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Abstract — In this paper, we study the control voltage at the 
output of a permanent magnet synchronous generator (PMSG) 
connected to a PWM rectifier. The input-output linearizing 
control is tested for PMSG. This device is intended for an 
application of wind energy conversion in the case of an isolated 
site. The results of the different simulations of the entire chain 
conversion performed under MATLAB / Simulink, were used to 
evaluate the performance of the proposed system. 
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I. INTRODUCTION 
The power generation sector is the largest consumer of 

primary energy and two-thirds of its sources are fossil fuels. It 
is technically and economically capable of making significant 
efforts to reduce violations of human activity on climate and 
the environment. One possibility is to increase the rate of 
production of electricity from resources of non-renewable 
fossil type and Today, renewable generation sources, 
including solar and wind energy, which are the growth rate is 
highest. 
   The wind power generator, which is based on a variable 
speed turbine and a synchronous permanent magnet generator 
is connected to a DC bus through a PWM power converter. [1] 
However, stand-alone operation, the rotational speed and the 
load is not fixed, the stator voltage can vary within wide 
limits. It then becomes necessary to use an appropriate control 
system to maintain the output voltage at a constant amplitude 
and frequency. 
   The input-output linearizing command is a command which 
generalizes the vector-ensuring decoupling and linearization 
of the relationship between inputs and outputs. Assuming that 
all of the state vector is measurable, it is possible to design a 
nonlinear state feedback which ensures the stability of the 
closed loop system [2]. 
   This article focuses on the application of the input-output 
linearizing the wind energy conversion system control with a 
variable rate based on a permanent magnet synchronous 

generator. The overall plan of studies of the system is 
represented by the figure 1. Results of the simulation of the 
dynamic behavior of the studied system are presented. From 
these results, we can verify the effectiveness and reliability of 
the applied control. 

 
II. MODELING OF WIND GENERATOR 
 

The wind power generator, comprising a variable speed 
turbine coupled directly to a PMSG connected to a DC bus 
through a PWM power converter, is shown in Figure 1 

 
Fig. 1.  Schematic diagram of the system studied. 

 
II.1 MODEL TURBINE 
 
 The power of the air mass that passes through the surface 

of the turbine S is given by [3,4]: 
 p୵୧୬ୢ ൌ ଵ

ଶ
ρs୲୳୰ୠ୧୬ୣV୵୧୬ୢ

ଷ                (1)                               
 

With  
s୲୳୰ୠ୧୬ୣ   :    The effective area through which the wind, 
 ρ       : The density of the air (1.25kg / m3), 
 V୵୧୬ୢ : The wind speed, 
 We focus our work in the operation of a vertical axis 

turbine. The value of the active surface (S) was replaced by 
the geometric dimensions of the wing shown in Figure 2 
where: 
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Fig. 4. Schema of association PMSG-PWM rectifier 

s ൌ ቄ൅1, sҧ ൌ െI
െ1, sҧ ൌ ൅I                         for s=a ,b ,c 

The input voltage and the output current phase can be 
written in terms of: Sj, and Vdc input currents ia, ib, ic. 

iୟ ൅ iୠ ൅ iୡ ൌ 0                                        (12) 
 
Input voltages between phases of the PWM rectifier can be 

described by: 
 

ቐ
Uୱୟୠ ൌ ሺSୟ െ SୠሻUୢୡ
Uୱୠୡ ൌ ሺSୠ െ SୡሻUୢୡ
Uୱୡୟ ൌ ሺSୡ െ SୟሻUୢୡ

                              (13) 

 
The equations for the voltage phase balanced system 

without neutral connection can be written as: 

൥
eୟ
eୠ
eୡ

൩ ൌ R ൥
iୟ
iୠ
iୡ

൩ ൅ L ୢ୧
ୢ୲

൥
iୟ
iୠ
iୡ

൩ ൅ ൥
Uୱୟ
Uୱୠ
Uୱୡ

൩  (14) 

with : 

