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COMMUNICATIONS

A TORQUE TRACKING CONTROL ALGORITHM
FOR DOUBLY–FED INDUCTION GENERATOR

Azeddine Chaiba — Rachid Abdessemed — Mohamed L. Bendaas
∗

In this paper a torque tracking control algorithm for doubly-fed induction generator (DFIG) is proposed. First, a
mathematical model of the doubly-fed induction generator written in an appropriate d -q reference frame is established
to investigate simulations. In order to control the rotor currents of DFIG, a torque tracking control law is synthesized
using PI controllers, while the stator side power factor is controlled at unity level. Results obtained in Matlab/Simulink
environment are presented illustrating good control system performance.
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1 INTRODUCTION

A doubly-fed induction generator is an electrical asyn-
chronous three-phase machine with open rotor windings
which can be fed by external voltages. The typical con-
nection scheme of this generator is reported in Fig. 1.
The stator windings are directly connected to the line
grid, while the rotor windings are controlled by means of
a PWM inverter [1]. This solution is very attractive for
all applications where limited speed variations around the
synchronous velocity are present since the power handled
by the converter at the rotor side will be a small frac-
tion (depending on the slip) of the overall system power.
In particular, for electric energy generation applications,
it is important to note that the asynchronous nature of
the DFIG allows to produce constant-frequency electric
power with a variable mechanical speed and to reduce
copper losses [2].

Different strategies were proposed in the literature to
solve the DFIG control problem. A vector controlled dou-
bly fed induction generator is an attractive solution for
high performance restricted speed-range electric drives
and energy generation application [1,2].

Fig. 1. The typical connection scheme of DFIG

In this paper, the torque tracking control strategy is
achieved by adjusting rotor the currents and using a sta-
tor voltage vector oriented reference frame. Simulation is

investigated with PI regulators under condition of unity
stator side power factor. Simulation results present a high
dynamic performance vector controlled doubly-fed induc-
tion generator.

2 MATHEMATICAL MODEL OF THE DFIG

The equivalent two-phase model of the symmetrical
DFIG represented in the stator voltage-vector oriented
frame (d-q ) is [3]:
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Θ̇ = ω , (6)

where: Vdr , Vqr , Vir , iqr , Ψds , Ψqs are rotor voltages,
rotor currents and stator fluxes, TL is the moving torque
generated by the primary mover, Um and ωs are stator
(line) voltage amplitude and angular frequency, Θ and ω
are angular position and rotor speed, ωr = ωs − ω is the
sleep angular frequency, p is the number of pole pairs.
Positive constants related to DFIG electrical parameters
are defined as:

αs = Rs/Ls ; γr = Lr

(
1 − M2/L2Lr

)
; β = M/(Lsσr) ;

µ = 3M/2Ls ; γr = Rr/σr +
(
RsM

2
)/

L2

sσr ,
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where: Rs , Rr , Is , Ir are the resistances and inductances
of the stator and rotor respectively, M is the mutual
inductance.

Fig. 2. Diagram control of power factor.

Fig. 3. Setting of vectors oriented and transformation angles.

3 VECTOR CONTROL

ALGORITHM FOR DFIG

Conditions of the stator flux field orientation and line
voltage orientation are equivalent if the stator side power
factor is controlled at unity level [4]. Under such a con-
dition the stator flux modulus is not a free output vari-
able but it is a function of the produced electromagnetic
torque. The reactive component of the stator current is
practically equal to zero as it is the given working condi-
tion of DFIG control algorithm. Figure 2 shows the dia-
gram control of the power factor. The setting of different
vectors and transformation angles is represented in Fig. 3.

Using this reference frame, the flux errors are defined
as

Ψ̃ds = Ψds , Ψ̃qs = Ψqs − Ψ∗, iqs = 0 .

where Ψ∗ is the flux level reference trajectory.

The complete equations of the vector control of the
doubly-fed induction machine are given by:
Stator flux vector controller:

i∗qr =
1

σsM

(
αsΨ

∗ + Ψ̇∗
)
, (7)

Ψ∗ =
−Um −

(
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∗

g

)

2ωs

. (8)

Torque controller:

i∗dr =
T ∗

g

µΨ∗

qs

. (9)

Rotor current controller:
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∗
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∗
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]
,
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−
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]
, (10)

ẋd = −kiĩdr , (11)

ẋq = −kiĩqr , (12)

ĩdr = idr − i∗dr , (13)

ĩqr = iqr − i∗qr , (14)

here i∗dr , i∗qr are rotor currents reference in (d-q ) refer-

ence frame, kp and ki are positive proportional and in-
tegral gains of rotor current controllers; Ψ∗ is the stator
flux reference, xd , xq are integral components of current
controllers.

Under such a condition, the stator side active and
reactive powers are given by

P = −

3

2
Umids , (15)

Q =
3

2
Umiqs , (16)

The study that we present consists in using a machine
where the rotor is supplied through a converter. This con-
verter is based on PWM control algorithm [8] operating
at 2 KHz switching frequency.

The proportional and integral gains of the rotor cur-
rent controllers have been set at kp = 500, ki = 62040.
All programs for controller implementation have been
written using Matlab/Simulink environment. The block
diagram of the proposed controller is shown in Fig. 4.

4 SIMULATION RESULTS

The results reported in Figs. 5 to 14 show the system
behaviour during torque tracking. The sequence of opera-
tion during this test is shown in Fig. 5. The DFIG, already
connected to the line grid, is required to track a trape-
zoidal torque reference which starts at t = 0.2 s from zero
initial value and reaches the rated value of −10 Nm.

Note that flux value required to track the torque tra-
jectory with unity power factor at the stator side is not
a constant. The rotor current ias is sinusoidal as shown
in Fig. 12. Waveforms of the rotor reference currents i∗dr

and i∗qr are shown in Fig. 6. The stator power follows

the current i∗qr as shown in Fig. 10. This results in unity

power factor on the grid as the stator reactive power
is zero. Rotor current errors are controlled at zero level.
The reactive component of the stator current iqs is al-
most equal to zero during all the time. As a result, the
stator phase current reported in Fig. 11 has a phase angle
opposite to the line voltage one and shows a low content
of high order harmonics.
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Fig. 4. Block diagram of the DFIG vector control

Fig. 5. Torque reference Fig. 6. Rotor reference currents Ird∗ and Irq∗

Fig. 7. Flux reference Fig. 8. Speed

Fig. 9. Rotor Currents responses Ird and Irq Fig. 10. Stator active power P and reactive power Q .
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Fig. 11. Stator currents responses Isd and Isq Fig. 12. Rotor phases currents

Fig. 13. Stator flux Φsd and Φsq Fig. 14. Stator voltage and current

5 CONCLUSION

In this paper, a torque tracking control algorithm
for doubly-fed induction generator has been proposed.
Torque tracking control strategy has been achieved by
adjusting the rotor currents and using a stator voltage
vector oriented reference frame. Simulations have been
investigated with PI regulators. Results show high perfor-
mance torque tracking under condition of a unity stator
side power factor.

Appendix

Rotor resistance Rr = 5.3 Ω
Rated current 5.2 A
Stator inductance Ls = 0.161 H
Rated voltage 220/380 V
Rotor inductance Lr = 0.161 H
Rated torque 15Nm
Mutual inductance M = 0.138 H
Rated speed 880 rev/min
Number of pole pair p = 3 ,
Stator resistance Rs = 4.7 Ω
Friction coefficient f = 0.45
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