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Abstract- Doubly-fed induction generators (DFIGs) are widely used in wind energy conversion systems. The dynamic features 
of DFIGs make it important to focus on designing high-performance control schemes. However, the dynamic characteristics of 
such generators depend on nonlinear parameters, such as stator flux, stator current, and rotor current, which increase overall 
system complexity. Therefore, robust controllers must be implemented with the ability to support the dynamic frequencies of 
wind energy to ensure system stability. Conventional vector control configurations that use proportional-integral controllers have 
various drawbacks, such as parameter tuning difficulties, mediocre dynamic performance, and reduced robustness. In this study, 
we focused on improving DFIG synchronization to the grid by applying Multi State Feedback (MSF) current controllers with a 
feedforward component to smooth the connection to the grid as well as to improve the steady-state and transient characteristics 
of the controller. MSF controllers are proposed to replace the proportional-integral controllers on both the rotor and grid sides. 
The proposed controller is designed using a multivariable system and feedforward control for input reference and incorporating 
disturbances into the control equations for fast synchronization and transient responses. To demonstrate the advantages of this 
controller, experimental studies are presented for both the transient and steady states. 
Keywords DFIG, Synchronization, Rotor side converter, Grid side converter 
 

1. Introduction 
Doubly-fed induction generators (DFIGs) have been 

widely used in wind power generation since it has advantages 
such as high efficiency, quadruple active power, reactive 
power characteristics and small size power converter [1]. 
Moreover, the DFIG can maintain the constant system 
frequency regardless of the rotor speed, by the variable wind 
speed method. Unlike full converter wind turbine system with 
the same capacity of generators and converters, DFIG's 
converters account for 30% of the generator capacity. 
Because of these advantages, DFIG is the system type that 
occupies the largest portion of the wind turbine market at 
present. Currently, 50% of the wind energy market uses DFIG 
systems owing to their cost and size advantages [2], [3]. 

As shown in Figure 1, the stator of the generator is 
directly connected to the system and the rotor is connected to 
the two converters through the slip ring. Here, the converter 
connected to the rotor is referred to as a rotor side converter 
(RSC), and the converter connected to the grid is referred to 
as a system side converter (GSC). Until now, the controller 
method and performance evaluation of dual induction type 
wind turbine have been focused on the operation 
characteristics according to the slip of the generator. For 
example, the rotor effective power is transmitted from the 
stator to the grid when the generator slip is less than zero and 
to the opposite direction when greater than zero. Stator active 

power and reactive power are controlled independently using 
stator flux reference [4]. For this reason, two converters are 
connected to the dc capacitor. The RSC independently 
controls the stator active and reactive power delivered to the 
grid to extract the maximum possible power from wind and 
enhance power quality through harmonic current filtering 
[5]–[10]. The RSC is also used to smooth stator 
synchronization with the grid. The main function of the GSC 
is to maintain a constant DC link voltage, regardless of power 
flow direction, and to control the magnitude and direction of 
rotor reactive power. The GSC is also used to remove reactive 
power pulsation under unbalanced conditions [11]–[14].  
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Fig. 1. Basic configuration of the proposed WECS. 
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       Power converter performance largely depends on the 
accuracy of the implemented control strategy. Therefore, 
converter current controller performance is one of the most 
critical issues in power electronics circuits. The quality of a 
current controller can be evaluated based on several basic 
requirements [15]: 

1 Over a wide output frequency range, both phase and 
amplitude errors should be zero. 
2 The controller should have a fast-dynamic response. 
3 The effects of load parameters changes should be 
compensated for. 
4 Constant or limited switching frequencies should 
ensure reasonable lifetimes for power electronics 
semiconductor devices.  
5 Total harmonic distortion should be minimized. 

      The current controller techniques listed in the literature 
can be divided into two main categories [16]–[18]: linear and 
nonlinear controllers. Proportional-integral (PI) stationary 
and synchronous, state feedback, and deadbeat controllers are 
examples of linear control techniques. These methods were 
introduced in [19] and [20]. 
       The stationary PI technique has a major drawback in its 
inherent amplitude and phase error. To solve this problem and 
perform error compensation, several solutions have been 
proposed, such as using additional phase-locked loop (PLL) 
circuits [21] or feedforward correction [22]. However, when 
using a synchronous PI controller, the fundamental 
component error can be regulated to zero [22], but dynamic 
properties are still an issue.  
       Another well-known controller, namely the deadbeat 
controller, was designed to ensure strong dynamic responses 
[23]. The main advantages of this controller are that voltage 
measurements are not required to generate current references 
[24]. However, this controller suffers from a serious 
drawback in the form of inherent delays due to calculations. 
Furthermore, this controller does not include an integral 
control, which introduces steady-state errors. 

