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In this work, the performance analysis and discussion of a space vector modulation technique 
used for a three-phase direct matrix converter feeding  a three-phase induction motor is 
presented. For  this, the  induction motor models and the method of the space vector 
modulation technique are developed. Then, the overall electrical drive system is simulated 
using MatLab/Simulik software. Results obtained from simulation are the harmonic spectrum 
analysis of the motor current and the total harmonic distortion for unbalanced input voltages.  
These results show the good performance of the control system strategy. 
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1. Introduction      
 

Advances in power electronics have enabled the development of a new generation of 

static power converters to drive various industrial applications, including renewable energy 

and variable speed power generation [1, 2]. 

Indeed, the variable speed drives offer significant advantages such as the rationalization of 

the energy expenses, the motors’ consumption which is strictly necessary for the 

application, on the power supply network This reasonable electric consumption eliminates 

at the time of starting the strong amplitudes of the currents called asynchronous motors. In 

addition, the matrix converter (MC) controlled in this study has several advantages over 

conventional converters. 

Indeed, for a sinusoidal input, a sinusoidal output waveform is provided, with a minimum 

of harmonics, thanks to the inherent possibilities of bidirectional energy flow. 

The input power factor can be fully controlled. It requires minimal energy storage, which 

allows it to get rid of the clutter and limited energy storage time of capacitors. However, the 

matrix converter requires powerful control algorithms to manage the switching of the 

switches. The maximum voltage transfer ratio is limited to ≅  87% for an output and input  

sinusoidal-shaped. It requires more semiconductor devices than the conventional indirect 

converter. 

Several modulation algorithms are developed to control the various bidirectional switches 

of the direct type matrix converter. Among these different control strategies are Venturini, 

scalar and space vector modulation (SVM algorithms.) 

Pulse modulated voltage inverters (PWM) are very interesting for researchers.  They have 

used it especially for the AC machines. There are several methods of controlling these 

converters. Among them, two control variants stand out: sinusoidal pulse width modulation 

(SPWM) [1, 3] and space vector pulse width modulation (SVPWM) [4, 5]. It is certain that 

the choice of a better inverter control strategy, feeding a three-phase asynchronous machine 

with cage, improves considerably the system performances 
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For this reason, we adopt vector modulation, which has the advantage of minimizing 

current harmonics, reducing torque pulses and ensuring a higher modulation index (15%). 

The load current is sinusoidal and the current source does not contain only high and 

multiples  harmonics of the sampling frequency [3, 4]. 

It allows the adjustment of the displacement factor of the current source, which reduces the 

reactive power consumption and therefore optimizes the size and power of the installed 

equipment. 

The following parts of the paper are organized as follows: section 2 presents the 

mathematical model of the AC induction motor. In Section 3, we develop the adopted 

control strategy of the direct matrix converter. Section 4 is devoted to the simulation results 

and discussion of the technical performance in the case of balanced and unbalanced states. 

In section 5, we highlight a conclusion. 

 

 

2. Design and modeling of the control method  

 

       Fig. 1 represents the induction motor and the matrix converter which is controlled 

with SVM method. 

 

GRID

Input 

Filter

SAa

SBa

SCa SCb

SBb

SAb

SCc

SBc

SAc

SVM Control 

Technique

Load

       Matrix converter 

(MC)

Va

Vb

VC

VA

    VB

VC

Q1 D1Q2

D2

Induction 

motor(ACIM)

 
Figure.1: Block Diagram of DMC-IM 

 

2.1. Mathematic model of the doubly fed induction motor  

 

 In the reference "dq" the components of the stator and rotor voltages are written by (1) 

and (2), respectively [7-9]: 
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Where the flux components are given as follow: 
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Where ,  Ls= Lls+M   and   Lr=Llr+M . 

 

Hence, the representation as state space is: 
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And, the equation of dynamic motion and electromagnetic torque are given, respectively, in 

the following expressions: 

 

                                  (6) 

                                                        (7)   

Tem: electromagnetic torque; 

Tr: load torque; 
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p: number of pole pairs; 

J: moment of inertia; 

Ω: rotational speed. 

 
2.2. Matrix converter modeling 

The matrix converter (MC) is an AC/AC converter made of nine (9) bidirectional switches. 

The  Matrix  Converter  of  3x3  switches ( see Fig. 2) has  the  highest  practical  interest  

because  it connects a three-phase voltage source with a three-phase load. With the initial 

progress made by Venturini, it has received considerable attention in recent years [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Matrix converter  structure. 

 

The bidirectional power switches operate with high switching frequency. A low 

frequency output voltage of variable amplitude and frequency can be generated by 

modulating the duty cycle of the switches using their respective switching functions. The 

MC has 27 possible switching states and the switching function of every switch is defined 

by [11].   
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Where,  k=A, B, C and  j=a,b,c. 

