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Abstract - This paper proposes a power control scheme
for doubly-fed induction generator for variable speed
wind power generation. This scheme uses stator flux
decoupling and deadbeat control loops. The algorithm of
the deadbeat calculates the voltage vector to be supplied to
the rotor in order to guarantee that the active and reactive
power reach their desired reference values. Because the
generator leakage inductance and resistance information
were required for this control method, the influence
of the estimation errors for these parameters was also
investigated. Simulations results are carried out for
validation of the digital controller operation.

Keywords – Doubly-fed induction generator, power
control, wind energy,variable speed constant frequency
applications.

I. INTRODUCTION

The renewable energy systems and specially wind energy
have attracted interest due to the increasing concern about
CO2 emissions. The wind energy systems using a doubly-
fed induction generator (DFIG) have some advantages due to
variable speed operation and four quadrant active and reactive
power capabilities compared with fixed speed induction
squirrel cage and synchronous generators [1,2].

The stator of DFIG is connected directly to the grid and
the rotor links the grid by a bi-directional converter as shown
in Figure 1. The rotor converter objective aims to the DFIG
active and reactive power control between the stator and ac
supply.

Fig. 1.Configuration of DFIG connected directly on grid.
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Control of DFIG wind turbine systems is traditionally based
on either stator-flux-oriented [3] or stator-voltage-oriented [4]
vector control. The scheme decouples the rotor current
into active and reactive power components. Control of the
active and reactive power are achieved with a rotor current
controller. Some investigations using PI controllers and stator-
flux-oriented have been presented by [5, 6]. The problem in
the use of PI controller is the tuning of the gains and the
cross-coupling on DFIG terms in the whole operating range.
An interesting method to solve these problems have been
presented by [7–9].

Some investigations using predictive functional controller
[10] and internal mode controller [11, 12] have satisfactory
power response when compared with the power response of
PI but it is hardly to implement them due to the predictive
functional controller and internal mode controller formulation.

A direct power control was proposed based on the principles
of direct torque control strategy in [13–15]. This scheme
calculates the required rotor controlling voltage within each
sampling period directly based on the estimated stator flux,
active and reactive powers and their errors. Meanwhile, a
constant switching frequency was achieved by the space vector
modulation (SVM) technique. However this method still
encounters some problems such as over-current under grid
voltage sags.

To improve the power response and to protect of rotor-side
converter under grid voltage sags a proportional control with
anti-jamming control has been proposed by [16]. This control
has satisfactory power response and eliminate the rotor current
overshoot in voltage sags when the loop of torque control is
applied, although power and rotor current results was shown
only in fixed speed operation. The proportional controller
needs to be carefully tuned to ensure system stability and
adequate response within the whole operating range and the
power control with rotor current loops has a current overshoot
as drawback.

This paper proposes a power control scheme for doubly-fed
induction generator for variable speed wind power generation.
This scheme uses stator flux decoupling and deadbeat control
loops. The algorithm of the deadbeat calculates the voltage
vector to be supplied to the rotor in order to guarantee that
the active and reactive power reach their desired reference
values. Because the generator leakage inductance and
resistance information were required for this control method,
the influence of the estimation errors for these parameters
was also investigated. Simulations results are carried outfor
validation of the digital controller operation.
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II. MACHINE MODEL AND ROTOR CURRENT
VECTOR CONTROL

Doubly-fed induction generator model in synchronous
reference frame is given by [17]~v1dq = R1~i1dq + d~�1dqdt + j!1~�1dq (1)~v2dq = R2~i2dq + d~�2dqdt + j (!1 � PP!me)~�2dq (2)

the relationship between fluxes and currents~�1dq = L1~i1dq + LM~i2dq (3)~�2dq = LM~i1dq + L2~i2dq (4)

The machine dynamics is given byJ d!medt = 32PP Im(~i1dq~��1dq)� TL (5)

The generator active and reactive power areP = 32 (v1di1d + v1qi1q) (6)Q = 32 (v1qi1d � v1di1q) (7)

The subscripts1 and 2 represent the stator and rotor
parameters respectively,!1 is the synchronous speed,!me
is the machine speed,R1 and R2 are the stator and rotor
windings per phase electrical resistance,L1 , L2 and LM
are the proper and mutual inductances of the stator and rotor
windings,~v is the voltage vector,~i is the current vector,~� is
the flux vector ,PP is the machine number of pair of poles,J
is the load and rotor inertia moment andTL is the load torque.

The DFIG power control aims independent stator activeP and reactiveQ power control by means a rotor current
regulation. For this purpose,P and Q are represented as
functions of each individual rotor current. Using stator flux
oriented control, that decouplesdq axis (3) becomesi1d = �1L1 � LML1 i2d (8)i1q = �LML1 i2q (9)

Where�1d = �1 = j~�1dqj. The active (6) and reactive (7)
power can be calculed by using (8) and (9)P = �32v1LML1 i2q (10)Q = 32v1��1L1 � LML1 i2d� (11)

Wherev1 = v1q = j~v1dqj. Thus, rotor currents will reflect
in stator currents and on stator active and reactive power.

