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Abstract- This study analyses the performance between back to back and the matrix converters used through wind power 

system based on double fed induction generator (DFIG). The aim of this comparison is to design which converter is well 

exploiting wind power generation. It is defined as a comparison for each topology in controls, current quality generated by the 

DFIG and power losses in converters, every part is given in details with its simulation result. These last show that the better 

performances are obtained when DFIG is fed by the matrix converter. 
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1. Introduction 

Nowadays, the interest of renewables energies for power 

creation becomes increasingly useful due to declining of 

fossil energies more they don’t create pollution and effective 

life. Amongst these energies there is that of the wind which 

contributes towards power generation.   

Recently, the use of wind turbine increases because of 

improving the power electronics technologies and decreasing 

of the equipment costs. Wind turbine system consists of a 

mechanical part as well as an electrical part. The mechanical 

part includes blades and the gearbox however; the electrical 

part includes the generator speed and converters. This last 

one continues to progress. 

 Overall, many solutions are presented to produce wind 

power. From the beginning, researchers have been interested 

on the synchronous machines as generators [1]. For 

economic reasons, the use of these kinds of generators is 

becoming more and more down in favor of asynchronous 

generators. Even a large number of the wind turbine installed 

in the world focus on the asynchronous, this last has a small 

range of speed variation that is why people are more 

interested nowadays on the double fed induction generator 

(DFIG) for its wide speed variation range. The DFIG is an 

asynchronous machine consisting of a stator as well as a 

rotor. Usually, in wind power applications the stator is 

directly connected to the network whereas; the rotor is 

connected through the converter to the network. In literature, 

many configurations are proposed concerning the DFIG. The 

configuration with back to back converter which is widely 

discussed [2,3,4] due to its particular advantage which is the 

bi-directionality of power flow transfer.  

Recently, some researchers have studied the DFIG in 

wind turbines by using the matrix converter to connect the 

rotor to the grid [5,6,7]. Many strategies are adopted to 

control the matrix converter. After the initial appearance of 

matrix converter in 1976, several control algorithms have 

been proposed such as Venturini [6] and space vector 

modulation [8]. In this paper, an algorithm called Ph D [9] is 

used. The advantage of this algorithm rather than the others, 

it is the simplicity of control and there is no need to a phased 

locked loop (PLL).  

This work includes a comparison between DFIG wind 

power system using back to back converter and the matrix 

converter; the aim is to design which one is more performing 

on wind power application. In this study, 2 essential aspects 

in wind power generation are discussed; the first one studies 

the electrical quality (harmonics). The second one consists of 

power losses comparison between the 2 topologies to know 

which one is more efficient in the wind turbines. 

The wind turbine represents the common part in both 

topologies so we will firstly present as an overview its 

model. Then the modeling of the DFIG is presented. After 

that we will explain in more details each topology with its 
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own control and simulation results. Finally, the power losses 

are calculated and the obtained results are presented.  

2. Wind Turbine 

2.1. Modelling of wind turbine 

The wind is the main element to operate wind turbine 

system. So, the rotation of blades creates a mechanical power 

Pt on the shaft of the turbine, expressed by [10]:  

3

tP 0.5 C ( , )  s v   p
                                                       (1) 

where ρ the air density in kg/m
3
, s the turbine rotor area in 

m
2
, v the wind speed in m/s, Cp is the power coefficient 

expressed by [11]: 

1 2 3 4 5 6C (C (A –B)C –C )exp(-C (A-B)) +C pC          (2) 

where A =
3

1
 

0.08 
, B=

0.0035

1 
, C1=0.5109, C2 = 116, 

C3= 0.4, C4=5, C5=21, C6= 0.0068. 

λ represents the ratio between the speed at the blade tip and 

wind speed, β is the blade angle. 

