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Abstract — This paper presents the implementation of a direct 

active and reactive power control of a doubly fed induction 

generator (DFIG) applied to a wind generation system as an 

alternative to the classical field oriented control (FOC). The FOC 

is known to have complex control structure, which consists of 

current controller, power controller and frame transformations, 

and also depend highly on parameter variation such as rotor and 

stator resistances and inductances. The proposed direct power 

control (DPC) method produces a fast and robust power response 

without calling for complex structure and algorithms. However, 

it has high power ripple during steady state. In this paper, active 

and reactive power controllers and space-vector modulation 

(SVM) are combined to replace the hysteresis controllers used in 

the original DPC drive, resulting in the fixed switching frequency 

of power converter. The simulation results with FOC and DPC 

for a 3kW DFIG are given and discussed and experimental 

results for the same machine are shown to illustrate the feasibility 

of the proposed control strategy. 
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I. INTRODUCTION

The concept of a doubly fed induction generator  applied

to a wind generation system is an interesting option with  a 

significant market potential. This system allows variable speed 

operation over a large, but restricted range. The most 

important merits of variable speed wind turbines compared to 

conventional fixed speed wind turbines are increased energy 

capture, improved power quality and reduced mechanical 

stress on the wind turbine [1]. 

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. A 

schematic diagram of variable speed wind turbine system with 

a DFIG is shown in Fig. 1. 

The power converter consists of the rotor-side converter and 

the 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 a converter 

operation at unity power factor [2]. Control of a DFIG is 

traditionally achieved through the control of the components 

of the voltage vector in a field-oriented control (FOC), which 

is achieved by a rotor current controller [3-6]. One main draw 

back of this system is that its performance depends greatly on 

accurate machine parameters such as stator, rotor resistances, 

and inductances. 
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Fig. 1. Schematic diagram of variable speed wind turbine system with a DFIG. 

Thus, performance degrades when actual machine 

parameters depart from values used in the control system. 

Direct power control (DPC) abandons the rotor current control 

philosophy, characteristic of FOC and achieves bang-bang 

active and reactive power control by modulating the rotor 

voltage in accordance with the active and reactive power 

errors. DPC is characterized by fast dynamic response, simple 

structure and robust response against parameter variations. It 

does not employ a rotor current controller and SVM [7], [8]. 

One drawback with the basic DPC is that it displays large 

current, active and reactive power ripple, resulting in vibration 

and acoustic noise. Another drawback for DPC is converter 

switching frequency variation that significantly complicates 

power circuit design. In order to obtain a smooth operation 

and fixed switching frequency, direct power control is 
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combined with a SVM strategy based on the principles of the 

DPC method. 

This paper presents a new direct active and reactive power 

control based on SVM for a DFIG-based wind turbine system. 

The control strategy directly calculates reference rotor control 

voltage with each switching period, using the estimated stator 

flux, the calculated active and reactive powers and their errors. 

Simulation results for a 3 kW are shown to demonstrate and 

experimental results for a 3 kW are shown to demonstrate the 

performance of the proposed control strategy. 

II. FOC REVIEW

A. Modeling of the DFIG 
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Fig. 2. An equivalent circuit in the arbitrary reference frame. 

The DFIG is a wound rotor induction generator, in which 

the rotor circuit is connected to the grid through two back-to-

back converters with a common DC link capacitor bank. The 

ability to subtract and supply power from the rotor makes it 

possible to operate the DFIG at sub-synchronous or super-

synchronous speed while keeping a constant voltage and 

frequency on the stator [9].  

The d-q model in the arbitrary reference frame is expressed 

as follows. 
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where , , ,ds qs dr qrI I I I  and , , ,ds qs dr qrλ λ λ λ are the currents 

and the fluxes of the stator and rotor in d- and q-axes, sR  and 

rR  are the resistances of the stator and rotor windings, rω  is 

the rotor speed. 

An equivalent circuit is set up by means of the voltage and 

flux equations of the arbitrary reference frame, as shown in 

Fig. 2. 

B. FOC for the DFIG 

The rotor-side converter is controlled in a synchronously 

rotating dq-axis frame, with the d-axis oriented along the 

stator flux vector position. In this way, a decoupled control 

between the stator active and reactive powers is obtained. The 

influence of the stator resistance can be neglected and stator 

flux can be constant as the stator is connected to the grid. For 

such a reference frame selection, the DFIG model can be 

derived as 
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Fig. 3. Field oriented control (FOC) structure for the rotor side converter of a DFIG. 
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where 2 21 / , /m s r mm m sL L L L L Lσ = − = , sl s rω ω ω= − is the slip 

frequency, sω is the electrical angular velocity of the stator, 

msI is the magnetizing current of the generator. 