Consequently this principle can be used on stator active and
reactive power control of the DFIG.

Rotor Side Equations
The rotor currents control by using (10) and (11) allows

the DFIG power control. The rotor voltage (2), in the
synchronous referential frame using the stator flux position,
and by using (8) and (9) becomes~v2dq = (R2 + j�L2!sl)~i2dq+�L2 d~i2dqdt +j LmL1 !sl�1 (12)

where!sl = !1 � PP!me and� = 1� L2ML1L2 .
In space state form (12) becomes_�i2 = H �i2 +K �v2 + L ��1 (13)�di2ddtdi2qdt � = " �R2�L2 !sl�!sl �R2�L2 # �i2di2q�+ � 1�L2 00 1�L2 ��v2dv2q�+" 0 !slLM�L1L2�!slLM�L1L2 0 # ��10 � (14)

Due to the fact that the mechanical time constant is much
greater then the electrical time constants. Thus!me =onstant is a valid approximation for each sample period [18–
20]. Hence the slip speed!sl = onstant, due to the
synchronous speed!1 = 2�f was fixed by the grid andf = 60Hz.

III. THE STATOR FLUX DECOUPLING AND
DEADBEAT CONTROL

The algorithms of the stator flux decoupling and deadbeat
calculate the input�u(k) in order to guarantee that the output�x(k) reach their desired reference values using a discrete
equation of the continuous linear system [21,22].

A linear continuous system is represented by_�x = A�x+B�u+G �w�y = C�x (15)

where �w denotes the perturbation vector andA; C; B andGn � n matrices. In this paperC = I , whereI is the identity
matrix.

Equation (15) can be discretized consideringT as the
sampling period andk as the sampling time by using zero-
order-hold (ZOH) with no delay as�x (k + 1) = Ad�x(k) +Bd�u(k) +Gd �w(k) (16)

where Ad = eAT �= I +ATBd = Z �0 eATB d� �= BT (17)Gd = Z �0 eATG d� �= GT
The input�u equation at the(k � 1)th sampling instant is

given by�x (k) = Ad�x(k � 1) +Bd�u(k � 1) +Gd �w(k � 1) (18)
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BecauseGd �w(k) andGd �w(k � 1) is approximately equal,
hence, combining (16) and (18) yields an expression which
contains only the inputs�u and outputs�x.�u (k) = �u (k � 1) +B�1d [(�x(k + 1)� �x(k))�Ad(�x(k)� �x(k � 1))℄ (19)

Equation (19) indicates that the input can be calculated by
using the outputs at thek� 1, k andk+1th sampling instant.
This relationship can be used to calculate the input need to
procedure the reference at each control instant because both
the feedback and the reference atk� 1 and k sampling period
instant are available when (19) is evaluated, either of themcan
be used in creation of the input.

The control law that uses the reference�xref at thek + 1
andkth sampling instants to calculate the input�uff can be
formulated as �uff (k) = �u (k � 1) +B�1d [(�xref (k + 1)� �x(k))�Ad(�xref (k)� �x(k � 1))℄ (20)

where�xref (k+1) and�xref (k) is the reference atk+1 andk sampling instant. The total input applied is given by�uref (k) = �uff (k) + �ufb (k) (21)

where�ufb is achieved making (19)� (20), considering thatAd andBd was estimated correctly and treating the modeling
errors as a disturbance to the controlled output , then it can
be simplified by replacing the output with output errors thatis
given by��x (k + 1) = Ad��x (k) +Bd�ufb (k) (22)

where��x (k) = �xref (k)� �x (k). Note that when realizing
the control,�xref (k + 1) is not available at the time when�uff is calculated. Therefore,�xref (k) must be used instead�xref (k+1). In essence, the control reference must be delayed
one sampling period in the control. The effect of delaying the
reference one sampling period will shift the output response
back one sampling period as well, but the shape of the output
response remains the same.

To achieve a fast output response and a null steady state
error a separate deadbeat control is made by using (22) and
making�ufb (k) = �G��x (k). One is given by��x (k + 1) = (Ad �BdG)��x (k) (23)

From (23) the gains required to null steady state error are
found by(Ad �BdG) = 0.

The block diagram representing (20) and (23) is shown in
Figure 2

Fig. 2.Stator flux decoupling and deadbeat control block diagram.

A. Power Control

The control scheme uses a stator flux decoupling and
deadbeat control to obtain rotor voltages that should be applied
on generator in order to guarantee active and reactive power
reach their desired reference values. The digital power control
block diagram is shown in Figure 3. The converter that is
connected to the grid control the voltage of the link DC and
one can be controlled by using any control presented in [23].