The power Pt generates a torque on the shaft (turbine 

side) given by the following equation [7]: 

3

t

1
  0.5 C  ( , ) S v  


p

t

T                                                 (3) 

The speeds (rotor side and turbine side) are joined by the 

gearbox then the total inertia is as follow: 

m2
J   J tJ

G
                                                                          (4) 

Finally, the dynamic fundamental equation of the 

mechanical system on the shaft of the DFIG is given [7]: 

m v e=J   f  


  mec

mec

d
T T

dt
                                                   (5) 

2.2. Maximum Power Extraction 

The concept is to optimize the generator speed relative to 

the wind velocity intercepted by the wind turbine such that 

the power is maximized [11]. However, there are three areas 

of operation for a variable speed wind turbine, which are: 

Area 1: the wind speed is low; consequently the wind 

turbine can’t start. 

Area 2: the wind reaches a minimum speed allowing the 

wind turbine to starts; the shaft speed is adjusted through the 

electromagnetic torque. A Maximum power point tracking 

(MPPT) is then necessary. 

Area 3: the wind speed is over the rated speed, it implies 

a risk of damage to the turbine blades, so the pitch control 

method is used to regulate the turbine speed. 
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Fig. 1. Power coefficient versus ratio of speed λ and pitch 

angle β 

In area 2 the objective is to extract the maximum power 

of the turbine. For that the power coefficient should be 

maximized (Cp_max = 0.47). This value is obtained when we 

have λopt=8.1; β=0° (see Fig.1)   

3. Modelling of the Asynchronous Generator 

The schematic representation of the double fed induction 

generator is shown on Fig.2, where the stator and rotor 

phases are indicated respectively by (a,b,c) and (A,B,C); the 

electrical angle θ defines the relative position between the 

instantaneous axis of the stator and rotor magnetic phase. 

 

Fig. 2. Schematic representation of DFIG 

The matrixes formed by voltages equations of the stator 

and the rotor are given below [12]: 

      abc s abc abc

d
V R i

dt
                                                   (6) 

      ABC r ABC ABC

d
V R i

dt
                                               (7) 

where:    
T

abc a b cV V V V ,       
T

abc a b c
,  

   
T

abc a b ci i i i
.
 

Same for the rotor vectors with index changes 

 ABCV  ABC  ABCi . 

The total flux coupled with phases of stator and rotor is 

expressed by: 

         abc s abc sr ABCL i L i                                              (8) 

         ABC r ABC rs abcL i L i                                             (9) 
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Where [Ls], [Lr] are the matrix of the stator and rotor 

inductance respectively. [Lsr] is the matrix of the mutual 

inductance stator-rotor. [Lrs] is the matrix of the mutual 

inductance rotor-stator. 

By substituting Eq. (8), Eq. (9) in Eq. (6), and Eq. (7) we 

obtain: 

             abc s abc s abc sr ABC

d d
V R i L i L i

dt dt
               (10) 

             ABC r ABC r ABC rs abc

d d
V R i L i L i

dt dt
             (11) 

with: [Lsr] =[Lrs]
T
 

The voltage and flux equations of the DFIG in the frame 

d-q are given by [12]: 

dsds s ds s qs

qsqs s qs s ds

drdr dr qr

qrqr qr dr

V  R i –

V  R i

V  R i –

V  R i

  

  

  

  


 


  


  

   

r r

r r

                                                 (12) 

with:    r s
 

ds s ds dr

qs s qs qr

dr r dr ds

qr r qr qs

 L i  M i

 L i  M i

 L i  M i

 L i  M i









 


 


 
  

                                                          (13) 

Where Rs, Rr, Ls and Lr  are respectively resistances and 

inductances of the stator and the rotor winding. M is  the 

mutual inductance. Vds, Vqs, Vdr, Vqr, ids, iqs, idr, iqr, φds, φqs, 

φdr and φqr are respectively the direct and quadrate 

components of the stator and the rotor voltages, currents and 

flux. 

The expression of the electromagnetic torque is given by 

Eq. (14): 

e ds qs qs ds p ( i – i ) T                                                        (14) 

4. Topologies and Controls of the DFIG 

4.1. Back to back converter 

Figure 3 shows the architecture of the system where the 

stator is directly connected to the grid and the rotor is 

connected to the grid through the back to back converter. The 

converter contains two parts, the first one connected to the 

machine called rotor side converter “RSC” and the second 

one connected to the network called grid side converter 

“GSC”. This means, two loops control exist, one for the RSC 

converter, which control the statorique active and reactive 

powers, and one for the GSC converter, which regulate the 

DC bus voltage between the RSC and the GSC and adjust the 

power factor on the network side.  