The nonlinear controller category includes fuzzy logic 
controllers (FLC) and hysteresis controllers. A hysteresis 
current controller is typically implemented for the sake of 
simplicity. This method does not require any prior 
information regarding load parameters and has a fast response. 
However, based on a fixed hysteresis band, this current 
controller has a narrow band of switching frequencies for 
minimizing the peak-to-peak current ripple at all points of the 
fundamental frequency wave [25]. 
      Another nonlinear controller, the FLC, is typically 
implemented as an alternative to a conventional PI 
compensator [26], [27]. For this controller, the design steps 
and controller accuracy depend on the knowledge and 
experience of the user. 

 In [28] and [29], a synchronization process with PI 
controllers are proposed which are used to compensate the 
magnitude and position of stator voltage. The using of several 
PI controllers lead to a slow dynamic response and difficulties 
in tuning the controllers’ gains. In [30], the synchronization 
process is implemented using grid-flux oriented control, 
which is simulation for stator-flux oriented control algorithm. 
On the other hand, the power controller used the stator-flux 
oriented control. In this case, two control algorithms are used 
which make the implementation more complicated. In [31], 

The stator active and reactive power are controlled separately 
by applying stator-flux oriented control. However, this paper 
hasn’t discuss the synchronization process instead the DFIG 
is directly connected to the grid by starting up the DFIG as a 
motor which leads to the inrush current and poor power factor. 
        To compensate for these drawbacks, an MSF controller 
working with stationary or synchronous rotating coordinates 
can replace a conventional PI controller. In this controller, a 
feedback gain matrix can be calculated to ensure sufficient 
damping. Furthermore, an integral component can be added 
to minimize steady-state error to zero. Reference and 
disturbance inputs are used as feedforward signals and then 
added to the feedback control law to reduce transient error. 
The performance of the MSF controller has been discussed in 
a few papers, which have indicated superior performance 
compared to conventional PI controllers. 
         In this study, a dynamic model for DFIG systems and   
MSF control strategy for the RSC and GSC controllers were 
developed. To guarantee fast synchronization and robust 
steady-state control, MSF current controllers are proposed to 
replace the PI current controllers for both converters. To 
demonstrate the validity and exceptional performance of the 
proposed control algorithm, an experimental setup was 
designed and implemented. Finally, A comparison between 
the proposed method and a PI controller in the 
synchronization process is presented.  

2. System Description 
In DFIG-based WECSs, when ignoring the stator core 

and copper losses, all active and reactive power is supplied 
by both the stator and rotor. A maximum power point tracker 
is typically implemented to maximize the stator active power, 
which is extracted from the wind turbine. Regarding the rotor 
rotational speed, rotor power can be either supplied to or 
drawn from the grid depending on the operating speed. The 
grid feeds the rotor when the rotor rotates at sub-synchronous 
speeds and the rotor current lags behind the rotor voltage by 
less than 90°. At super-synchronous speeds, the rotor 
windings feed power to the grid and the rotor voltage jumps 
to nearly 180° ahead of the stator voltage, where the slip value 
is negative [32]–[33].  

 
2.1. DFIG model 

 
DFIG equations are similar to those for a squirrel-cage 

induction generator. The only modification to the equations 
is that the DFIG rotor terminals are not short-circuited. The 
model of a DFIG can be represented in a Park frame as [34]: 
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where 
         mL : Magnetizing inductance; 
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      sL : Stator self-inductance; 

      rL : Rotor self-inductance; 

      sR : Stator resistance; 

      rR : Rotor resistance; 
      dqsλ : Stator dq-axis flux linkage; 

      dqrλ : Rotor dq-axis flux linkage;             

          sle ωω , Synchronous and slip speed;    

     ,dqs dqri i : Stator and rotor dq-axis currents; 

     dqrdqs vv , : Stator and rotor dq-axis voltages. 

The stator and rotor flux equations are as follows. 
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In the case of stator-flux-oriented control, the stator flux angle 
is calculated from the flux components as follows: 
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Then, the stator voltage is expressed as 

sqs vv = .                                                           (5) 
By ignoring the power losses, the active power can be 
written as a function of the d- and q-axis stator voltages and 
currents as follows: 
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 The reactive power is maintained at certain level by 
controlling the rotor d-axis current as: 
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If the magnitude of the magnetizing current msi  is kept 
constant, d and q-axis currents can linearly regulate both 
active and reactive power. The control procedure for the 
RSC and GSC is detailed in the following section. 

