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Double Flux Orientation Control for a Doubly
Fed Induction Machine
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Abstract—Doubly fed induction machines DFIM are used
mainly for wind energy conversion in MW power plants. This paper
presents a new strategy of field oriented control ,it is based on the
principle of a double flux orientation of stator and rotor at the same
time. Therefore, the orthogonality created between the two oriented
fluxes, which must be strictly observed, leads to generate a linear and
decoupled control with an optimal torque. The obtained simulation
results show the feasibility and the effectiveness of the suggested
method.
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I. INTRODUCTION

N order to meet power needs, taking into account

economical and environmental factors, wind energy

conversion is gradually gaining interest as a suitable source
of renewable energy. The electromagnetic conversion is
usually achieved by induction machines or synchronous and
permanent magnet generators. Squirrel cage induction
generators are widely used because of their lower cost,
reliability, construction and simplicity of maintenance [1]. But
when it is directly connected to a power network, which
imposes the frequency, the speed must be set to a constant
value by a mechanical device on the wind turbine. Then, for a
high value of wind speed, the totality of the theoretical power
can not be extracted. To overcome this problem, a converter,
which must be dimensioned for the totality of the power
exchanged, can be placed between the stator and the network.
In order to enable variable speed operations with a lower rated
power converter . The DFIM has some distinct advantages
compared to the conventional squirrel-cage machine. The
DFIM can be controlled from the stator or rotor by various
possible combinations. The disadvantage of two used
converters for stator and rotor supplying can be compensated
by the best control performances of the powered systems [2].
Indeed, the input-commands are done by means of four
precise degrees of control freedom relatively to the squirrel
cage induction machine where its control appears quite
simpler. The flux orientation strategy can transform the non
linear and coupled DFIM-mathematical model to a linear
model leading to one attractive solution as well as under
generating or motoring operations [3-4].

Because both stator and rotor currents in doubly fed induction

machine are measurable, flux vectors can be calculated easily.
We present in this paper a field orientation control for both
stator and rotor fluxes It results that the stator flux oriented in
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g-axis becomes the active power input command from which
the developed torque will be controlled, while the rotor flux
assumes the reactive power input command acting the
magnetizing machine system.

Il. DESCRIPTION AND MODELLING OF DFIM

The proposed system is shown on figure 1, it is constituted by
two pulse width modulation inverters supplying separately the
stator and the rotor of the machine [5].
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Fig. 1 DFIM supplied by two PWM inverters

We choose three levels PWM for both stator and rotor
inverters, it is constitute of three arms, every one has four
switches formed by a transistor and a diode as shown in fig. 2.
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Fig. 2 General diagram of a three level PWM inverter.
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The simple voltages are obtained starting from the following
conditions:
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If (V it =V ) and (V r> 0)
=>V=+E/2

If(Vier=Vp)and (V < 0)
:>VK:—E/2

varéf:Vp =>Vg=0

wds=Lslds=MIdr
wqs=Lslgs+MIqr
wdr=Lrldr+MIds

wqr=Lrlgr+MlIgs

With Mechanic equation is given by:
V «: reference voltage standard,; 4o
V ,: carrying; Cem:CrJrJWJer
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Fig. 3 Carrying voltage, simple voltage and phase voltage.

Stator and rotor voltages of the machine after Park

transformation are given by [6]:

dbs

VdS=RS]dS+il,VdS RLA

dt

d dbs

Vgs=Rslgs+-=- & wgs+-2= gt wds

dor

Vdr=Rrldr+9-
dt

Var= erqr+di

pdr == ~yqr

dor

wqr+=-- it wdr

Stator and rotor fluxes are given by:
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Fig. 4 Speed, stator current and rotor current during starting up of the
machine.
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Il. DOUBLE FLUX ORIENTATION STRATEGY
This strategy consists to turn rotor flux towards d-axis, and

stator flux towards g-axis. Conventionally, the d-axis remains

reserved to magnetizing axis and q -axis to torque axis.

wsq = s,
yrd = yr,
wsd =yrqg=0.

Then the developed torque can be written like this
Cem = Dcysyr , De=pM/cLsLr

Vectoriel diagrams before and after flux orientation are shown
as follows [7]
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Fig .6 DFIM vectorial diagram after orientation
1. RESULTS ANALYSIS

Fig. 3 shows the carrying voltage, simple voltage and phase
voltage of the three levels inverters used. Figure 4 presents
speed, stator current and rotor current in the starting up of the
machine ,until 0.8s the machine starts with rotor in short
circuit, after the rotor is fed by the inverter. In figure 5 we can
see speed, electromagnetic torque and stator and rotor fluxes
after flux orientation. It can be said that this strategy in
addition of its simplicity, shows good results.
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Fig .5 Speed, electromagnetic torque and stator and rotor fluxes

IV. CONCLUSION

We present in this paper a simulation of a doubly fed
induction machine fed with two pulse width modulation
inverters , based on d-q modeling. Access to the stator and
rotor windings is one of the advantages of the wound rotor
induction machine compared to the conventional squirrel-cage
machine, consequently the doubly fed induction machine offer
the several possible combinations for its control. A double
flux orientation was presented , Since the fluxes are used like
control variables, the machine fluxes must be maintained at
acceptable level especially during the transient regimes. This
strategy of control permits to give an optimal developed
torque.
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