 The constraints discussed above can be expressed as follow: 

 

        
1=++ CjBjAj SSS                                                                          (10) 

 

The MC connects any input phase (A, B, and C) to any output phase (a, b, and c) at any 

instant. When connected, the voltages van, vbn, vcn at the output terminals are related to the 

input voltages VAo, VBo, VCo . The input and output quantities of the considered MC are, 

mathematically, related to each other by the connecting matrix. The use of this matrix leads 

to the equations written by (11) and (12). 
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Where, SAa through SCc are the switching variables.  

 

The three phase-to-phase voltage systems VAB, VBC, VCA are the components of a voltage 

vector  defined by the relation: 

 

                              (12) 

 

By the way, the input phases currents (  are expressed in the following matrix form: 
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Furthermore, 

 

                                        (14) 

 

 

2. Description of SVM control method 

 

The concept of vector modulation (SVM) is generally used for inverter control and then 

applied to matrix converters. This approach is based on the spatial vector  representation of 

the output voltage vector  ( )  and the input current vector ( ) in the dq frame. The space 

vector is obtained from the Concordia transform. 

Vector modulation consists in synthesizing output voltages from input voltages and 

input currents from output currents. 

 

In the Space Vector approach, the 27 possible switching combinations are divided into 

three groups. Out of the three groups only 21 places for useful space vectors (18 of which 

are non-zero and 3 are zero). Fig.2.8a shows the output voltage vector and Fig.2.8b shows 

the input current vectors. KV denotes the output voltage vector sector and KI denotes the 

input current vector sector. The output phases are indicated by a, b, and c, and the input 

phases are indicated by A, B, and C. Based on equations (12) and (14), we can draw the 

following table used in the SVM [11 , 12, 13]. 

 

Table.1.The different possible configurations 
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Figure. 3.  Voltage’s plan. 
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Figure. 4.  Current’s plan 

 

4. Simulation results 

 

The system studied above consists of a three-phase induction motor driven by a matrix 

converter. So, the SVM method applied at matrix converter-DMC drive has been simulated 

using the MatLab/Simulink package program. Subsequently, simulation results are 

presented to verify and validate the proposed structure of  control. 

In order not to encumber the content of this work, only two main cases related to the 

behavior of phase_a are highlighted in this study (first phase) stator. At the begining, the 
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network parameters (amplitude and phase) are considered nominal after the case where the 

phase_a under goes a decrease of 25% of its nominal amplitude. Finally, the corresponding 

results are analyzed and discussed.  However, Figures (5 to 12) and (13 to 18) represent, 

respectively, the results of simulations when the parameters are nominal (reference case) 

and the phase_a imbalance case. Those results represent, each in turn, the shapes of the 

voltages of the network (a) which are directly connected to the stator of the induction 

asynchronous motor, the shapes of the voltages at the output of the matrix converter ,the 

speed , the torque , the stator currents and finally the spectral analysis of the current of the 

stator phases.  

Analysis of the results shows that the case of unbalanced voltages remarkably affects 

the operating behavior of the motor for the control structure of a ACIM-matrix converter 

electric drive. Oscillations occur in speed and torque. The rate of distortion harmonics is 

remarkable. This fact therefore, requires sophisticated and high-performance controls of the 

assembly to make an insensitive system. 

 

• In the case of balanced voltages 

 
 

Figure. 5.  Balanced voltages. 

 

 
 

Figure. 6.  Input voltage of matrix converter 
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Figure. 7. Stator voltages. 

 

 
Figure. 8.  Output voltage of matrix converter 

 
 

Figure. 9. Phase’s currents. 
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Figure. 10. Motor’s torque 

 
 

Figure. 11.  Motor’s speed 

 

 
 

 Figure. 12. Characteristic performances under nominal conditions. 

  

• In the case of unbalanced voltages amplitude (220v,200v,180v) 
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  Figure. 13.  Input voltages of matrix converter 

 

 
 

 
 Figure. 14. Output voltages of matrix converter 
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Figure. 15. Motor speed 

 

 
 

Figure. 16. Electromagnetic torque and reference.  

 

 
Figure.17. Current’s stator 
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Fig. 18. Characteristic performances under unbalanced conditions 

 

6. Conclusion 
 

The performance analysis of a control system consisting of a three-phase induction motor 

fed by a direct matrix converter controlled by space vector modulation was the subject of 

this work. In addition, the operation with a power supply at nominal parameters, which is 

the case of unbalanced stator phase voltages, has also been considered. The analysis shows 

that such structure inevitably requires adequate controls in order to reduce the impact of 

unbalance on the motor behavior and to improve the performance of the whole system. 
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