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Abstract: This paper encompasses the study of modelling 

and design of WECS, using a wind turbine with known 

dynamic characteristics and a permanent magnet synchronous 

generator with a back to back power converter topology.  The 

dynamic modeling allows to know the response of the turbine 

generator system in the whole range of operation. 
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1.- INTRODUCTION  
 

The necessity of clean and renewable energy has 

increased the studies in new technologies, such as the 

wind energy and its multiple applications. The main 

objective of researches in the energy generator systems 

are aimed at an increase in the performance, extension of 

equipment useful life and average time reduction 

between failures. For that reason it is necessary to have a 

good knowledge of the dynamic response of the turbine 

system, generator and the power converter. This paper 

studies the dynamic operation of a control system for 

wind energy generators, composed by a fast wind turbine 

with known dynamic characteristics, a permanent magnet 

synchronous generator (PMSG), and a back to back 

power converter topology with vector control Id=0. 

Figure 1 shows the conversion system structure, which 

operates in both the Maximum Power Point Tracker 

(MPPT) region and the nominal power region for high 

speed wind. Also, the proposed system power 

management uses a position and speed estimation 

technique, in this case is the simplified Extended Kalman 

Filter (EKF) [1].  
 

2.-   MODEL OF PERMANENT MAGNET 

SYNCHRONOUS GENERATORS (PMSG) AND 

WIND TURBINE 

A.- Model PMSG.  

The equivalent model of PMSG [2], view figure 2, with a 

sinusoidal flux distribution is shown by equation (1). 

Where Rs and Ls are the machine internal resistive and 

inductance respectively, ua is the phase to neutral 

terminal voltage and ea is the phase to neutral 

electromotive force (EMF) driven by the permanent 

magnets. Equation (2) and (3) are the result of modeling 

the PSMG in a synchronous reference frame dq. 

 

 

        (1)                                       

             

              (2) 

 

              (3) 

 

Where the induced flux in the machine stator is described 

by (4) and (5): 

                       (4) 

 

                                  (5) 
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Fig.2 Equivalent Circuit for PMSG. 

 

 and   are the stator terminal voltages,  and  

are the stator currents,  is the magnetic flux produced 

by the permanents magnets, and  and  are the stator 

inductances in the synchronous reference system dq. The 

electrical torque applied to the PMSG rotor is represented 

by (6). If the PMSG is taken as without rotor saliency 

(where ), the electrical torque can be 

simplified as (7). 

 

           (6) 

 

                         (7) 

 

Where P is the number of the machine poles. 

 

The system parameters are described in table 1. 

 

Table 1 

 Number of  poles                            P 12 

Armature resistance              5 Ω 

Armature Inductances     Ld=Lq=L 25mh. 

Amplitude of the flux linkages 

coefficient                 

0.9022 

volt/rad/s 

DC link Voltage 800volt. 

Switching frecuency            5Khz. 

Sampling time                           Ts 10µs. 

Inertia coefficient systems   0.0833kg*

m/s2 

                

Vwind(t)= 10+2∙sin(ωt)+2∙sin(3.5∙ωt)+ 

sin(12.5∙ωt)+0.2∙sin(35∙ωt),  ω=2/60rad/s. 

 

B.- Wind Turbine Model. 

 

The power generated by the turbine is modeled by 

equation (8), where ρ is the density of the air, R is the 

wind turbine ratio, V is the wind speed, and  is the 

loss power coefficient, which depends of the tip-speed-

ratio parameter, , showed in equation (9), where  is 

the turbine rotational speed expressed in rad/s. 

 

                               (8)      

                                                                  

                                       (9) 

 
From equation (8), the dynamic model for the wind 

turbine torque is described by equation (10) 
 

                           (10)                                                                        

 

Where , is the torque loss coefficient represented by 

equation (11). 

 

                                (11) 

 

3.- SPEED CONTROL MODEL 

 

The mechanical system is composed by a wind turbine 

and a PMSG, which dynamics follow equation (12). 

Where J is the turbine and rotor system inertia in 

Kg∙m/s2, Br is the friction coefficient that will be 

insignificant for later analysis,  is the wind turbine 

torque, and is the PMSG electromagnetic torque. By 

linearizing  and , using a first order Taylor series in 

equations (13) and (14), the system model analysis is 

similar to the one used in [3]. Equation (15) shows the 

active current generator to PMSG speed transfer function. 

Figure 3 shows the bode diagram of the speed control 

loop, for different values of Lambda (λ) and also in the 

ideal case where . Note the sensitivity of the 

speed control loop to variations of λ. As a result, the 

stability of that control system could be compromised if 

an excessively low crossover frequency were chosen.  

