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APPLICATION OF DTC METHOD FOR THE CONTROL OF 
DOUBLE-FED INDUCTION MACHINE

Summary. The application of the slip-ring induction motors working as double-fed 
machines is recommended when the speed control is confined to a small range around 
synchronism. They can be applied in drive systems as well as in energy generation 
systems, for example in wind power plants or in pumped-storage power plants. The paper 
deals with the possibilities o f application o f the Direct Torque Control (DTC) method for 
double-fed machine. By choice o f the proper voltage vector of PWM converter this 
method allows controlling the motor torque and the reactive power in the stator circuit. 
Principles o f direct torque control o f double-fed machine and results o f the simulation 
tests o f the drive controlled according to presented method are presented in the paper.

ZASTOSOWANIE METODY DTC DO STEROWANIA MASZYNY 
INDUKCYJNEJ DWUSTRONNIE ZASILANEJ

Streszczenie. Zastosowanie maszyny indukcyjnej pierścieniowej dwustronnie zasilanej 
jest uzasadnione, gdy regulacja prędkości odbywa się w niewielkim zakresie wokół 
prędkości synchronicznej. Maszyna ta może pracować zarówno w układach napędowych, 
jak i generatorowych, np. w elektrowniach wiatrowych [4] lub szczytowo-pompowych 
[2], W artykule została przedstawiona możliwość zastosowania metody Bezpośredniego 
Sterowania Momentem (DTC) do sterowania maszyny dwustronnie zasilanej. Poprzez 
użycie odpowiedniego wektora napięcia na wyjściu falownika MSI metoda DTC 
umożliwia niezależne sterowanie momentu maszyny oraz mocy biernej w obwodzie 
stojana. W artykule przedstawiono zasady sterowania metodą DTC oraz wyniki symulacji 
układu z maszyną indukcyjną dwustronnie zasilaną.

1. INTRODUCTION

Significant number of variable speed electrical machines is supplied with power 
electronics converters. Usually they are applied in drive systems but often power electronics 
converters are used in variable speed generators e.g. in water-power plants, especially in 
pumped-storage power stations. In this case application of variable speed system with variable 
value of produced power makes possible operation of water turbine with maximum efficiency 
for specific load.
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In both drive and generator systems the control o f the AC machine can be done in two 
ways:

• machine is supplied with converter on the stator side - the converter has to be able to 
transmit the whole power o f the machine,

• machine is supplied with converter on the rotor side and the stator is connected to 
the grid - the converter transmits only the slip power.

In the case, when the range o f speed control (and the maximum o f the slip) is small, 
application o f  the second method is justified.

Drive systems with double-fed wound-rotor motor have been known for 100 years. The 
most frequently used system is constant torque asynchronous cascade. Because o f use o f diode 
rectifier in the rotor circuit, this system makes possible only one direction o f the power flow 
from the rotor o f the machine to the grid. That's why the machine can only work as a motor 
with subsynchronous speed and as a brake (generator) with supersynchronous speed. Use of 
PWM voltage inverters instead o f rectifiers makes possible bidirectional flow of the power in 
rotor circuit and four-quadrant operation o f the machine in slip-torque co-ordinate system. It is 
also a possibility to control o f reactive power drawn from the grid. In recent years there have 
been a lot o f  publications concerning control systems o f double-fed induction machine with 
voltage inverter connected to rotor circuit. Usually in these systems the Field Oriented Control 
method is used.

Present paper concerns application o f Direct Torque Control (DTC) method for the 
control o f double-fed induction machine. This control method for squirrel-cage machine has 
been known for 20 years and makes possible fast control o f torque and flux of asynchronous 
machine.

2. DIRECT TORQUE AND FLUX CONTROL OF DOUBLE-FED INDUCTION MOTOR

Asynchronous machine equations in the rotor oriented frame of references (in relative 
quantities):

d y
—s ~ rs ls  + TN ^  + j^ ¥ _ s , (1)

diy
i r - rr i r +TN ^  > (2)

Y_s ~ h l s  i  tr ’ (3)

V_r = lM ls + lr ir  > (4)

(5)
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2.1. Control o f the electromagnetic torque

From (3) and (4) we obtain:

-S (6)
where:

(7)

From (6) and (5) we obtain motor torque v.

(8)

In double-fed machine the stator flux is mainly dependent on the stator voltage and we 
may assume that its amplitude and angular speed are constant.

The rotor flux v|iT o f  the double-fed machine can be adjusted by rotor voltage. In the rotor 
oriented frame o f references from the rotor voltage equation (2), for r=0, we obtain:

Supplying the rotor o f the machine with the voltage inverter, we can apply one of the six 
active and two zero vectors. Using one of the active voltage vectors affect on the amplitude and 
position o f the rotor flux vector. By changing the angle between fluxes we can control the 
torque o f the machine.

2.2. Control of the reactive power

An advantage of the double-fed machine is opportunity to control of the reactive power in 
the stator circuit. The reactive power can be expressed as below:

(10)

We can express stator voltage based on (1) and (6):

( 11)

From (6), (10) and (11) after transformation we obtain the equation, which determines 
effect o f the rotor flux amplitude y r on the reactive power q of the stator circuit:
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So taking into consideration equations 1-12 and applying similar principles as in classical 
DTC method for the control o f the rotor PWM inverter in double-fed machine, we obtain by 
choose o f the proper voltage vector o f rotor PWM inverter:
• control o f the motor torque by affect on the angle between vectors o f stator and 

rotor fluxes,
• control o f the stator reactive power by affect on the rotor flux amplitude.