 
2.2. Rotor-side control 

 
The kinematic energy of the wind passing through a 

rotating area of the blade can be calculated from [35]: 

3

2
1

υρAPwind =                                                      (8) 

Where A is the blade area [m2], ρ is the air density 1.25 [kg 
/m3], and 𝜐 is the wind speed [m/s].  

This aerodynamic energy is expressed as kinetic energy 
according to the output coefficient (Cp) in the blade as shown 
in Eq. (9). 
The extracted power from the wind at any wind speed and 
turbine rotational speed is calculated as follows [36]: 

),(
2
1 3 λβυρ pblade CAP =                                          (9) 

The output coefficient (Cp) is determined by the 
mechanical structure, such as blade length, pitch angle, and 
by the tip-ratio (λ). The ratio is defined as the ratio of the 
wind speed to the blade rotational angular velocity as 
expressed as : 

υ
ω

λ
Rm=                                                                  (10) 

where ωm blade is the rotational angular velocity of the blade 
and R blade is the radius of the blade.  
Figure 2(a) presents the turbine blade’s variation with wind 
speed and rotational speed. At a particular rotational speed, 
the maximum power output occurs. Figure 2(b) shows the 
output coefficient (Cp) varying with the main speed ratio (λ). 
As the blade angular speed  ωm increases, the output 
coefficient Cp increases, and when the specific reference 
value of the blade angular speed ωm increases, the output 
coefficient Cp decreases [37] – [39]. 
This Cp is variable depending on the design of the blade. Cp 
becomes the maximum value Cp_max and the kinetic energy 
of the blade also has the maximum value when the principal 
speed ratio λ is the optimum value λopt. 
Wind speed, blade angular velocity, and output coefficient 
curves are needed to implement the maximum output point 
tracking algorithm in wind power systems. The blade torque 
is expressed as [40] – [41]: 

υ =5 m/s

υ =7 m/s
υ =8 m/s

υ =9 m/s

υ =10 m/s

υ =11 m/s

υ =12 m/s
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Fig. 2. Wind turbine characteristic curves: 
(a) wind turbine output power vs. rotational speed 
(b) power coefficient vs. tip-speed ratio 
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Fig. 3. Power curve in different modes. 
 
The maximum power can be obtained by maintaining the 
relationship between the rotational speed and wind speed at 
its optimal value as: 

  
Roptoptm
υ

λω =,                                                         (11) 

 
The maximum power is then defined as 

3
max

2
max 5.0 υρπ pCRP =                                           (12) 

 
The relationship between the turbine power and generator 

output power is calculated as 

   2
mt

m
mme B
dt
d

JPP ω
ω

ω −−=                           (13) 

where Pe  is the generator electrical power, J  is the system 
moment of inertia, Bt is the friction coefficient, and rω  is 
the blade rotational speed.  

      The operating curve of the any wind turbine is depicted 
in Fig. 3.  This curve can be divided into four regions as 
follows [42] – [43]: 

- Region AB, when the wind speed is less than the cut 
in speed when the rotor is less than the minimum 
angular speed for optimum operation. 

-  Region BC, when the wind speed is higher than the 
cut-in speed and less than the rated value. The output 

power is given by 3υoptopt KP =   

- Region CD, when the rotational speed approaches to 
its rated value. 

- Region DE, when the wind speed is beyond the limits 
and the generator output power is controlled to its 
rated value.  The blade pitch controller is activated in 
this region. 

     The rotor reference q-axis current *
qri  is then calculated as 

the output of the active power controller and input for the 
inner current control loop. The rotor instantaneous q-axis 
current is then calculated from the sensed three-phase rotor 
currents and controlled to produce a reference q-axis rotor 
voltage. Similarly, a reference d-axis rotor voltage is 
produced by controlling the stator reactive power to the 
reference value. One can see how the outer stator power 

 
Fig. 4. Active and reactive power control for synchronization mode and running mode. 
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feedback loop produces the rotor reference d-axis current *
dri  

for the inner current feedback control loop. The reference q-
axis rotor voltage is then produced by controlling the rotor d-
axis component.  