Since the applied rotor voltage is also constant during a
power control period for voltage-fed PWM then (14) can be
discretized atkth sampling instant and expressed in the state
space form using (16) and making�x = �i2; A = H; B =K; �u = �v2; G = L and �w = ��1. It is given by equation�i2d(k + 1)i2q(k + 1)� = "1� R2T�L2 !slT�!slT 1� R2T�L2 # �i2d(k)i2q(k)�++ � T�L2 00 T�L2 ��v2d(k)v2q(k)�++" 0 !slLMT�L1L2�!slLMT�L1L2 0 # ��1(k)0 �

(24)

Fig. 3.Power control block diagram.

The rotor voltage can be calculated by using the rotor
currents at thek � 1, k andk + 1th sampling instant that can
be seen in (20) and (24) and it is given by~v2dqff (k) = ~v2dq(k � 1) ++�L2T [(~i2dqref (k + 1)�~i2dq(k) )℄ +���L2T �R2� [(~i2dqref (k)�~i2dq(k � 1) )℄ +�j �L2!sl [(~i2dqref (k)�~i2dq(k � 1) )℄ (25)

To eliminate the steady-state errors of active and reactive
power caused by the system parameter mismatch that is
replaced to current as errors and to improve the accuracy of
the proposed power control methods in accordance to (23) the
gain required isG = �L2T �1� R2T�L2 � j!slT� : (26)
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For the active power control, the rotor current reference by
using (10) is given byi2qref (k + 1) = i2qref (k) = �2PrefL13v1LM (27)

and for the reactive power control by using (11) the rotor
current reference isi2dref (k + 1) = i2dref (k) = �2QrefL13v1LM + �1LM (28)

Thus, if the d and q axis voltage components are calculated
according (25), (26), (27) and (28) above are applied to the
generator, then the active and reactive power convergence to
their respective commanded values will occur. The desired
rotor voltage in the rotor�� reference frame generates
switching signals for the rotor side using either space vector
modulation that is given byv2�� = v2dq eÆs�Ær .

Stator currents and voltages, rotor speed and currents
are measured to stator flux positionÆs and magnitude�1,
synchronous frequency!1 and slip frequency!sl estimation.

B. Estimation

To digital power control is required to calculate the
active and reactive power values, their errors, the stator
flux magnitude and position, the slip speed and synchronous
frequency.

The flux estimation using (1) is given by~�1�� = Z �~v1�� �R1~i1��� dt (29)

and the flux position by using (29) asÆs = artan��1��1�� (30)

The synchronous speed!1 estimation is given by!1 = dÆsdt = (v1� �R1i1�)�1� � (v1� �R1i1�)�1�(�1�)2 + (�1�)2
(31)

and the slip speed estimation by using the rotor speed and
synchronous speed is!sl = !1 � PP!me (32)

The rotor reference frame angle is given byÆs � Ær = Z !sldt (33)

IV. IMPACT OF PARAMETERS VARIATONS ON
SYSTEM PERFORMANCE

The analysis of impact of parameters variations was made
by using (25), (26), (27) and (28) , that allows rotor
voltage calculation. The stator resistance used in stator
flux estimation and the rotor resistance used in rotor voltage
calculation have negligible impact on system performance for
high power generators [4, 15]. The accuracy of the rotor
voltage calculation is influenced by the constant�L2 and the

inductance ratioL1=LM that are determined by the stator and
rotor leakage and magnetization inductance. Since the leakage
flux magnetic path is mainly air, the variation of the leakage
inductance during operation is insignificant [15]. However,
magnetization inductance variation needs to be considered
due to possible variation of the magnetic permeability of the
stator and rotor cores under different operating conditions.
The required parameters can be simplified considering the
relatively small leakage inductanceLl1 andLl2 compared to
the magnetization inductanceLM that is shown in Appendix
and it is given by�L2 �= (Ll1 + Ll2); L1LM = LM + Ll1LM �= 1 (34)

Equation (34) shows that the variations ofLM has little
impact in�L2 andL1=LM and therefore, its influence on the
performance of the proposed control strategy would also be
insignificant.

V. SIMULATION RESULTS

In the simulation of proposed digital control strategy was
used MATLAB/SimPowerSystemspackage. The digital power
control strategy has aT = 10�4s and the DFIG parameters
are shown in Appendix. Figure 3 shows the schematic of the
implemented system, the inverter was modeled as controlled
voltage sources and the energy stored by the DC link capacitor
was dissipated on a resistor load by using a hysteresis control
of one IGBT in series with a diode.

To the power factor (PF) control the reactive power
reference is given byQref = Pref p1� PF 2PF

Initial studies with various active and reactive power steps
and constant rotor speed at 226.6 rad/s were carried out to test
the dynamic response of the proposed power control strategy
and it is shown at Figure 4(a). The initial active power and
power factor references were being -60 kW and FP= +0:85.

