. 

A controlled inverter that receives power from the 
DC voltage source is proposed to be used as the ASG 
excitation system in the model. The inverter, built on 
IGBT transistors, generated sinusoidal voltage with 
12 Hz frequency which was received by the ASG rotor 

three-phase winding. The diagram of the ASG excitation 
system model with regulators built in MATLAB, is 
shown in Fig. 4. 

The voltage on the ASG stator winding calculated 
based on the longitudinal and transverse components, 
was compared with the set setpoint and the deviation 
was transmitted to PID controller (PID controller unit in 
Fig. 4). 

 

      
a)            b) 

Fig. 3. Voltage oscillograms in EES node (a) and harmonics composition in the mains under study (b). 
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Fig. 4. The model diagram of the ASG excitation system in MATLAB. 

 
Then, using the special units (Discrete Virtual PLL, 

abc to dq0 in Fig. 4) sinusoidal voltages were generated 
that were transmitted to the control signals generator 
with pulse-width modulation (PWM Generator). In order 
to control the frequency of the voltage generated by the 
inverter, the use of frequency deviation signal was 
provided for, which was further added to a reference 
frequency of 12 Hz Discrete Virtual PLL unit. The 
positive influence of ASG [4] rotor winding voltage 
frequency fP control signal was shown below. The 
frequency calculated in this way was the master 
frequency for the control signals generator. After this, 
the signals generator formed control pulses for the 
inverter IGBT transistors (IGBT Inverter in fig. 4). 
Three-phase voltage was applied on ASG rotor winding 
from the inverter after the LC-filter. 

To maintain a set rotational frequency of the generator 
rotor PID controller was applied (PID controller unit in 
Fig.1) that was affecting the turbine. The following ASG 
parameters were used for simulation: rated power 
Рr = 1000 kW; synchronous frequency rate n0 = 1000 rpm; 
efficiency factor η = 95.5 %; power factor cosφ = 0.858; 
rated voltage U = 3 kV; rated current I = 118 А; locked 
rotor current ratio 6.3; starting torque ratio 1.2; number of 
poles pairs р = 3. 

Mathematical model of steam turbine used in DG plants 
is represented with the following transfer function: 
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where PT – the turbine mechanical power; � – opening of 
a control unit; TT – time constant of the turbine, 
determined by the delay in the conversion of energies 
(assumed to be 0.2 s); s – a complex variable. 

3 Simulation results 
The emergency mode was simulated as a result of a 
three-phase fault and disconnection of OPL1 (fig. 1); in 
this case, SG and ASG influence on power quality 
indices (PQI) and transient processes in EES were 
compared. To compare with ASG, a standard model of 
synchronous machine from SimPowerSystems package 
with similar parameters was used. At SG simulation, 
AEC and automatic speed controller (ASC) operating 
under PID law, were used, whose detailed description is 
given in works [10, 11]. AEC and ASC tuning was 

carried out using PID Tuner program of automatic tuning 
of MATLAB system Simulink Control Design package. 

Simulation results indicated that the use of ASG in 
DG plants allows to enhance power quality in the normal 
and post-emergency modes. Voltage harmonics factors 
in various operating modes of the mains are provided in 
table 1. 

Table 1. PQI in the mains under study on 3 kV buses. 

Mains operation mode Voltage harmonics factor, %  
kUa kUb  kUc 

1. Without DG plants 11.02 11.02 11.02 
2. With DG plants 
based on SG 

9.27 9.27 9.27 

3. With DG plants 
based on ASG 

6.58 6.58 6.58 

The time dependences of voltage on DG1 plant buses in 
emergency and post-emergency modes are provided in fig. 
5. Graphs for the rotor rotational frequency and generator 
voltage deviations when using SG or ASG, are provided in 
fig. 6. For DG2 plant the graphs are similar. When using 
synchronous generators, the loss of stability, significant 
voltage dips (fig. 6, b), rotor rotational frequency 
fluctuations (fig. 6, a) and frequency in the mains (fig. 7) 
are observed. When using ASG with the proposed AEC 
system, one manages to ensure stability and maintain the set 
levels of voltage and frequency (fig. 6, 7) in all modes 
under consideration. The comparison of ASG and SG in the 
course of simulation indicated a significant increase in the 
asynchronized generator stability margins.  

The efficiency of using the frequency deviation 
signal for its adjustment on ASG rotor winding is 
provided in fig. 8 when ASG2 connection to the mains 
by self-synchronizing method was simulated. Maximum 
deviation of ASG rotor rotation frequency from the rated 
value is reduced by 4%, and voltage dip is decreased by 
2%. In this case, oscillability and transition process time 
for voltage and frequency are reduced. 

A similar effect is observed in emergency and post-
emergency modes for ASG parameters adjustment when 
AEC signal is used for changing voltage frequency on 
rotor winding. By way of example, fig. 9 provides 
oscillograms of ASG rotor rotational frequency deviation 
in the emergency mode. When using the frequency 
deviation signal in the excitation control system, the 
rotor rotational frequency deviation is reduced by 14%. 
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a) ASG were used 

b) SG were used 

Fig. 5. Time dependences of DG 1 plant generator voltage. 

  
a)          b) 

Fig.6. Oscillograms of rotor rotation frequency deviation from the rated rotor rotational frequency (a) and DG plant generator voltage 

(b) in conditions of line short circuit and its disconnection by protection: 1 – SG was used; 2 – ASG was used. 

  
а) when SG was used        b) when ASG was used 

Fig.7. Frequency oscillograms in the mains in conditions of line short circuit and its disconnection by protection. 
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a) 

b) 

Fig.8. Oscillograms of rotor speed deviation (a) and voltage (b) of ASG2 when it is connected to the mains by self-synchronizing 

method: 1 – without changing voltage on rotor winding; 2 – frequency on rotor winding was changed automatically. 

 
Fig.9. Oscillograms of ASG rotor speed deviation in conditions of line short circuit and its disconnection by protection: 1 – without 

change of frequency on the rotor winding; 2 – automatic control of frequency on the rotor winding. 

 
In general, simulation results indicated that using 

ASG and the proposed AEC system on IGBT transistors 
with possibility of voltage frequency control on rotor 
winding, in the distributed generation plants, smooth 
change of the set parameters is ensured, thus 
significantly reducing voltage and frequency fluctuations 
in the mains. It should be noted, that optimal tuning of 
parameters of the proposed AEC and ASC of the 
asynchronized generator, would allow to obtain an 
additional effect with regard to enhancing stability and 

quality of the mains parameters adjustment with DG 
plants based on ASG. 

4 Conclusion 
The computer modeling results allow us to make the 
following conclusions: 

1. The use of ASG in DG plants improves power 
quality in normal and post-emergency operating modes 
of the mains. 
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2. Comparison of ASG and SG operating modes in 
conditions of inferior power quality indicated higher 
stability margins of the asynchronized generator. 

3. Using the mains frequency deviation signal to 
change the frequency of voltage supplied from the 
inverter to ASG rotor winding, allows to enhance the 
efficiency of voltage and ASG rotor speed when it is 
energized from the mains by the self-synchronizing 
method: maximum deviation of ASG rotor speed from 
the rated value is reduced by 4%, and voltage dip is 
decreased by 2%. A similar effect is observed in 
emergency and post-emergency modes when voltage 
frequency is changed on the rotor winding. 

4. Asynchronized generators can be effectively used 
in the distributed generation plants. Optimization of the 
proposed asynchronized generator AEC and ASC system 
parameters tuning would allow to obtain an additional 
effect with respect to increase in stability and quality of 
the parameters adjustment of the mains with DG plants 
based on ASG. 
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