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ABSTRACT 
 

This paper presents an implementation of a direct active and reactive power control for a doubly fed induction generator 

(DFIG), which is applied to a wind generation system as an alternative to the classical field-oriented control (FOC). The 

FOC has a complex control structure that consists of a current controller, a power controller and frame transformations. 

The performance of the FOC depends highly on parameter variations of the rotor and stator resistances and the inductances. 

The proposed direct power control (DPC) method produces a fast and robust power response without the need of complex 

structure and algorithms. One drawback, however, is its high power ripple during a steady state. In this paper, active and 

reactive power controllers and space-vector modulation (SVM) are combined to replace hysteresis controllers used in the 

original DPC drive, resulting in a fixed switching frequency of the power converter. Simulation results with the FOC and 

DPC for a 3kW DFIG are given and discussed, and the experimental results of a test involving identical machines are 

presented to illustrate the feasibility of the proposed control strategy. 
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1. Introduction 

 

The doubly fed induction generator (DFIG) applied to 

wind generation systems has been of interest due to its 

significant market potential. This system allows variable 

speed operation over a large but restricted range. A DFIG 

consists of a wound rotor induction generator (WRIG) 

with the stator windings directly connected to a 

three-phase power grid and with the rotor windings 

mounted to a bidirectional back-to-back IGBT frequency 

converter
[1-4]

. A schematic diagram of a variable-speed 

wind turbine system with a DFIG is shown in Fig. 1. 

The power converter consists of a rotor-side converter 

and a grid-side converter in which the rotor-side converter 

controls the active and reactive power and the grid-side 

converter controls the DC-link voltage and ensures 

operation of the converter at a unity power factor 
[5]
. 

Control of a DFIG is traditionally achieved through 

control of the components of the voltage vector in a 

field-oriented control (FOC), which is achieved by a rotor 

current controller
[6-9]

. One main drawback of this system is 

that its performance depends greatly on accurate machine 

parameters pertaining to the stator, rotor resistances,  
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mm m s
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sl s rω ω ω= −  is the slip 

frequency, ωs is the electrical angular velocity of the stator, 
and Ims is the magnetizing current of the generator. 

The DFIG stator active and reactive powers are 

computed as follows: 
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Due to the constant stator voltage, the stator active and 

reactive powers are controlled by means of Iqr and Idr, 

respectively 
[15]

.  
 

3. Maximum Power Point Tracking(MPPT) 

Strategy 

 

The output power of a turbine is given by the following 

equation. 
 

3

3
_max

1

2
t P t

opt

R
P A Cρ ω

λ

 
 =
 
 

        (9) 

 

where A is cross-sectional area[m2]; ρ is the air density 

[kg/m2]; Cp_max is the power coefficient; R is the radius of 

turbine [m], and tω is the turbine speed [rad/s]. Since the 

Cp_max is always maintained at maximum value, the power 

output of the turbine is controlled by the rotor speed. From 

(9), the generator torque can be calculated as 
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Fig. 3.  Turbine Power as a function of turbine speed for 

different wind velocities. 

 

Converted to electrical energy in generator torque Te is 

as follows 

 

e t tT T Bω= −         (11) 

 

where B is friction coefficient that contains all of friction 

elements that exist between a blade and a generator. 

The typical power-speed characteristics of a wind 

turbine at different wind speeds, having a fixed pitch angle, 

are shown in Fig.3. It can be seen that the turbine speeds 

for maximum output power are different for different wind 

speeds 
[16]

. 

 

4. Proposed Direct Power Control for the 

DFIG 

 

In the proposed control strategy, the d-axis of the 

synchronous frame is fixed to the stator flux. As the stator 

is directly connected to the grid, and since the influence of 

the stator resistance can be neglected, the stator flux can 

be held constant. From (1), for a synchronous frame (the 

stator flux speed), the stator voltage vector is given as 

 

.s qs s dsV Vω ω λ= =         (12) 

 

Based on (3), the stator current is expressed by 
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The stator active and reactive powers can be calculated 

directly. The stator flux is estimated using the measured 

stator voltages and currents in the stationary reference. 

Considering (14), (16) and (17), a block diagram displays 

the dynamics existing between Ps and Vqr
ω*
 on the one 

hand, and between Qs and Vdr
ω*
 on the other hand. 

The overall control structure of a DPC is essentially 

constituted by one power controller. Fig. 5 shows that both 

dynamics are identical. Furthermore, this stator flux may 

be regarded as a constant disturbance whose effect on Qs 

can be removed easily simply by closing the reactive 

power control-loop via a compensator that includes an 

integral action. It is fundamental to note that the error 

signals feeding the PI controller are computed by 

subtracting the set-point of the variable to be controlled, 

Qs* or Ps*, from its actual value, Qs or Ps, respectively. 

This is due to the fact that Qs* and Qs are strictly negative. 

As a result, both Qs and Ps closed-loop dynamics can be 

represented by the following unique second-order transfer 

function: 

       
(a) 

 

       
(b) 

 

       
(c) 

 

(A) With nominal Lm                                        (B) With 0.5Lm 
 

Fig. 6.  Simulation results of the power step responses (a), stator currents (b) and DC-link voltage (c) in the DPC drive. 
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   Fig. 8.  Experimental results of the connection to the grid. 

 

DFIG-based generation system was performed to show 

that the DPC drive is able to operate with fast dynamic 

response and robustness of the reactive and active power 

control in. The DPC strategy was simulated using a 3kW, 

 

 

 

 
 

Fig. 9.  Experimental results of the proposed DPC step 

responses. 

220V, 14.7A, 60Hz four-pole machine with the 

parameters Rs=0.667 Ω , Rr=0.625 Ω , Ls=67.3mH, 

Lr=67.3mH, and Lm=63.9mH. Fig. 6-(a) shows the power 

response of the DPC drive when the active and reactive 

powers are step-changed from -600Var to 600Var at steps 

of 0.2s and from -1200W  to -2700W at steps of 0.4s, 

respectively (“-” refers to the generation of active power 

and to the absorption of reactive power). The DPC 

strategy has a faster dynamic response than the FOC 

strategy. A FOC drive is sensitive to the changes in the 

mutual inductance. Fig. 6-(A) and (B) show the simulation 

with the mutual inductance used in the controller having 

0% and 50% errors, respectively. Fig. 6-(B) shows the 

robustness of the DPC drive. This does not depend on the 

variation of the mutual inductance and shows robust 

characteristics against parameter variations. 

 

6. Experimental Results 

 

 
 

 
 

Fig. 10.  Experimental results of a complete generation system. 
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