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Abstract: Wind energy is utilizing the air flow through wind turbines to generate the electrical power and
energy. In this paper, we proposed a new method for controlling the stator active or reactive power ripple
components under unbalanced grid voltage for wind power generation using doubly-fed induction generators
(DFIG) by employing the PWM controller. Direct control strategy is utilized for the stator active and reactive
power by selecting appropriate voltage vectors on the rotor side. Simulation results on a 9 MW DFIG system
are provided to illustrate the proposed control strategy effectiveness during variations of reactive and active
power, converter dc link voltage and rotor speed. The system is simulated by using MATLAB software and the
results showed that the achieved strategy make a good control performances of the system.
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INTRODUCTION

One of the standards for drive option for high-power applications including a limited speed range is
doubly fed induction machine connected to an AC/DC/AC converter in the rotor circuit. Power converter in here
has a duty to handle the rotor power. Vector-control methods are one of the popular strategies for the
independent control of rotor excitation current and torque (Leonhard W, 2001). Jones and Jones have proofed
that we can utilize a vector-control strategy for decoupled controlling of the reactive and active power drawn
from the supply (Jones, s.r., and Jones, k, 1993). DFIG systems can be employed as a current-fed (naturally
commutated) DC-Link converter (Smith, G.A et al, 1981; Uctug, M.Y. et al., 1994) or as a cyclo-converter
(Machmoum, M., et al. 1992) in the rotor circuit. T. Brekken and N. Mohan (2003) proposed a DFIG control
strategy to reduce torque ripple for unbalanced grid voltage, by not considering the active and reactive power
ripple components. H. S. Song and K. Nam (1999) presented a sensational dual current control technique by
employing the positive and the negative sequence current components in ac/dc PWM converter systems.
Schematic diagram of a DFIG device is shown in the Figure in below.

Prreplyw
enargll

A /| L | DC
Ab/ ——§ L

ocl = | / AC

Przeksztainik

AC/DCIAC

Przeklachnia

Genarator Przephyw -
indhakeyjrry energl
podaapie

Zasiarey

Turbing
Walrows

Figure 1. Schematic diagram of DFIG-based wind generation systems.

DFIG Model

Wind turbines can generate the electrical power using the wind.In this case, wind after passing from the
blades, generates lift and exerts a turning force. By turning the rotating blades, the shaft inside the nacelle will
be turned and will go into a gearbox. The rotational speed will be increased by the gearbox considering that the
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amount is suitable for the generator to use the magnetic fields to convert the rotational energy into electrical
energy. The current-voltage equations of the stator and rotor in a d-q synchronously rotating reference frame
can be presented as below:

o dy 1)
Vgs = Rs'qs % + OWys
. dy (2)
Vi =R +—2 —w
ds s'ds dt qu
) 3)
Vo = erqr
. d 4)
o =Ry + z’;/dr +(o-0,)y,

Where wis the synchronous angular frequency, e, is the slip angular frequency and R, and R are equivalent
resistances of stator and rotor windings, respectively. The flux equations can be illustrates as below:

Wes = Lilgs + Lol ®)
Wes = Llgs + Ly (6)
Wo =Ly + L )
Yo = Loy + Lyl (8)
L, =L, +L, (9)
L =L, +L, (10)

Where L,,L,, L, are mutual and self inductances of stator and rotor windings, respectively (L. Xu and Y.
Wang, 2007).
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Figure 2. Equivalent circuit of the popular induction machine

Active and Reactive Power Control System using PWM
In this method, the voltages and the currents of the 3-phase stator are first converted into the d-q coordinate.

After that, the active and the reactive powers are then evaluated. The active and the reactive powers equations
are given in below:

3
P = E(Vdslds qs qs)

3
Qs = E (Vqslds - Vdslqs)
These equations are simulated as the figure below:
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46



World Essays J. Vol., 4 (1), 45-50, 2016

aphz

Vs o beta

Vs_gbe

b

Viz_thets

Stator voltege
Clarke's ransformation

w

ultfupuud

w

At PsinfuuZrcoslu 3}
i
Stator Voltage

w

._'-) Is J—L’.
ls_ate W 5ip

w3l )

Ieke Slip wt conversion

A1 sinfu U2y easuf3)

o8y

g
Stator Cument

Figure 3. Stator active and reactive powers

By using these achieved active and reactive powers and DC voltage link, the control signal will be
produced. For this purpose, a Pl controller can be used to achieve the basis value of the |4 and |4 which is
achieved by the error of the real and the desired values of the active and reactive powers. Afterwards, a signal
by using the |4 and Iqwill be produced in the abc coordinate.

Pl controler

Pl controler rdk1

ur_abc
Figure 4. control loop for the DFIG

The reference signal will be made by using the achieved control signal and the DC voltage link where
it's difference by a triangle wave will be made the considered PWM for the converter control signal. This means
that if the triangular wave's value gets bigger than the reference signal, the output will be 1, otherwise it will be
0.
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Figure 5. rotor converter control
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Simulation Results

For analyzing the proposed control strategy, computer simulations are performed using Matlab
simulink. The analyzed system is selected from the (S. Morimoto et al., 2005). The DFIG used for simulation is
rated at 9MW, generator output voltage is constant at 575v, the inductance and the resistances of the stator
winding are 0.18pu and 0.023 pu respectively. The inductance and the resistance of the rotor winding are
0.16pu and 0.016pu respectively and the numbers of the magnetic poles are 6 and the inertia moment of the
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Figure 6. PWM control wave

rotor is 0.685.The simulated system is shown in the figure below:
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Figure 7. Active and reactive power control system of DFIG by using PWM method

reactive power reference is considered zero and constant wind speed is equal to 10m/sec
The simulation results are given in the below:

The injected currents to the network are shown in the figure below. As it can be seen, after error
correction, the current is back to the normal situation.
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Figure 8. the voltage of the network
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Figure 9. stator current of the network side

The next figure shows the voltage variations of the DC link.
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Figure 10. DC link voltage variations.

Active and reactive power variations during the error are shown in the fig.11. As it can be seen, the
system controller causes the active power injection during the error.
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Figure 11. active and reactive power variations of the stator output.

In the fig. 12, the rotor winding current is shown during the error.
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Figure 12. 3-phase currents of the rotor winding
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CONCLUSIONS

In this paper, a new strategy is introduced to control the active and the reactive power s of DFIG based wind
plant. The main purpose of this study is to proper inject of power in the maximal situation and to control the
overall system. The speed information and the maximum power are simulated by using the MATLAB software.
Afterwards, the proper controllers are simulated for the rotor side converters. Simulation are applied on the
variable wind speed in the constant and variable network voltage conditions and the results showed that the
proposed control strategy reduced the active or reactive power ripples individually. The results showed that the
system controller can act in a good manner under the considered conditions.
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