3. CONTROL STRATEGY

Block diagram o f the control system is depicted in fig. 1. Wound-rotor induction machine 
is connected to the grid on the stator side and supplied with voltage inverter on the rotor side. 
Motor inverter control system is based on DTC. It consists o f the following elements:
• estimation block,
• sector detection block,
• two-level flux comparator,
• three-level torque comparator,
• switching table.

Fig. 1. DTC-based control system of double-fed induction machine
Rys. 1. Układ sterowania maszyny dwustronnie zasilanej oparty na metodzie DTC

In DTC method it is necessary to estimate the rotor flux and the torque of the machine. 
The control o f the motor PWM inverter is carried on in the frames o f references tied to the 
rotor, so the rotor flux should be estimated in this frame of references. It can be realized
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applying the method presented in [8], Estimated values of the rotor flux and motor torque are 
compared with reference ones v|/ref and Tref using hysteresis comparators. Based on output 
signals o f  comparators dr, dvp and number o f sector, which the rotor flux vector is situated in, 
the appropriate voltage vector is chosen from switching table 1 in order to keep the flux and 
torque within the limits o f two hysteresis bands.

Reference values o f torque and rotor flux are output signals of speed and reactive power 
PI controllers, respectively. In the case of generator systems the controller o f active power is 
applied instead o f speed controller.

Table 1

Switching table

dt dy Voltage vector

-1
0 Ün+2
1 Hn+i

0
0

Zero vector
1

1
0 UN-2
1 Hn-i

4. SIMULATION TESTS

Simulations were carried out in MATLAB-SIMULINK. The whole control system of 
double-fed induction motor was prepared as digital system with discretization time of 10 ps.

4.1. Step change of load torque
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Fig. 2. Electromagnetic torque for step change of Fig. 3. Stator voltage and current for step change
load torque of load torque

Rys.2. Moment elektromagnetyczny dla skokowej Rys.3. Napięcie i prąd stojana dla skokowej
zmiany momentu obciążenia zmiany momentu obciążenia
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Fig. 4. Reactive power for step change of load Fig. 5. Rotor flux amplitude for step change of
torque load torque

Rys.4. Moc bierna dla skokowej zmiany momentu Rys.5. Amplituda strumienia wirnika dla
obciążenia skokowej zmiany momentu obciążenia

The transient responses due to a step change o f load from tn to 0,5tn are depicted in 
fig. 2-5. Speed o f the machine is kept to 0,5coN. The reference value o f Tref is an output signal 
o f speed controller (fig. 2). The reference value o f  reactive power qref is set at 0 (fig. 4) so 
motor works with unity power factor (fig. 3). The amplitude o f the rotor flux is changed by 
control system to maintain zero value o f reactive power (fig. 5).

4.2. Step change of the reference value of reactive power

Fig. 6. Reactive power for step change of the Fig. 7. Rotor flux amplitude for step change of 
reference value of reactive power the reference value of reactive power

Rys.6. Moc bierna dla skokowej zmiany mocy Rys.7. Amplituda strumienia wirnika dla
biernej zadanej skokowej zmiany mocy biernej zadanej

The transient responses due to a step change o f  reference value of reactive power from 0 
to 0,5qN and constant value o f load (t =tn) are depicted in fig. 6-9. Speed of the machine is 
kept to 0,5con . The reference value o f rotor flux amplitude \pref is an output signal o f reactive 
power controller (fig. 7) and it changes due to change o f reactive power. Before step change of
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reactive power motor works with unity power factor (fig. 9) and after that the power factor 
changes. There is no affect o f these quantities on electromagnetic torque (fig. 8).

Tc [N-m]

Fig. 8. Electromagnetic torque for step change of 
the reference value of reactive power 

Rys.8. Moment elektromagnetyczny dla skokowej 
zmiany mocy biernej zadanej

Fig. 9. Stator voltage and current for step change 
Rys.9. Napięcie i prąd stojana dla skokowej 

zmiany mocy biernej zadanej

4.3. Step change of the reference value of the speed

The transient responses due to a step change of reference value of speed (fig. 10) from 
0,7con to l,3coN and constant value of load (x = tN) are depicted in fig. 10-11. The reference 
value o f reactive power qref is set at 0. There is no affect o f change o f speed on reactive power 
in stator circuit (fig. 11).

t [s]
Fig. 10. Speed of the machine for step change of 

the reference value of speed 
Rys.10. Prędkość maszyny dla skokowej zmiany 

prędkości zadanej

Fig. 11. Reactive power for step change of the 
reference value of speed 

Rys. 11. Moc bierna dla skokowej zmiany 
prędkości zadanej

5. CONCLUSIONS

In DTC-based system with double-fed induction machine it is possible to independently 
control o f torque of the machine and reactive power drawn from the grid. The motor can work 
with zero reactive power in stator circuit (the reactive power is delivered to the rotor circuit).
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DTC method offers excellent dynamic properties, which is limited by the PI controller’s 
characteristics. Another advantage o f DTC is its simplicity and easy microprocessor realization 
because o f  low computation time. In the system with double-fed induction machine this time 
increases a little because the co-ordinate transformation to rotor reference frame is needed.

Presented simulation tests are the first step to realization o f the laboratory system with 
double fed induction machine controlled according to DTC method.
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