ە
ۖ
۔

ۖ
Uୱୟۓ ൌ ଶୱ౗ିୱౘିୱౙ

ଷ
. Uୢୡ

Uୱୠ ൌ ଶୱౘିୱ౗ିୱౙ
ଷ

. Uୢୡ

Uୱୡ ൌ ଶୱౙିୱ౗ିୱౘ
ଷ

. Uୢୡ

                                    (15) 

Finally, we deduce the equation coupling between AC and 
DC sides by: 

 
c ୢUౚౙ

ୢ୲
ൌ sୟiୟ ൅ sୠiୠ ൅ sୡiୡ െ i୪                         (16) 

 
The previous equations in synchronous dq coordinates are: 
eୢ ൌ Riୢ ൅ L ୢ୧

ୢ୲
െ ωLi୯ ൅ Uୱୢ                          (17) 

e୯ ൌ Ri୯ ൅ L ୢ୧
ୢ୲

൅ ωLiୢ ൅ Uୱ୯                    (18) 

c ୢUౚౙ
ୢ୲

ൌ sୢiୢ ൅ s୯i୯ െ i୪                                   (19) 

with : 
 
sୢ ൌ ଵ

√଺
ሺ2sୟ െ sୠ െ sୡሻ. cosሺωtሻ ൅ ଵ

√ଶ
ሺsୠ െ sୡሻ. sinሺωtሻ  

 
s୯ ൌ ଵ

√ଶ
ሺsୠ െ sୡሻ. cosሺωtሻ െ ଵ

√଺
ሺ2sୟ െ sୠ െ sୡሻ. sinሺωtሻ  

 
 

III. APPLICATION OF THE LINEARIZING 
CONTROL INPUT OUTPUT FOR PMSG 

Our command is to control the stator current ሺIୢሻ and the 
rectified voltage Vୢୡ of PMSG. For this we chose as the state 
vector  x ൌ ሾIୢ   I୯   VୢୡሿT , and as output y=ሾVୢୡ Iୢ ሿT and 
control vector  u ൌ ሾVୢ  V୯ሿT . 

The model of PMSG, expressed in the rotor reference 
frame related to the form of equation of state:  

 

൜ Xሶ ൌ fሺxሻ ൅ Gሺxሻ. Uሺtሻ
     y ൌ Hሺxሻ                                 (20) 

 
with : 

yሺtሻ ൌ ൤yଵሺtሻ
yଶሺtሻ൨ ൌ ൤hଵሺxሻ

hଶሺxሻ൨ ൌ ቂ
xଷ
xଵ

ቃ ൌ ൤Vୢୡ
Iୢ

൨ ;  

  

X ൌ ൥
xଵ
xଶ
xଷ

൩ ൌ ቎
Iୢ
I୯

Vୢୡ

቏ ; U ൌ ൤
Vୢ
V୯

൨  ; Gሺxሻ ൌ

ۏ
ێ
ێ
ۍ

ଵ
Lౚ

0

0 ଵ
L౧

0 0 ے
ۑ
ۑ
ې

ൌ

൥
gଵ 0
0 gଶ
0 0

൩  ; fሺxሻ ൌ ቎
fଵሺxሻ
fଶሺxሻ
fଷሺxሻ

቏ ൌ ቎
aଵxଵ ൅ aଶxଶ

bଵxଶ ൅ bଶxଵ ൅ bଷ

cଵ
୶మ
୶య

൅ cଶ

቏ 

 where :                                                                                                    
aଵ ൌ െ R౩

Lౚ
; aଶ ൌ ன౨L౧

Lౚ
 ; bଵ ൌ െ R౩

L౧
 ; bଶ ൌ െ Lౚன౨

L౧
 ; 

 bଷ ൌ െ ன౨ம౜
L౧

 ;cଵ ൌ ଶכE
ଶכC

; cଶ ൌ ିIL
C

.  

The linearization condition to check if a nonlinear system 
admits a linearization input - output is the order of the relative 
degree of the system. 

The following notation is used for the Lie derivative of the 
function h୨ሺxሻ along a vector field fሺxሻ ൌ ሺfଵሺxሻ … f୬ሺxሻሻ [11]. 