Concerning the principle control of RSC (shown in 

Fig.4), we notice that the fluxes and currents are strongly 

coupled (see Eq. (14)) which is necessary to use the vector 

control where the d-q reference frame is linked to the rotating 

field. By orienting the stator flux along the axis d we obtain 

equation (15). In this study the frequency and the voltage are 

considered constant.  

ds s

qs 0

 







                                                                           (15) 

 

Fig. 3. System control architecture with back to back 

converter 

Moreover, the stator current can be written as follow: 

ds dr

ds

s

qr

qs

s

I
I

I
I

 





 



M

L

M

L

                                                                (16) 

And the electromagnetic torque is expressed as follows: 

em s qr -  i
s

pM
T

L
                                                              (17) 

Usually, the power of the machines used in wind energy 

production is medium or high, which means that the stator 

resistance is neglected. Assuming that the stator flux is 

constant, the stator voltage becomes: 

ds

qs s s ds

V 0

V V =   





                                                              (18) 

Moreover, the active and reactive powers in the stator 

and the rotor are respectively defined as [11]: 

The stator: 

s ds ds qs qs

s qs ds ds qs

P V i  V i

Q  V i –  V i

 



                                                        (19) 
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The rotor: 

r dr dr qr qr

r qr dr dr qr

P V i  V i

Q  V i –  V i

 



                                                         (20) 

From the equations (16)-(18)-(19) and (20) the power 

expressions are deduced: 

s s

s

s s s

s

s s

V I

V V
- I




 



 


qr

dr

M
P

L

M
Q

L L

                                                       (21) 

        

and

      
r s

s

s

r

s

V I

V
I






 


qr

dr

M
P s

L

M
Q s

L

                                                                (22) 

The total active and reactive powers of the wind 

generator are given by: 

t s r s qr

s

s s s

t s r dr

s s

M
P = P + P = (s-1) V I

L

V V M
Q = Q + Q = - (s-1) I

L L










                               (23) 

 

Fig. 4. Control principle of rotor side converter 

In the other side, for the principle control of GSC 

(shown in Fig.5), a first order filter (RL) is connected 

between the GSC and the network. By applying Kirchhoff 

law we obtain the following Equation: 

     m k t k t k p kV   R i  L   i V                                         (24) 

where: k=1, 2, 3. 

In the d-q reference frame the equation (24) can be 

written as: 

md t d t d t s q pd

mq t t t s pq

V  R i L  i L i V

V  R i L  i +L i V






   


   


q q d

d

dt

d

dt

              (25) 

We suppose that: 

td t d t d

tq t t

V  R i L  i

V  R i L  i


 


  


q q

d

dt

d

dt

                                     (26) 

Then from Eq. (25) and Eq. (26) we obtain: 

td md t s q pd

tq md t s q pd

V  V +L i -V

V  V -L i -V









                                  (27) 

 

Fig. 5. Control principle of grid side converter 

The converters are bidirectional, the RSC and GSC work 

as rectifier and inverter respectively when the slip is negative 

(super-synchronous mode) and when the slip is positive (sub-

synchronous mode) the RSC and GSC work as inverter and 

rectifier respectively. The simulation results of this topology 

are given by the Fig.6 to Fig.9. Fig.6 and Fig.7 show the 

active and reactive powers of the stator where the reference 

given to the powers are Ps
*
= -ƞ.Pm and Qs

*
= 0 for a unit 

power factor, Fig.8 and Fig.9 give the generated current and 

its FFT where the THD obtained is 22.47%. 
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Fig. 6. Stator active power  
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Fig. 7. Stator reactive power 
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Fig. 8. Generated current 
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Fig. 9. FFT analysis  

4.2. Matrix converter 

The system is illustrated on the Fig.10, as in the previous 

structure the stator is directly connected to the network; the 

rotor is connected to the grid through the matrix converter. 

 

Fig. 10. System control architecture with matrix converter 

Counter to the previous structure this one needs only one 

control loop where the stator powers are controlled; the 

power factor is regulated through the matrix converter and 

the transfer of energy is direct without using any element of 

storage. 