The active power and power factor references were step
changed from�60 to�100 kW and from PF of0:85 to�0:85
at 2.5 s and the power reference were step changed again from�100 to �149:2 kW and from PF of�0:85 to 1 at 2.75 s,
respectively. The rotor currents in synchronous referential is
shown in Figure 4(b) and rotor speed, the rotor and stator
currents in the stationary referential are shown in Figure 5.
The dynamic response of both active and reactive powers are
in few milliseconds, there is no overshoot of either stator/rotor
or the active/reactive powers and the satisfactory performance
and robustness of the controller can be seen.
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(a) Response of step of active and reactive power.
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(b) Response of step of rotor currents in synchronous referential.

Fig. 4.Response of step tests for active and reactive power and
rotor currents in supersynchronous operation.

Studies with various power steps and rotor speed were
carried out to further test the proposed power control strategy.
During the period 2.5-2.84 s, the rotor speed increased from
151.1 rad/s to 226.6 rad/s. The Figure 6(a) shows the results
step reference tests of active and reactive power. The power
steps, i.e., active power and power factor references were
changed from -60 to -100 kW and from PF of 0.85 to -0.85 at
2.5 s. The rotor currents in synchronous referential is shown
in Figure 6(b) and the rotor speed, the rotor and stator currents
in the stationary referential are shown in Figure 7 and the
controlled capacitor voltage is presented in Figure 8. The
oscillations occurs due to the fact the voltage was controlled
by an hysteresis controller and the controller gives a signal to
open or close the IGBT in accordance with the error between
the voltage reference and the DC link voltage. The satisfactory
performance and robustness of the controller can be seen due
to the fact that the active and reactive power reach their desired
reference values when the rotor speed varies.
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(a) Rotor currents.
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(b) Stator currents.
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(c) Rotor Speed.

Fig. 5.Stator and rotor currents and rotor speed.

To test the impact of the parameters variations on the
system performance the rotor resistanceR2 and magnetization
inductanceLM of DFIG are increased of 20%. The same
tests of step reference of active and reactive powers with rotor
speed variation and with parameters variation are shown in
Figures 9 and 10. Comparing Figures 6 and 9 and Figures 7
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and 10, there is hardly any difference, and even with such large
inductance and rotor resistance errors, the system maintains
satisfactory performance under both steady-state and transient
conditions. This occurs due to it was considered that the
parameters were estimated correctly and the modeling errors
were considered a disturbance to the controlled output in the
controller formulation in wich it was presented in (23).
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(a) Response of step of active and reactive power.
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(b) Response of step of rotor currents in synchronous referential.

Fig. 6.Response of step tests for active and reactive power and
rotor currents with several speed operation.

VI. CONCLUSION

This paper has presented a power control scheme for
doubly-fed induction generator using stator flux decoupling
and deadbeat control loops. The controllers use the DFIG
equations to calculate the required rotor voltages in orderto
the active and the reactive power values reach the desired
reference values. This strategy has a similar power response of
the direc power control presented in [14, 15] and the constant
switching frequency overcomes the drawbacks of conventional
DPC [13,14].

The impact of machine parameters variations was also
analyzed and found to be negligible due to it was considered
that the parameters were estimated correctly and the modeling

errors were considered a disturbance to the controlled output
in the controller formulation. The simulations confirm the
effectiveness and the robustness of the power controller
during several operating conditions and variations of machine
parameters.
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(a) Rotor currents.
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(b) Stator currents.
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(c) Rotor Speed.

Fig. 7.Stator and rotor currents and rotor speed.
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(a) Response of step of active and reactive power.
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(b) Response of step of rotor currents in synchronous referential.

Fig. 9.Response of step tests for active and reactive power and
rotor currents with several speed operation.
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(a) Rotor currents.
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(b) Stator currents.
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Fig. 10.Stator and rotor currents and rotor speed.
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APPENDIX

A. Effect of parameters in the Rotor Voltage Calculation

Considering thatLl1 << LM andLl2 << LM , the�L2
and L1LM can be simplified as�L2 = L2 � L2ML1 = L1L2 � L2ML1 == (Ll1Ll2) + LM (Ll1 + Ll2) + L2M � L2MLl1 + LM �=�= LM (Ll1 + Ll2)LM = (Ll1 + Ll2)

and L1LM = LM + Ll1LM = 1 + Ll1LM
B. Doubly-fed induction generator parametersR1 = 0:02475 
; R2 = 0:0133 
; Lm = 0:01425 H ;Ll1 = 0:000284H ; Ll2 = 0:000284H H ; J = 2:6Kg �m2;PP = 2; PN = 149:2 kV A; VN = 575 V .
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