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Abstract—  

This paper investigates the disturbance rejection capability of the matrix converter 

(MC) for wind energy conversion system (WECS). In this paper, development of adaptive 

fuzzy control algorithm cooperated with space vector pulse width modulation for MC is 

proposed to enhance disturbance rejection capabilities. The control system is implemented 

on a dSPACE DS1104 real time board.  Feasibility of the proposed system has been 

experimentally verified using a laboratory 1.2 kW prototype of WECS under varying wind, 

load and disturbance conditions. 
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I. INTRODUCTION  

Now a day’s, system operators in many countries have recently established transmission and 

distribution system grid codes that specify the range of voltage conditions for which WTG must 

remain connected to the power system. These are commonly referred to as the disturbance ride-

through specifications. Achieving this ride-through requirement is a significant technical issue on 

which turbine manufacturers are working [1].  

Considering that there are various commercially available WTG designs, including squirrel- 

cage induction machine based, doubly-fed induction generator based, and full rated series 

converter-based designs, there are various problems that must be overcome in achieving the fault 

ride-through requirements and some solutions have been proposed. For instance, the study 

described in [2] suggests improving the generator terminal voltage during a grid fault using shunt 

reactive power compensation. Optimizing the parameters of the current control loops in the 

rotor-side converter is proposed in [3].  

The use of the crowbar is evaluated in [4] and a non-linear controller is designed in [5]. The 

inherent difficulty of ride-through control during a symmetrical grid fault is explained in [6]. In 

[7], wind-turbine voltage ride-through capabilities were investigated for the squirrel-cage design 

using different reactive compensation techniques such as fixed capacitor and an SVC, which 

primarily addresses the support of network voltage during a fault. 

But, recently matrix converter have got lot of attention by the researchers, because of their 

robustness and reliability, it is a suitable solution to meet new regulations to ride through real 

grid conditions in wind energy applications as compared to back-to back voltage source 

converter (VSC). Although the MCs have numerous applications, this paper is situated in the use 

of this approach in the wind energy conversion system (WECS). MCs have many advantages, 

which are well documented in the literature [8]. MCs provide bidirectional power flow, 

sinusoidal input/output currents, and controllable input power factor [9]–[14].  

When compared with conventional back-to-back converters, the MC has some significant 

advantages. For instance, due to the absence of components with significant wear-out 

characteristics (such as electrolytic capacitors), the MC can potentially be very robust and 

reliable. The amount of space saved by an MC, when compared with a conventional back-to-

back converter, has been estimated as a factor of three [15], [16]. Therefore, due to its small size, 

in some applications, the MC can be embedded in the machine itself [16]. Furthermore, there is 
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not an intrinsic limitation to the power of an MC. An MC of 150 kVA [15] has already been 

fabricated and tested for military applications. MCs in the megawatt range have not been 

fabricated yet, but the devices required for building them are commercially available.  

Based on above merits of matrix converter, this work presents experimental investigation of 

the developed laboratory 1.2 kW prototype of MC based wind energy conversion system. An 

adaptive fuzzy logic control along with SVPWM switching have been used to enhance 

disturbance rejection capabilities under different conditions. Novelty of this work is that reversed 

matrix converter in voltage-boosted capability with lesser no. of switches incorporated with 

adaptive fuzzy control as compare to traditional matrix converter is experimentally investigated 

and validated for WECS.  

II. PROPOSED WECS 

Fig. 1 shows the block diagram of the proposed unidirectional indirect matrix converter (MC) 

and PMSG based wind energy conversion system. The main advantages of the proposed WECS 

when compared to traditional WECs are low harmonic content, can  accommodate large terminal 

voltage excursions at either side of the MC, any input to output frequency ratio, large frequency 

variations at either side of the MC, and unbalanced grid conditions. Total harmonic distortion 

(THD) of output voltages and currents are in consent with the permissible limits of IEEE-519 

standard, which severely restricts line harmonic injection. 

 

 

 

Fig. 1.  Schematic diagram of proposed WECS. 

 

 

A. Wind Turbine Model 

In this paper, a wind turbine emulator which drives the PMSG is developed for laboratory 

tests. Fig. 2 presents the structure of the wind emulator. The wind speed changes and load 
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switching conditions are performed using the wind turbine emulator, which consist of 4-quadrant 

controlled chopper dc drive, whose control is implemented using dSPACE DS1104 real time 

board. It obtains the wind speed values and, by using the turbine characteristics and dc motor 

speed, calculates the torque command of the wind turbine. In this way, it is able to reproduce the 

steady and dynamic behavior of a real wind turbine to the energy conversion system. 