The matrix converter is an AC-AC converter, which is 

composed by 9 bi-directional switches. Further, it’s a 

structure that provides sinusoidal output with a desirable 

frequency and amplitude. Figure 11 shows the three-phase 

matrix converter: 

 
Fig. 11. Basic three phase matrix converter 

The Sjk represents the bidirectional switches; Vi and Vo 

are the input and output voltages respectively. The 

relationship between the output and input voltages is given as 

[13]: 

1 ' 111 12 13

2 ' 21 22 23 2

31 32 333 ' 3

    
    

    
        

o n i n

o n i n

o n i n

v vm m m

v m m m v

m m mv v

                                      (28) 

mjk are the coefficients of modulation. The sum of the 

coefficients of modulation used to synthesize the same 

output phase must be equal to 1. 
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Vi and Vo are defined as: 

1

2

3

cos( )

cos( 2 / 3)

cos( 2 / 3)



 

 

   
   

    
     

i n i

i n i i

ii n

v t

v V t

tv

                                           (29) 

1 '

2 ' '

3 '

cos( )

cos( 2 / 3)

cos( 2 / 3)



 

 

   
   

      
     

o n o

o n i o nn

oo n

v t

v q V t v

tv

                             (30) 

q= Vo/ Vi= [0, 0.866]: represents the voltage ratio. 

The control of matrix converter consists of two steps as 

shown on Fig.12. In the first one, the coefficients of 

modulation mjk are calculated through the control algorithm. 

Then the mjk elements are transformed to coefficients of 

connection cjk through a PWM to control the switches.  

In this study, the control strategy used to calculate the 

mjk elements is Ph D method [9].    

 
Fig. 12. Matrix converter modulation steps 

The elements mjk of the matrix [M] are given by the 

following equations [9]: 

' '

2 2 2

1 2 3

( )
 +




 

jn kn nn

jk j

i n i n i n

v v v
m a

v v v
                                            (31) 

with j=1,2,3 ; k=1,2,3.  

aj and vnn’ are defined as: 

1 2 3 1 2 3

'

( , , ) ( , , )

2


 i n i n i n i n i n i n

nn

Max v v v Min v v v
v                    (32) 

1 2 3

2 2 2

1 2 3

3 1/ 3
2

2 ( )
3

 


 

 

i n i n i n

jn

j

i n i n i n

v v v
v

a

v v v

                                  (33) 

The cjk are obtained from the mjk by using a PWM. 

Where c11, c21, c31 are deducted by comparing m11, m21, m31 

to a saw tooth seated right, by proceeding with the same way 

and using a saw tooth seated left the c12, c22, c32 are obtained 

from m12, m22, m32, finally the c13, c23, c33 are complementary 

to 1 (Eq. (34)), an example of the PWM is given on [9]: 

11 12 13

21 22 23

31 32 33

1

1

1

  


  
   

c c c

c c c

c c c

                                                              (34) 

The simulations results of this topology are given by the 

following schemes, Fig.13 and 14 show the active and the 

reactive powers of the stator, Fig.15 shows the generated 

current, and the FFT of the current in Fig.16 gives a 

THD=19.00%. 
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Fig. 13. Stator active power  
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Fig. 14. Stator reactive power  
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Fig. 15. Generated current 
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Fig. 16. FFT analysis  
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5. Power Losses Calculation 

This part investigates the loss of power in both 

topologies. There are two kinds of losses, the conduction and 

the switching losses. This study includes the evolution of 

total losses according to rotation speed of the DFIG. 

The converters consist of bi-directional switches and 

each one is composed by semiconductors (IGBT and Diode). 

The calculation of total losses is speared on conduction 

and switching losses for each semiconductor, the conduction 

losses for the IGBTs and Diodes are given by [14]: 

2

, 0( )  V ( ) ( ) cond IGBT ce ceP t I t r I t                   (35) 

Vce0 , rce and I represent the collector-emitter voltage at 

zero current, the equivalent on-resistance and the rms 

magnitude current respectively. Where the Vce0 , rce are 

determined from the data-sheet of the constructor. 

