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ABSTRACT - direct torque control (DTC) is one of the most 
effective methods for controlling the induction motor. In direct 
torque control, motor flux and torque are considered as reference 
quantities, and are controlled by optimal selection of inverter 
switching vectors. Using the direct torque control method, you can 
reduce the field oriented control (FOC) constraints and 
complexities. The direct torque control has a very fast torque 
response and is resistant to sudden load variations. 

The simulation results obtained for the two types of control 

(the DTC-classic and the DTC-SVPWM) show a considerable 

reduction in  ripples on the torque and flux responses for the 

DTC-SVPWM control, for a two-level inverter, on  front of  

classic DTC-SVM control; which reduces the ripples on the 

torque and consequently a marked improvement in the quality of 

the current. 
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1. INTRODUCTION 

Most industrial processes make extensive use of motors for the 
drive. However foremost, these motors must respond effectively to 
variations in set points (speed, position, torque). The direct current 
motor responds very well to these requirements. This is explained by 
the natural decoupling between the flow and the torque [4]. 

due to the disadvantages of DC motors(such as High initial cost, 
Increased operation and maintenance cost due to the presence 
of commutator and brush gear, it Can’t operate in explosive 
and hazard conditions due to sparking occur at brush (risk in 
commutation failure) 

Moreover, new technology of modern semiconductor 
devices, in particular insulated gate bipolar transistor (IGBT) 
and digital signal processor (DSP), DC motors are 
progressively replaced by AC motors [5]. 

In the mid-1980s, a new strategist for torque induction motors was 
presented by I. Takahashi and T. Noguchi as direct torque control 
(DTC). 

DTC is a control technique exploiting the possibility of imposing 
torque and flux on AC machines in a decoupled manner [1] [2] [3], In 
this paper the DTC-SVM and DTC SVPWM diagrams are proposed 
for induction motor drive. The DTC -SVPWM scheme gives good 
dynamic control of flux and torque.DTC is a control technique 
exploiting the possibility of imposing torque and flux on AC machines 
in a decoupled manner [1] [2] [3], In this paper the DTC-SVM and 
DTC SVPWM diagrams are proposed for induction motor drive. The 
DTC -SVPWM scheme gives good dynamic control of flux and 
torque. 

2. SIMULATION 

2.1. CLASSICAL DIRECT TORQUE CONTROL 

The basic idea of DTC is to achieve efficient control, as 
well in steady state than in transient state through the 
combination of different switching strategies. The appropriate 
selection of the voltage vector,at each sampling period, is made 
to keep the torque and the flux within the limits of the two 
hysteresis bands. 

2.1.1. Stator Flux Vector Estimators: 

    The Flux can be estimated from measurements of stator 
current and machine voltage.The stator flux in the stationary 
coordinates system (fixed to the stator) is given by the 
following equation [8]: 

 

                 
 

 
                           (1) 

 

We obtain the components α, β of the vector   : 
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We write the stator flux modulus as follows: 

 

   s =                                              (5) 

 

2.1.2. Torque Estimation: 
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The induction motor output torque can be expressed as a 
function of the stator flux and the rotor flux spatial vectors as 
follows [6]: 

 

Te=
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2.1.3. The flux corrector: 
The output of the corrector represented by a Boolean 

variable Cflx directly indicates the amplitude of the flux, which 
must be increased (Cflx = 1) or decreased (Cflx = 0) so that 
maintain the equation [7]: 
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2.1.4. Electromagnetic torque corrector: 
Three levels comparators:   

the torque regulation can be realized using three-leve 
hysteresis comparator In order to control the motor in the two 

directions of rotation,it output also represented by a Boolean 
variable ,the torque amplitude must be increased in absolute value 
when ccpl=1, and the motor rotate in the  positive order ,when  

Ccpl=-1, the motor rotate in the negative order, or decrease when 
Ccpl=0[11]. 

The command table is built according to the state of the 
variables cfx, ccpl 

Tableau 1.DTC commutation table [12] 

Ni 1 2 3 4 5 6 

 

CFLX =1 

Ccpl=1 V2 V3 V4 V5 V6 V1 

Ccpl=0 V7 V0 V7 V0 V7 V0 

Ccpl=-1 V6 V1 V2 V3 V4 V5 

 

Δ  =0 

Ccpl=1=

1 

V3 V4 V5 V6 V1 V2 

Ccpl=0 V0 V7 V0 V7 V0 V7 

Ccpl=-1 V5 V6 V1 V2 V3 V4 

 

The classic DTC scheme for an induction motor powered by 

VSI has been developed as shown in Fig. 1 

 
Fig.1. Classical DTC scheme implementation [10] 

2.2. DTC-SVPWM command 
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Fig.2. DTFC-SVPWM of an induction generator. 

In this arrangement, there are two integral proportional type 

(PI) controllers, which regulate the torque and the modulus of 

the stator flux instead of the hysteresis band [9]. SVPWM 

technique uses full DC bus voltage hence, its output are more 

sinusoidal with lower harmonic distortion. 

In addition, this technique provides variable output voltage so 

that required voltage for motor can obtained easily. It is a one 

of the best PWM method for variable frequency drive 

application. 

For a three-phase VSI (Voltage Source Inverter) and at two 

levels, there are eight possible voltage vectors [13], which can 

be represented in space, as shown in Figure (3). 
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Fig. 3. Representation of the voltage vectors in the coordinate 

system (α, β). 