The DFIG stator active and reactive powers may be 

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

powers are controlled via qrI and drI  respectively. In the 

DFIG voltage equation (5), the rotor currents qrI  and drI  can 

be controlled using qrV  and drV  respectively. The control 

scheme consists of inner current controller and outer power 

controller. Fig. 3 shows the FOC scheme for the rotor-side 

converter of a DFIG.  
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Fig. 4. Overall control system for the FOC. 

The pole-placement method is utilized to design PI-

controllers in current control loops and power control loops 

[11]. Consequently, the resulting overall control system 

implemented on the DFIG corresponds to the block diagram 

sketched in Fig. 4. It is seen from the control system that all 

the plants for the current control loop are stable with only one 

single dominant nonzero pole. In this condition, a 

straightforward approach for designing a PI-controller is to 

place the zero of the PI-controller to approximately cancel the 

dominant pole of the plant, resulting in the closed-loop 

transfer function of the overall control system. 
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As can be seen from (9), the variation of machine 

parameters, especially mutual inductance, has impact on the 

power dynamics. 

III. PROPOSED DPC STRATEGY FOR THE DFIG 

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

synchronous frame is fixed to the stator flux, as shown in Fig. 

5. Since the stator is directly connected to the grid, and the 

influence of the stator resistance can be neglected, the stator 

flux can be considered constant. 
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 Fig. 5. Stator and rotor flux vectors in the synchronous d-q frame.

From (1), for a synchronous frame ( e sω ω=  - the stator flux 

speed, e
s dsλ λ= ), the stator voltage vector is given as 

.e

s qs s dsV V ω λ= =                                                               (10) 

Based on (3), the stator current is given by 
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Using (8) and (11), the stator active and reactive power 

inputs from the network can be calculated as 
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where 1.5 /( )m s rk L L Lσ σ= .

Since the stator flux remains constant, according to (12), the 

active and reactive power changes over a constant period of 

sT  are given by 
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As shown in Fig. 5, in the synchronous d-q reference frame, 

the rotor voltage is given by 
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Combining (12), (13) and (14) and neglecting the rotor 

resistance, the rotor voltage required to eliminate the power 

errors in the d-q reference frame is calculated as 
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The first terms on the right-hand side reduce power errors 

while the second terms compensate for the rotor slip that 

causes the different rotating speeds of the stator and rotor 

fluxes. As can be seen, calculations require only simple 

multiplications and no complicated mathematics. 
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Fig. 7. Overall control system for the DPC. 

The schematic diagram of the proposed DPC for a DFIG 

system is shown in Fig. 6. The controller contains two PI 

controllers, -one for active power and one for reactive power-, 

and a SVM unit. The stator active and reactive powers can be 

calculated directly. The stator flux is estimated using the  
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(a) 

               
(b)

               
(c) 

                                  (A) With nominal mL                                                                            (B) With 0.5 mL

Fig. 8. Simulation results of power step responses (a), stator currents (b) and DC-link voltage (c) in the FOC drive. 

measured stator voltages and currents in the stationary 

reference. Considering (12), (14) and (15), block diagram 

displays the dynamics existing between sP  and *

qrV , on the one 

hand, sQ  and *

drV , on the other hand. The overall control 

structure of a DPC is essentially constituted by one power 

controller. Fig. 7 evidences that both dynamics turn out to be 

exactly the same. Furthermore, this stator flux may be 

regarded as a constant disturbance, whose effect on sQ may 

be easily removed just by closing the reactive power control-

loop via a compensator including 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 - *

sQ or *

sP - from its actual value - 

sQ or sP , respectively. This is due to the fact that   and   are 

strictly negative. As a result, both sQ and sP closed-loop 

dynamics can be represented by the unique second-order 

transfer function given next. 
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(a) 

              
(b)

              
(c) 

                                  (A) With nominal mL                                                                            (B) With 0.5 mL

Fig. 9. Simulation results of power step responses (a), stator currents (b) and DC-link voltage (c) in the DPC drive. 
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From the transfer function (16), dynamics can be mainly 

influenced by the constant kσ that are determined by the 

stator and rotor leakage and mutual inductance. Substituting 

stator and rotor inductances (3), the parameter kσ is rewritten 

as follow. 
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Since the leakage path is mainly air, the variation of 

machine parameter has little impact on the power dynamics. 
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(a) Schematic diagram of the experimental setup. 

(b) Real picture of experimental setup 

Fig. 10.  Experimental setup of the DPC system. 