However, the DFIG synchronization mode control is 
different from the power mode control. To synchronize the 
DFIG with the grid, smooth connection of the DFIG to the 
grid is achieved when the stator voltage amplitude, frequency 
and phase are equal to the grid voltage are equal before 
closing the switch between the stator and the grid. The rotor 
side controller is activated to calculate the excitation current 
for the grid synchronization and power control loops as 
shown in Fig. 4. The excitation current generates the 
generator flux which builds-up the stator terminal voltages 
while the turbine accelerates until it reaches a certain value 
(e.g. 80% of the rated speed). At the same moment, the dc-
link voltage in the bidirectional converter is soon charged. In 
addition, the stator frequency is almost the same as the grid 
and the stator voltage amplitude is also as the same as that of 
the grid. A phase-shift between the stator EMF and grid 
voltage may happen in case of slight difference in frequencies. 
To eliminate such phase shift, the phase difference 
compensation value slδθ  is determined and then added to the 
calculated slip angle [44]. By adjusting the stator d-axis 
voltage component to be zero which is the same value of the 
grid d-axis voltage, the compensation component slδθ  is 
determined.  

Once this process is accomplished, the stator-side 
contactor is closed, and the generator is connected to the grid 
and then the power control mode starts. The optimum stator 
power is then calculated based on the wind speed and adjusted 
as the generator power reference. Figure 4 shows the the 
overall control system for both synchronization mode and 
running mode [44].  

3. Grid-side Multivariable State Feedback Control 

The goal of the GSC is to maintain a constant DC link 
voltage and boost it to a level that is higher than the amplitude 
of the line-line voltage. The DC link voltage is regulated to 
the reference value by using a PI controller. Any variation in 
the DC link voltage causes a change in the Q-axis reference 
current. The reactive power (or power factor) is controlled by 
using the D-axis reference current.  
      A state-space model for the converter can be obtained as 

EdBuAxx ++=
.

                                                  (14) 
  Cxy =                                                                      
(15) 

where, 
             x: state vector; 
            x: derivative of the space vector with respect to time; 
            u: input or control vector; 
            d: input disturbance vector; 
            y: output vector; 
            A: system matrix; 
            B: input matrix;  
            C: output matrix;   
            E: disturbance matrix. 

Additionally, 
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where 
        es: source voltage;  
        is: source current; 
       vr: converter input voltage;  
       R: line resistance; 
       L: boost inductor. 
      ω : the angular frequency of the source.  
The state variables x are the source currents, the input vectors 
u are the converter input voltages in the DQ axis, the 
disturbance d is the source voltage in the DQ axis, and the 
output y is the equal to source current. 
 

3.1. State Feedback Control 
     Equations (14) and (15) define the state space model for 
any time-invariant linear multivariable system. When ∞→t , 
the control target is [45]- [47] 

ryyandx →→ 0
.

,                           
where yr is a reference output. 
     Because MSF control is known to be a type of proportional 
control, the system performance in a steady state is inaccurate 
based on model uncertainty. This disadvantage can be 
overcome by introducing an integral control function to 
minimize steady-state error. The integral control function for 
the error p is defined as 

∫ −=
t

r dtyyp
0

)(                                                (16) 

Assuming that the reference output and disturbances are 
constant, substituting the derivative of (16) yields the 
following differential equations: 

rr yCxyyp −=−=
.

                                (17) 
By transforming these equations into matrix form, an 
augmented state model can be expressed as 
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In a steady state, the derivatives of the space vector and error 
approach zero because the disturbances and output references 
are assumed to be constant. Therefore, the steady-state 
solutions sx , sp , and su , where the subscript “s” denotes a 
steady-state value, must satisfy the following equation: 
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Substituting (19) into (18) yields 
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To represent the deviations in these solutions from the steady 
state, a definition for new variables is introduced as follows: 
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 suuv −=                                                              (22) 
Equation (22) can be defined in the standard state space 
equation as follows: 
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The system in (23) is controllable when linear state feedback 
control can be applied. In such cases, the system can be 
expressed as follows:  

2211 zKzK
Kzv
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where 
              K:  feedback gain matrix; 
              K1 and K2: partitioned matrices. 
The partitioned matrices are derived via pole placement. By 
substituting from (24), (25), and (28), the control law is 
obtained as 
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3.2. Feedforward Control 
      By using an integral controller, static errors can be 
regulated to be zero. However, system dynamic errors may be 
large during transients and disturbances. To reduce transient 
errors and the effect of disturbances, feedforward control can 
be used. To derive feedforward control equations, both 
reference inputs and disturbance inputs are used 
The control system can be defined as follows:     
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The left-hand side of (26) becomes zero when the steady state 
reaches the steady-state condition. In this case,  
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The new relationship is the same and is defined as 
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By substituting (28) into (25), we get 
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where the feedforward gain is defined as 
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The state variables, disturbances, and reference input 
equations comprise the total control equation, which is 
derived by substituting the integral control equation (16) into 
(29). The resulting control equation is written as follows: 
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Fig. 5. Block diagram for MSF control with feedforward 
control 

                                   
To illustrate the total control law in (30), a block diagram for 
the current controller, including the feedback and 
feedforward components, is presented in Fig. 5.  