 

 
Fig. 3, Dynamic Response Speed Control Loop 
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                   (12)   

 

           (13) 

 

          (14)        

                                                         

             (15)    

 

4.- DESCRIPTION OF THE CONTROL 

STRUCTURE  

A.- Regions of Operation. 

 

The proposed power management in the WECS structure 

changes depending on the operation region. The wind 
turbine and electric generator group, generally 
operate in four main operation regions [5] as figure 4 
shows.  The operation regions are: 
  
 

1) Region 1: in this region the wind speed is 
inferior to the connection speed, or the 
power generated by the turbine doesn’t 
exceed the system losses.  
 

2) Región 2: (MPPT region) In this region a 
MPPT algorithm (in this case, the perturb and 

observe algorithm) allows to calculate the 

proper rotor speed control to extract the highest 

wind power, Figure 4 shows area between 5 
and 14 m/s, approximately. The aerodynamic 
losses avoid that the turbine obtains the 
maximum theory wind power, these losses 
are called Betz Limit, but the goal is being as 
close as possible to the Betz Limit. 

 

 
Fig.4, Regions of Operation Wind Turbine 

 

 
3) Región 3: The system works in this region 

when the nominal power (Constant Power CP 
region) is reached, in this region the turbine 
should limit the available wind power, to not 
exceed the maximum designed power.  

 
4) Región 4: Figure 4 shows that for a wind 

speed of 18m/s, the power generated by the 
system cannot be controlled, for this reason 
is mandatory to stop the turbine rotation.   

 
Figure 5, shows the performance in both MPPT region 

and CP region for several wind speeds.  

 

B.- Power Management with Torque Control versus 

Speed Control. 

 

A torque control scheme can be used to regulate the 

WECS power by controlling the generator active current, 

which has a linear relationship with the PMSG 

electromagnetic torque. With this approach the output 

power is determined by equation (16), after neglecting 

losses among the air gap and the converter. The active 

current to power transfer function can be obtained by 

linearizing equation (16) around an operation point and 

combining equations (15) and (17).This transfer function, 

following (18)  shows a pole and a zero in the right 

semiplane for different operation points. Because of the 

poles and zeros locations, the regulator is chosen 

following [4].  

 

Figure 6 shows the open-loop dynamics of the current to 

power transfer function for different operation points. 

Note that with such dynamic response it’s very difficult 

to design a stable closed loop power control.  

 

The speed to power transfer function, can be obtained as 

expressed by (19), starting from equations (15) and (18), 

and neglecting the small-signal variations of the wind 

speed. This is a first order transfer function with a zero in 

the right semiplane. 

 

 

Fig. 5, Regulated power for several wind speed. 
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Fig.6, Dynamic response open loop power vs. current 

 

The regulator used to obtain a stable dynamic response is 

shown by equation (20), with Ki=0.08. Figure 7 shows 

the described control structure, which works in the MPPT 

region for low wind speeds working in the CP region for 

high wind speeds with selection of both power and speed 

control.    

 

                            (16) 

 
 
 

 

 

 

(17) 

 
 
 

 

 

 

(18) 

 
 
 

 

 

 

 

(19) 

 
 

                                              (20) 

 

The rotor speed to power transfer function speed presents 

a stable closed-loop dynamic, as figure 8 shows, for a 

crossover frequency of 1Hz.  

 

5.- SIMULATION RESULTS 

 

Figure 10 shows the control performance in the MPPT 

and CP region, for a wind speed evolution as show in 

figure 9. The MPPT region can take advantage of the 

maximum power available at low speed wind with a 

linear speed control loop, and a perturb and observe 

algorithm. The control structure changes to the CP region 

when the nominal power is reached using an external 

loop power control and an internal speed control loop. 

The rotor speed keeps stable in both regions for different 

speed winds. 

 

 
 

Fig. 8, Bode Plot of the rotor speed to power transfer 
function. 
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Fig. 7, Power management with torque or speed control 
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Fig. 9, Response of both the electric power and speed turbine to 

wind speed changes  

 

 
Fig.10, Response of both the electric power and speed turbine 

to wind speed changes  

 

6.- Conclusion 
 

A control system for small wind turbines has been 

presented in this paper. The proposed control system has 

a variable structure depending on the operation region. In 

the MPPT region, a speed turbine control loop is used to 

follow the maximum available power point. In the 

nominal power region, a linear control is used to 

maintain the power close to a reference value in spite of 

high wind speeds. For this CP region, it has been shown 

that closing the power control loop by cascade 

compensation of the inner speed loop is preferred to use 

an inner torque control loop.    
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