IV. SIMULATION RESULTS

Simulation of the proposed control strategy for a DFIG-

based generation system is performed to show that the DPC 

drive is able to operate with fast dynamic response and 

robustness of reactive and active power control in comparison 

with the conventional FOC drive. The DPC and FOC 

strategies are simulated for a 3kW, 220V, 14.7A, 60Hz four-

pole machine and the parameters 0.667 , 0.625 ,s rR R= Ω = Ω
67.3 , 67.3s rL mH L mH= = and 63.7mL mH= .

Fig. 8 and 9 show power responses of the FOC drive and 

the DPC drive when the active and reactive powers are step 

changed from -600Var to 600Var at 0.2s and from -1200W to 

-2700W at 0.4s, respectively (“-” refers generating active 

power and absorbing reactive power). An improve operation 

in terms of fast dynamic response can be noticed with DPC. 

The FOC drive is sensitive to changes in the mutual 

inductance as shown in Fig. 8(A) and (B). In Fig. 8(B), the 

reactive power deviates from the control when the reference 

power -600Var is applied and the overshoot of both the stator 

currents and the active power occurs under transient 

conditions. However, Fig. 9(A) and (B) show the robustness 

of the DPC drive when the mutual inductance has Lm and 

0.5Lm respectively. It does not depend on the mutual 
inductance variation and has a robust characteristic against 

parameter variation. 
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V. EXPERIMENTAL RESULTS

The experimental setup of the DPC system is shown in Fig. 
10. The rated values and parameters of a DFIG are same as the 

simulation. The generator is driven by 4.96kW, 220V, 

3000rpm PMSM fed by an AC inverter. The power electronic 

stages consist of two back-to-back converters using intelligent 

power modules (IPM). The rotor-side voltage source PWM 

converter is inserted in the rotor winding and the grid-side 

voltage source PWM converter is connected to the stator 

winding via an AC filter. 

The converters are 3kW rated IGBT bridges with a 2400µF

DC-link capacitor, whose sampling time is 200µs and 
switching frequency is 5kHz. The digital controller is based on 

a digital signal processor (TMS320VC33 DSP) and a 12-bit 

analog-to-digital (A/D) converter providing fast processing for 

floating-point calculations. Hall sensors are employed in the 

current measurement, and the reference voltages are 
synthesized from the regulated DC-link voltage and SVM 

signals of the converters. Sampling time during the experiment 

is 100µs and the rotor side converter switching time is 200µs. 
Deadtime compensation is also included. 

During the experiment, two processes are carried out before 

the stator winding is connected to the grid via a magnetic 

contactor (MC). Firstly, at lower rotor speeds, the power 

generation from DFIG is not enough to supply to the grid. The 

magnetic contactor is activated when the rotor speed reaches a 

set rotor speed. Secondly, the stator winding is connected to 

the grid when the stator voltage, frequency and phase are 

aligned to the grid. Fig. 11 shows that the stator winding is 

connected to the grid within 0.24 s. The DPC controller gains 
used are as follows: 

PQK = 0.5, IQK = 500, PPK = 0.5, IPK = 500; 

To verify the proposed control strategy, the experimental 

investigation is focused on the active and reactive power 

response and the stator current ripple. The active and reactive 

power references are step changed from -3kW to -2.2kW at 

0.5 s and from -0.2kVar to 0.9kVar at 0.7 s, respectively. It is 

noted that there is no overshoot during transient operation and 

the steady-state error is maintained constant. The effectiveness 

of the proposed DPC strategy is confirmed in Fig. 12. 

For the maximum power tracking (MPPT) curve of 

variable-speed wind turbine [12], tests for a complete 

generation system are carried out. The DFIG is set in power 

control. Given a rotor-speed measurement using an encoder, 

active power references are calculated from the MPPT curve 

and imposed on the DFIG after compensating for the power 

losses. Fig. 13 shows the experimental result when the rotor 

speed changes from 1480 to 1550rpm. In Fig. 13, the 

generation system operated well and achieved the MPPT 

curve during rotor speed variation. 

Fig. 11.  Experimental results of the connection to the grid. 

Fig. 12.  Experimental results of the proposed DPC step responses. 
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Fig. 13. Experimental results of a complete generation system. 

VI. CONCLUSION

A direct power control method for DFIG drives was 

proposed to control the active and reactive powers directly 

without frame transformation and current controller used in 

the FOC drive, and achieve robustness. Simulated results and 

experimental results show the validity of the DPC algorithm 

with a fixed switching frequency. Comparing the FOC drive, 

the proposed control strategy can provide fasts dynamic 

response under transient conditions and robust characteristic 

against parameter variation. 
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