The feedback and feedforward controller components 
are depicted in Fig. 6. The actual DC link voltage is measured 
and compared to the voltage reference. The difference signal 
is then minimized by the DC link voltage controller. The 
output of the controller produces an inverter current reference 
in the d and q axes.  

4. Experimental Results 
Experiments were performed to study the performance of 

the multivariable state controller separately from the DFIG 
system. Several tests of the real operation of an insulated gate 
bipolar transistor (IGBT)-based PWM inverter in different 
conditions were conducted. It is desirable for the WECS to be 
implemented with hardware  (motor-generator set) to test 
system operations in a laboratory. Figure 7 presents the 
hardware setup, which consists of a DFIG driven by a 
squirrel-cage induction motor as a wind simulator, back-to-
back converters, and digital signal processor (TMS320C33) 
control boards. 

In the first stage, the grid-side controller synchronizes the 
stator EMF and grid voltage by building up the stator EMF 
through the rotor d-axis current controller. The voltages phase 
difference between the two voltages is eliminated by using 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
A. G. Abo-khalil, Vol.9, No.3, September, 2019 
 

1266 
 

the PLL technique. The grid connection process can be 
achieved in less than two cycles. 
  Figure 8 (a) shows the connection process of a certain phase 
voltage of stator voltages with the corresponding phase of 
grid voltage. In the beginning, the stator EMF is zero then the 
rotor currents are controlled in order to build up the stator 
EMF in a fast and smooth way. In the same time, the phase 
difference between the EMF and grid voltages is eliminated 
as explained earlier. 

 

 

 
 

Fig. 6. Control block diagram for the PWM grid-side inverter. 

 
Fig. 7.  Schematic of the experimental setup for a DFIG connected to the grid. 
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Fig. 8. Grid synchronization instant for state feedback 
controller: (a) stator and grid voltages,  
                 (b) stator and grid phase-angles  
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Fig. 9. Generator performance with step changes in wind 
speed:  (a) wind speed,  (b) Generator speed, (c) Generator 
output  power, (d) rotor q-axis current, (e) Stator q-axis 
current, (f) generator electromagnetic torque, (g) Pitch 
angle. 

Figure 9 presents the controller performance with step 
changes in wind speed. The wind speed increases in 
increments of 2 [m/s], starting from 5 [m/s]. For wind speeds 
less than 12 m/s, the pitch angle controller does not operate 
because the pitch angle is zero for the considered wind 

turbine. The power controller controls the real power 
component to extract the maximum possible power. The 
power controller response at lower wind speeds is faster than 
the response at higher wind speeds. At wind speeds higher 
than 12 m/s, the pitch angle controller begins to operate to 
reduce the stress on the turbine blades. 
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1800 [rpm]
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2 [s]/dev  
 
Fig. 10. Generator performance with continuous wind speed 
variation: (a) wind speed, (b) Generator speed, (c) Generator 
output  power, (d) rotor q-axis current, (e) Stator q-axis 
current, (f) generator electromagnetic torque. 

 

5 [Hz]/d iv

0 [Hz]  
Fig. 11. Turbine torque spectrum.  

Next, we simulated the stochastic nature of real wind 
speeds. Figure 10 presents the DFIG parameters under 
turbulent wind speeds, where the mean wind speed is 10 m/s 
and the turbulence intensity is 20%. The active power 
changes when the wind is lower than 10 m/s, but it is 
maintained at the rated value when the wind speed increases 
beyond the rated value. The active power follows the wind 
speed pattern as shown in Fig. 10(c). Meanwhile, the rotor q-
axis current component and generator torque follow the same 
pattern as shown in Figs. 10 (d) and (e).  
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Figure 11 shows the spectrum of the generator torque in Fig. 
10(f). The 3p, 6p periodic components and its order are the 
dominant components that represents the frequencies of the 
wind shear and tower shadow components.  It should be 
expected that the amplitude decreases when they increase in 
order.  

