
 

 

Abstract—This paper proposes the wind generator system 
using the matrix converter method and evaluates them to select 
as a commutation method of the matrix converter. A matrix 
converter is the power converter which can output arbitrary 
voltage and frequency from AC input. The commutation of 
matrix converters must be careful so that the short circuit of 
power supply and the open circuit of load do not occur. The 
commutation methods are classified roughly into the voltage 
commutation method and the current commutation method. 
The fundamental performance of the wind power generation 
system using matrix converters are verified by discussing the 
simulation and experimental results. 

 
Index Terms—Wind power generation system, matrix 

converter 

 

I. INTRODUCTION 

matrix converter is the AC to AC converter which can 
output arbitrary voltage and frequency. It is high 
efficiency and small comparing with conventional 

power converters. The wind generator system using matrix 
converter as a converter was proposed. For a realization of 
the matrix converter method, the whole system including the 
windmill model, power system, main circuit consists of nine 
bidirectional switches and controllers are simulated. And the 
possibility of a realization using the real machine is 
discussed.  

In this paper, the matrix converter method is realized with 
simulation system using the wind emulator [5]. Also the 
wind generator system using the PWM converter is tested 
with experimental system to compare with the matrix 
converter method. In the simulation results, it is shown that 
the matrix converter has the sufficient performance as 
variable-speed wind generator system.  

II. WIND POWER GENERATION SYSTEM 

Fig.1 shows the WPGS using the AC to Ac converters. 
The gearless windmill is realized by adopting the multi poles 
PMSG. The gearless windmill reduces the acoustic noise 
and the maintenance cost. The windmill has the pitch angle 
control system. The pitch angle control system is activated 
beyond the rated wind velocity, and the windmill rotational  
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speed is kept at the rated value. The windmill rotational 
speed is controlled in order to maintain the energy 
conversion efficiency maximum under the rated wind 
velocity.  
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Fig. 1. Wind power generation system using AC to AC converters 

 
Fig. 2 shows the variable-speed wind generator system 

using the back to back PWM converters. The gearless 
windmill is realized by adopting the multi poles PMSG. The 
gearless windmill reduces the acoustic noise and the 
maintenance cost. The windmill has the pitch angle control 
system. The pitch angle control system is activated beyond 
the rated wind velocity, and the windmill rotational speed is 
kept at the rated value. The windmill rotational speed is 
controlled in order to maintain the energy conversion 
efficiency maximum under the rated wind velocity. The 
converter can control the windmill rotational speed from the 
cut in wind velocity to the rated wind velocity. Therefore, its 
variable speed range becomes a benchmark to evaluate the 
performances. 
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Fig. 2. Wind power generator system using PWM converters. 
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III. CONTROL SYSTEM 

A. Wind Turbine Emulator [2] 

Fig. 3 show the basic structure of wind turbine emulator.  

The wind turbine model is based on the blade element 

momentum theory [1]. The wind turbine model consists of 

the three dimensional table data of wind turbine 

characteristics and the mechanical model considering the 

difference between real wind turbine and induction motor. 

The wind velocity V0 is given as a condition of emulation. 

The windmill rotational speed ωr is detected with the rotary 

encoder (RE). The V0 and ωr are used as inputs of the three 

dimensional table.  

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Wind turbine emulator. 

 

B. Commutation Method of Matrix Converter 

Fig 4 shows the main circuit of MC. A matrix converter 
needs the 6 RB-IGBTs for each phase shown in fig. 4. The 
commutations of matrix converter must be careful so that the 
short circuit of input side and open circuit of output side do 
not happen. The voltage commutation and current 
commutation methods are proposed [3]. The voltage 
commutation method decides the commutation patterns 
based on relations of the magnitude of input voltages V1, 
V2, and V3. The current commutation decides the 
commutation patterns depending on the directions of output 
current I. 
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Fig. 4. Main circuit using RB-IGBT of matrix converter. 

C. Converter Control Method of PWM Converter [4] 

Fig. 5 shows the converter control method. In the 
operating range under the rated wind velocity, the speed 
regulator is used jointly with the torque current feed-forward 
control. In the operating range over the rated wind velocity, 
the pitch angle control system controls the wind turbine 
torque, and the converter control system carries out the 
electric power control and torque current feed-forward 
control.  

 

 
 
 
Fig.5. Converter control system of PWM converter. 

 

D. Inverter Control Method of PWM Converter [4] 

Fig. 6 shows the inverter control method. The wind speed 
control and electric power control are all carried out in the 
converter side. The inverter control system regulates the DC 
link voltage at 35V in order to carry out the wind speed 
control and electric power control in the converter side, and 
also in order to carry out the system cooperation.  
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Fig.6. Inverter control system of PWM converter. 

IV. IMPLEMENTATION PROCESS 

The implementation of matrix converter is evaluated with 
the simulation study using Matlab/Simulink. The Simulink 
models for matrix converter method are implemented. The 
Simulink models consider the windmill, the main circuits 
using RB-IGBT, the control systems, and the pitch angel 
control system. This paper verifies the fundamental 
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implementation of matrix converter by comparing with the 
implementation of PWM converter with simulation. 

Fig.7 shows the change of the wind velocity V0 [m/s]. The 
change of wind velocity includes the ranges of low wind 
velocity, middle wind velocity, and high wind velocity. The 
high wind velocity means the wind velocity that exceeds the 
rated value. All ranges include the sinusoidal change of 
amplitude 0.5 [m/s] and 0.2 [Hz]. 

 

 

 

 

 

 

 

 
 
 
 
 
 
Fig.7. Wind velocity. 

 
Figs. 8 and 9 show the simulation results of matrix 

converter method and the experimental results of PWM 
converter method. The simulation models for the wind 
power generation system using matrix converter are 
implemented by using MATLAB/Simulink. The simulation 
models consider the wind velocity, the main circuits, the 
control system. The signal fluctuations are superimposed at 
each wind velocity. The all schemes were simulated for the 
same change of wind velocity. 

 

V. CONCLUSIONS 

This paper described the control strategy of variable-
speed wind power generation system using matrix 
converters. The steady state and transient responses for wind 
velocity changes were tested for the variable-speed wind 
power generation system using PWM converter with the real 
machine. The simulation models of the variable-speed wind 
power generation system using matrix converter are 
implemented by using MATLAB/Simulink. The simulation 
results are compared with the experimental results of the 
variable-speed wind power generation system using PWM 
converter.  
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Fig.8 Simulation results for matrix converter. 
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Fig.9 Experimental results for PWM converter. 
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