 L୤h୨ ൌ ∑ ப୦ౠ

ப୶౟

୬
୧ୀଵ  f୧ሺxሻ ൌ

ப୦ౠ

பX
 fሺxሻ 

 L୤
୩h୨ ൌ L୤ሺL୤

ሺ୩ିଵሻh୨ሻ                      (21)    

 L୥L୤h୥ ൌ
பL౜୦ౠ

பX
Gሺxሻ. 

 degree relative 
The relative degree of output  is the number of times 
that is needed to derive the output to bring up the input U.  
The future output y(t+ τ) is calculated by: 

• Relative degree of the rectified voltage 
ሻݐሶଵሺݕ ൌ ሶ݄ଵሺݔሻ ൌ ሻݔ௙݄ଵሺܮ ൅ .ሻݔ௚݄ଵሺܮ ܷ ൌ ଷ݂ሺݔሻ       (22) 
ሻݐሷଵሺݕ  ൌ ሷ݄ଵሺݔሻ ൌ ௙ܮ

ଶ݄ଵሺݔሻ ൅ .ሻݔ௙݄ଵሺܮ௚ܮ ܷ                 (23) 
with :  

ሻݔ௙݄ଵሺܮ ൌ ଷ݂ሺݔሻ                                                                                     
ሻݔ௚݄ଵሺܮ ൌ 0                                                                                            
௙ܮ

ଶ݄ଵሺݔሻ ൌ ௖భ
௫య

ଶ݂ሺݔሻ െ ௖భ௫మ
௫య

మ ଷ݂ሺݔሻ                                                         

ሻݔ௙݄ଵሺܮ௚ܮ ൌ ሾ0          ஼భ
௫య

݃ଶሿ                                                                    
Relative degree of ݕଵሺݐሻ is ݎଵ ൌ 2 

• Relative degree of the current  

yሶ ଶሺtሻ ൌ hሶ ଶሺxሻ ൌ L୤hଶሺxሻ ൅ L୥hଶሺxሻ. U                       (24) 

With : 

ሻݔ௙݄ଶሺܮ ൌ ଵ݂ሺݔሻ                                                                                          



L୥hଶ ൌ ሾgଵ     0ሿ       

   The matrix defining the relationship between the physical  
inputs (U) and the derivatives of the outputs (y (x)) is given by the 
following expression : 

൬ݕሶଵሺݐሻ
ሻ൰ݐሷଶሺݕ ൌ ቌ

ௗ
ௗ௧

ௗܫ

ௗమ

ௗ௧మ ௗܸ௖

ቍ ൌ ሻݔሺܣ ൅ ሻݔሺܦ ൬ ௗܸ

௤ܸ
൰               (25)                                                              

With : 

ሻݔሺܣ ൌ ൭
ଵ݂ሺݔሻ

஼భ
஼య

ଶ݂ሺݔሻ െ ஼భ௫మ
௫య

మ ଷ݂ሺݔሻ൱  

ሻݔሺܦ ൌ ቆ
݃ଵ 0
0 ஼భ

௫య
݃ଶ

ቇ  

To linearize the input-output behavior of the generator in a 

closed loop non-linear state feedback is applied according to [24] 

 

      ൬
Vୢ
V୯

൰ ൌ Dିଵሺxሻ ൤െAሺxሻ ൅ ൬Vଵ
Vଶ

൰൨                            (26)                                                                

The determinant of the matrix decoupling D (x) is not null 

Dିଵሺxሻ ൌ ቌ
ଵ

୥భ
0

0 ୶య
ୡభ୥మ

ቍ                                                  (27)                                                                  

൬ ଵܸ

ଶܸ
൰ ൌ ൬ݕሶଵሺݐሻ

ሻ൰ݐሷଶሺݕ ൌ ቌ
ௗ
ௗ௧

ௗܫ

ௗమ

ௗ௧మ ௗܸ௖

ቍ                               (28)                                                             

Substituting (27), (28) into (26) we have: 

൬ ௗܸ

௤ܸ
൰ ൌ ቌ

ଵ
௚భ

ሺ ଵܸ െ ଵ݂ሺݔሻሻ
௫య

஼భ௚మ
ሺെ ஼భ

௫య
ଶ݂ሺݔሻ ൅ ஼భ

௫య
మ ଶݔ ଷ݂ሺݔሻ ൅ ଶܸ

ቍ       

Entries ሺVଵ Vଶሻ are calculated by imposing a static regime 
 ሺIୢ୰ୣ୤ ൌ Iୢ et Vୢ ୡ୰ୣ୤ ൌ Vୢୡሻ and the dynamic error. 