2

, 0( )  V ( ) ( ) cond DIODE f dP t I t r I t                   (36) 

Vf0 and rd represent the diode forward voltage drop at 

zero current and the equivalent on-resistance for the diode. 

Matrix converter consists of 18 IGBTs and 18 Diodes 

and the back to back converter consists of 12 IGBTs and 12 

Diodes. However the output current in matrix converter 

flows through an IGBT and a diode at all-time, the total 

conduction losses per phase in matrix converter can 

expressed as [14]: 

2

, 0 0

2 2
( )  (V +V ). . ( )


  cond phase ce f ce dP t I r r I       (37) 

In back to back converter the output current flows 

through an IGBT or its anti-parallel diode depending on the 

current direction. 

The total switching losses depend on turn-on 
onW and 

turn-off 
offW energy loss for an IGBT Fig.17 and the recovery 

energy loss 
recW for a diode. The switching losses equations 

are defined as [15]: 

1
.

2
on ce onW V I t                                              (38) 

With  on ri fvt t t  , where ,ri fvt t represent the current rise 

time and the voltage fall time respectively,
ceV is the 

collector-emitter voltage, I is the collector current: 

1
.

2
off ce offW V I t                                             (39) 

With  off rv fit t t  , where ,rv fit t are the voltage rise time 

and the current fall time respectively. 

.rec ce rW V Q                                                   (40) 

Where r rQ t I is the reverse recovered charge as shown 

in Fig.18. 

 
Fig. 17. Instantaneous conduction and switching waveforms 

of an IGBT 

 
Fig. 18. Switching waveforms of a Diode 

The characteristics of IGBTs and Diodes used to 

calculate the power losses are the same in both converters. 

The total losses of both converters are given by Fig.19; it 

shows that the matrix converter is more efficiency than back 

to back converter. Moreover, when the system operates on 

the super-synchronous mode the efficient is proportional to 

the speed, in the other parts (sub-synchronous mode) the 

efficient decreases when the speed increase.  
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Fig. 19. Power losses in converters 

Table 1 summarizes the comparison points. Due to the 

transformation ratio q, the output voltage of the matrix 

converter topology is lower than the back to back one. 

Additionally, the matrix converter requires 18 IGBTs and 18 
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Diodes while back to back converter requires only 12 IGBTs 

and 12 Diodes. 

Table 1. Comparison points 

 

 

Matrix 

converter 

topology 

Back to back 

converter topology 

Output voltage 593,4 v 690 v 

IGBTs 18 12 

Diodes 18 12 

Loops control 1 2 

Input filter LC RL 

Switching frequency 10 kHz 10 kHz 

DC link voltage - 1200 v 

Voltage measurement 6 7 

Current measurement 6 9 

The whole system based on matrix converter needs one 

loop control where active and reactive powers on the stator 

are controlled, this topology uses 6 voltages and current 

measurements. On the other hand the system based on back 

to back converter contains: two control loops (one of each 

stage), 7 voltage and 9 current measurements are needed. 

This comparison shows that the structure based on the matrix 

converter is more economical than the structure based on 

back-to-back converter as it requires fewer sensors. 

The input filters are also concerned, the matrix converter 

uses LC filter which is considered as a low pass filter to 

eliminate the harmonics. Although the back to back uses a 

RL filter to remove the anomaly between the capacitor (DC 

link) and the input source. 

Switching frequency has been chosen 10 kHz for matrix 

converter and back to back converter which is corresponding 

to 100 µs of a period cycle. 

The energy transfer in matrix converter is directly 

counter to back to back converter where a storage element is 

needed. While it is known that DC capacitor contains losses 

which can be added to the converter losses. In this work, this 

part is not considered. 

6. Conclusion 

This work evaluates the performance of wind turbine 

system, where the generator (DFIG) is fed by back to back 

converter which is the most affordable and discussed. We are 

also interested on feeding the DFIG through a matrix 

converter which performance is questionable in wind turbine 

application. Comparing the generated current and the power 

losses delivered by the same generator, the results show that 

the topology with a matrix converter has the better 

performance, we realized that the THD and total power 

losses of back to back converter topology was higher than the 

matrix converter topology. From this study we can conclude 

that it is better to feed the DFIG by a matrix converter. 
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