The aerodynamic torque (Tm) and power captured (P0) by a wind turbine is given by [16]           

   2

w

3

ωpm VRλ)(C
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1
T                      (1) 

     3

wrp0 VAρC
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1
P                                (2)  

   where P0 is the power in watt, ρ  the air density in kg/m
3
, Cp a dimensionless factor called 

power coefficient, Ar the turbine rotor area in m
2
 (Ar = Rr

2
, where Rr is the rotor blade radius), 

and Vw wind speed in m/s. 

 

 

 

Fig. 2.   Wind emulator system. 

 

Fig.3 illustrates the steady-state power-speed characteristics and the maximum power point 

attained at each wind speed (marked). The power coefficient is related to the tip speed ratio  

and rotor blade pitch angle  according to equation (3) [16], as shown in Fig. 4. 
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Fig. 3.  Power-speed characteristics of a wind turbine. 
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Fig. 4.    CP −characteristics of wind turbine 
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In (5) m is the angular speed of the turbine shaft. By substituting V from equation (5) into (2), 

we get 
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At any given wind velocity, maximum power can be captured from the wind, if the shaft 

speed is adjusted at the value corresponding to the peak power. The novel idea in this paper is to 

change the angular frequency of PM synchronous generator through SVPWM control of voltage-
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boosted matrix converter to track the shaft speed corresponding to the maximum turbine power 

at all times.  

B. Adaptive Fuzzy Control System 

The control strategy leads the wind generation system to capture the maximum power from 

the wind and make the machine work with higher efficiency by changing the flux in the air-gap. 

It also controls the terminal voltage. All the control objectives are achieved through improved 

SVPWM based reversed matrix converter. Control algorithm has been developed in 

MATLAB/Simulink programming environment using dSPACE DS1104 kit, which is very 

flexible and powerful system featuring both high computational and comprehensive IO 

periphery.  

 

(a) Angular frequency and voltage regulator 

        

 

 (b) Fault detection control system 

Fig. 4: Proposed control systems 

 

Fig. 5.   Schematic of the developed laboratory prototype. 
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It consists of two main subsystems: the Angular Frequency and Voltage Regulator (AFVR), 

which is active in normal operation mode, and the Fault Detection and Confrontation Control 

System (FDCCS), which is active when short circuit faults take place at the ac grid, as shown in 

Fig.4. In normal operation mode, the main objective of the AFVR is to achieve maximum wind 

power acquisition from the wind farms, driving the wind turbines to optimum aerodynamic 

efficiency. The scheme is explained in detail in [17]. 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

Fig. 5 shows the laboratory 1.2 kW prototype of reversed MC based wind energy conversion 

system built, using the MATLAB/Simulink and dSPACE DS1104, in order to allow real time 

control, experimental evaluation of system under different conditions. The LC filter between the 

MC and the grid consists of inductance of  mH5.1  and a capacitor of F5.12 . The laboratory 

prototype is investigated under different input/output conditions like abrupt change in wind 

speed, disconnection from grid, misfire in the converter, sudden out of one phase, varying load, 

wind; and fault conditions etc.  Selected experimental results are discussed below. 

A. Response Under Varying Load Condition 

Experimental response of the reversed voltage boosted MC based WECS under varying load is 

illustrated in Fig. 6, where the load is changed from full load to half load and then from half load 

to full load to simulate the transient load changing. The experimental waveforms of RMS load 

voltage, generator voltage, RMS load current, frequency, fictitious dc link voltage, modulation 

index, MC current and instantaneous three phase load voltage are illustrated in Fig. 6.  
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Fig. 6: Experimental waveform during varying load condition: (a) RMS load voltage, and RMS 

generator voltage; (b) RMS load current; (c) frequency; (d) fictitious dc link voltage; (e) 

modulation index; and (f) Instantaneous three phase grid voltage response when the load changes 

from full load to half load and from half load to full load.  

Examining the experimental waveforms of load current and load voltage in Fig. 6, it is verified 

that when the load is changed to smaller value, the load current is increased and so closed loop 

control commands the necessary control action to maintain the constant voltage magnitude. On 

the other hand, when load is change to larger value, load current is decreased and controller 

keeps the load voltage constant, as expected.  

The experimental results indicate that the generation system is able to stabilize load voltage 

under varying load changing by regulating the modulation index of MC, and thus evaluates and 

explores the disturbance rejection capability of the proposed system.  

IV. CONCLUSION 

In the proposed system, a control system that deals with varying load with a corresponding 

action is proposed. This system blocks the converter valves for a time interval which depends on 
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the severity of the fault and takes additional appropriate actions in order to alleviate the 

disturbances at the ac system, just after the de-blocking of the converter valves. Experimental 

results of the proposed control system for varying load condition demonstrate the robust 

enhancement to the disturbance ride-through performance over conventional control. The 

novelty of the proposed system is that it makes no assumptions on the input and output 

frequencies of the MC and so applicable under unbalanced input and/or output conditions.   
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