ቐ
ୢ
ୢ୲

eଵ ൅ Kଵଵeଵ ൌ 0
ୢమ

ୢ୲మ eଶ ൅ Kଶଵ
ୢ
ୢ୲

eଶ ൅ Kଶଶeଶ ൌ 0
                                (29)                          

Internal inputs ሺVଵ Vଶሻ are defined as follows: 

ቐ
Vଵ ൌ KଵଵሺIୢ୰ୣ୤ െ Iୢሻ ൅ ୢ

ୢ୲
Iୢ୰ୣ୤

Vଶ ൌ Kଶଵ ቀ ୢ
ୢ୲

Vୢୡ୰ୣ୤ െ ୢ
ୢ୲

Vୢୡቁ ൅ KଶଶሺVୢୡ୰ୣ୤ െ Vୢୡሻ ൅ ୢమ

ୢ୲మ Vୢୡ୰ୣ୤
 (30)                        

Iୢ୰ୣ୤ ൌ Vሶୢୡ୰ୣ୤ ൌ Vሷୢୡ୰ୣ୤ ൌ 0                                        (31) 

 

The coefficients (Kଵଵ, Kଶଵ, Kଶଶ) are selected so that equation 

(30) is a polynomial HURWITZ [11].  

൜
ݏ ൅ ଵଵܭ ൌ 0

ଶݏ ൅ ݏଶଵܭ ൅ ଶଶܭ ൌ 0                                                  (32) 

IV. SIMULATION RESULTS 
 

Full operation of the device was simulated in the Matlab 
Simulink . In this control strategy, the reference voltage at the 
output of the rectifier is taken equal to  Vdc−ref = 40 V and 
the variation of the wind speed is shown in Figure 5. In what 
follows, we present simulation results.  

 
Fig. 5. Wind speed 

 
Fig. 6. Rectified voltage 

 
Fig. 7. Direct current 

 
Wind speed show in Figure 8 is modeled as a sum of 

deterministic several harmonics [11] : 
V୴ୣ୬୲ሺtሻ ൌ 10 ൅ 0.2 sinሺ0.1047 tሻ ൅ 2ሺsin 0.2665 tሻ ൅

sinሺ1.2930 tሻ ൅ 0.2sin ሺ3.6645 tሻ       [36] 
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         Fig. 8.  Wind speed 

 
           Fig. 9.  Rectified voltage 

 
      Fig. 10.  Direct current 

The response of the voltage at the output of the rectifier is 
given in Figures 6, 9. We can see that the voltage is well 
regulated. This is also the case of the current Id and the 
rejection of disturbances made in this case by changes in wind 
speed is ensured. 

V. CONCLUSION 

 

In this article, we presented the study of voltage control 
system consists of a permanent magnet synchronous generator 
feeding a PWM rectifier. The proposed control strategy is 
based on the input-output linearizing control to ensure good 
performance. 
   Law control system has been detailed. The results of 

different simulations were discussed and validated 
mathematical models of the system proposed wind. 

 
 
 
 

                          ANNEXES 
 

Désignation 
 

Valeur 

nominal voltage Vn = 90 V 
 

nominal current In= 4.8 A 
 

nominal power Pn= 600 W 
 

Number of pole pairs 2 p = 17 
 

Winding resistance Rs = 1,137 Ω 

synchronous inductance Ls = 2.7 mH 
 

efficient flow Φeff = 0.15 Wb 

Coefficient of friction 
 

f = 0,06 N.m.s/rad 
 

Inertia of the GSAP J = 0.1 N.m 

Radius of the wing R = 0.5 m 
 

Height of the wing H = 2 m 

active surface S = 2 m2 

Inertia of the wing J = 16 kg.m2 

 

Density of air 
 
 

ρ ൌ 1.2 kg/mଷ 
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