To test the proposed controller performance, the stator 
reactive power reference changed in a step from 0 to 1750 
Var as shown in Fig. 12. The actual reactive power follows 
the changes and the rotor d-axis current follows the reference 
as shown in Fig. 12 (a) and (b). The measured stator and rotor 
currents are depicted in Fig. 13 (a) and (b).  It is obvious that 
the currents are almost sinusoidal. The spectrum shown in Fig. 
14 indicates that the dominant frequency for the supply 
voltage and current is equal to the fundamental frequency 60 
Hz. 

 
Q

Q  0 [Var]

  0 [A]

500 [Var/div]

5 [A/div]

(a)

(b) 100 [ms/div]

idr*idr

*

 
Fig. 12. Reactive power control: 
(a) stator reactive power and reference,  
(b) rotor-side d-axis current and reference  
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Fig. 13. DFIG currents after synchronization: 
 (a) grid-side Q-axis current and reference,  
 (b) grid-side D-axis current and reference 
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Fig. 14. (a) Steady-state waveforms of grid voltage and 
current 
(b) Spectrum of grid current 
(c) Spectrum of grid voltage 
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Fig. 15. Rotor current variation due to speed transition. 
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Rotor power [W]
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Fig. 16. Rotor power variation due to speed transition. 
 

Figure 15 shows the rotor current variation from sub to 
super-synchronous speed. It is clear that the speed varies from 
sub to super-synchronous smoothly when a back-to-back 
converter is used. As the rotor speed increases, the rotor 
power decreases to zero and increases in the reverse direction. 
Theoretically, the rotor power reverse its direction at 
synchronous speed. However, the zero-crossing doesn’t 
occur at the synchronous speed due to the different system 
losses such as rotor and converter losses. Figure 16 and 17 
show that the zero-crossing is about 1875 rpm.  
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Fig. 17.  Rotor power variation due to speed transition. 
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Fig. 18. Stator power variation due to speed transition 

 
     On the other hand, the power of the stator is optimized and 
controlled to track the maximum output for continuous wind 
speed variations. The region AB of Fig. 18 shows the 
maximum power tracking when the wind speed value is 
higher than the cut-in speed. When the generator rotational 
speed reaches its maximum value, the rotor speed is set to this 
value. Meanwhile the stator power increases whenever the 
wind speed increases as shown in Fig. 18. The pitch angle 
controller is activated when the wind speed increases over the 
pre-determined limit to maintain the output power at the rated 
value as described by the region DE. 
 

5. Conclusion   
 

This paper presented an MSF current controller for the 
RSC and GSC. The detailed design of the GSC controller was 
derived using the pole placement technique from 
multivariable system regulation theory. The GSC controller 
has two main parts: the outer DC link voltage controller, 
which is a PI controller, and the inner d- and q-axis current 
controllers, which are state feedback controllers. The outer 
voltage controller incorporating integral control regulates the 
DC link voltage with strong dynamics and zero steady state 
error. The inner current controllers guarantee fast transient 
responses and excellent dynamic performance. The RSC is 
controlled to extract the maximum possible power from wind 

and to control the stator reactive power. The inner loops of 
the reactive and active power controllers are the d- and q-axis 
current controllers, respectively. Both current controllers use 
MSF to ensure excellent dynamic performance, which is 
necessary in the synchronization mode and control mode 
since the wind speed changes continuously and rapidly. For 
both the GSC and RSC, the control strategy is able to provide 
excellent performance under different operating conditions 
and shows the ability to connect the DFIG in about one cycle. 
This performance is achieved by using both feedforward and 
feedback components for the input references and 
disturbances.  
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7. Appendices  
The specifications for the induction machine used for testing 
are as follows: three-phase, four poles, 230 [V], 50 [Hz], 3 
[kW]. 
 
Table 1. Parameters of the Turbine Blade Model. 

 
Parameters Value 

Blade radius 0.95 [m] 
Max. power conv. coeff. 0.45 
Optimal tip-speed ratio 7 

Cut-in speed 4 [m/s] 
Rated wind speed 13 [m/s] 

  
  

Table 2. Parameters of the 3 kW Squirrel-Cage 
Induction Generator 

 
Parameters Value 

Stator resistance 0.93 [Ω] 
Rotor resistance 0.533 [Ω] 

Iron loss resistance 190 [Ω] 
Stator leakage inductance 0.003 [H] 
Rotor leakage inductance 0.003 [H] 

Mutual inductance 0.076 [H] 
 