The following algorithm determines the sectors: 

Angle Position of Vsref in 
sector 

0
o
 ≤ δ < 60

o
 sector I 

60
o
 ≤ δ < 120

o
 sector II 

120
o
 ≤ δ < 180

o
 sector III 

180
o
 ≤ δ < 240

o
 sector IV 

240
o
 ≤ δ < 300

o
 sector V 

300
o
 ≤ δ < 360

o
 sector VI 

The voltage vectors V0 and V7 are known as zero voltage 
vectors and the remaining voltage vectors V1 to vectors V6 are 
known as active voltage vectors. 



 

The principle of the SVPWM method is that the control 

voltage vector is approximately calculated using three adjacent 

vectors. Assuming that the voltages of the three-phase inverter 

are balanced, we have: 

 

                                                     (8) 

                                                                     

Where va (t), vb (t), and vc (t) are the instantaneous 
voltages of the three phases abc of the load. The transformation 
of the three phases abc to a two-phase system (α, β) is given 
by: 
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A space vector can be generally expressed in terms of two-
phase armature voltages (α, β) by: 

 

                                                         (10) 

                               

The reference voltage Vsref and the angle δ are obtained by: 
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Substituting (9) in (10), we have: 
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Each of the six active vectors can be derived 
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For a given reference voltage, Vsref makes an angle δ 

concerning V1 in sector I. Vector PWM consists in projecting 

the desired stator reference voltage vector Vsref onto the two 

corresponding adjacent voltage vectors V1 and V2. If we note 

by T1 and T2 the two application times of these vectors, T0 the 

application time of the zero vectors, their sum must be less 

than the switching period Ts of the inverter. The times T1 T2 

and T0 of the reference voltage vectors Vsref are calculated by 

the following relations: 
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Where the Mi is the modulation index and defined by Mi = 
π*Vsref / 2Vdc. 

The SVPWM method can be implemented by the following 
steps: 

 Determine Vα, Vß by the system of equation (9), and 

therefore Vsref, and the angle δ by the system of 

equations (11). 

 Determine the application times of the states of the 

inverter by the system of equations (14). 

 Determine the pulse sequences for each arm of the 

inverter. 

2.2.1. Speed regulator: 

The speed controller makes it possible to determine the 
reference electromagnetic torque, in order to maintain the 
corresponding speed. The speed can be controlled by means of 
a PI regulator whose parameters can be calculated according to 
Figure (4). 

 

Fig. 4. Diagram of speed regulation 

With: 

KpΩ: proportional gain of the PI regulator for the speed 
loop. 

KiΩ: integral gain of the PI regulator for the speed loop. 

The transfer function of the mechanical speed of the 
asynchronous generator is given by: 
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Where: 
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Where GΩ and pΩ are respectively the static gain and the 
pole of the transfer function of the mechanical speed of the 
induction motor. s is the operator of LAPLACE. 
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The closed loop transfer function is given by: 
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Fig. 5. Principle of the pole placement method. 

The regulator coefficients are obtained by the pole 
placement method. We chose two conjugate complex poles, to 
simplify the calculations, and we imposed a damping 
coefficient ξ so that the real part and the imaginary part are 
equal as shown in Figure (5). 

From Figure (5) we can write the two desired poles as follows: 

 

                             (17) 

Where: 

σc: The real part of the pole to be placed. 

ωn: The non-damped pulsation. 

The calculation of σc and ωn is based on the improvement 
in the closed-loop response time, three times over the open-
loop time. The closed loop time constant is given by : 
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With: 

τBF: The closed loop time constant. 

τBO: The open loop time constant. 

The closed loop response time is given by: 
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So we can calculate σc and ωn by: 

 

                                                                               (20) 

 

Finally, the desired polynomial can be described as follows: 

 

                                              (21) 

 

By identifying the denominator of the transfer function of 
equation (16) with the desired polynomial Pd, we find: 
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2.2.2. Flux Controller Design 

The block diagram of the flux control loop is shown in 

Fig.4.10. 

 

Fig. 6. Stator flux magnitude control loops 

The optimal  value of proportional gain is: 

Flux controller proportional gain, Kpf=200 

Integral gain of the flux controller, Kif=1200 

 

2.2.3. Torque Controller Design 
The block diagram of the torque control loop is shown in 

Fig. 7. 

 

Fig. 7. Block diagram of the torque control loops[5] 

The optimal  value of proportional gain is: 

Torque controller proportional gain, Kpt=2. 
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Integral gain of the torque controller, Kit=150 

Tableau 2.Parameters of the induction motor. 

IM 

Nominal power,Pg,n [kW] 2
 

Nominal frequency,fg,n [Hz] 50 

Stator resistance,Rs [] 4.85 

Stator leakage inductance,Lls [H] 0.016 

Rotor resistance, Rr [] 3.805 

Rotor leakage inductance, Llr [H] 0.016 

Cyclical mutual inductance, Lm [H] 0.258 

Inertia, J [kg.m
-2

] 0.031 

Viscous friction coefficient, f  
[N.m.sec.rad

-1
] 

  0.00114 

Number of pole pairs, p 2 

 

Tableau 3.Parameters of the classic DTC command & 
DTC-SVPWM 

DTC control block 

Proportional gain of the speed controller,Kp  1
 

Integral gain of speed controller, Ki 15.872 

Torque controller proportional gain, Kpt 2 

Integral gain of the torque controller, Kit 150 

Flux controller proportional gain, Kpf 200 

Integral gain of the flux controller, Kif 1200 

SVM switching frequency [Hz] 2000 

Flux hysteresis band, Δø 0.01Wb 

Torque hysteresis band, ΔCem 0.5 N.m
 

 

3. RESULTS AND DISCUSSION: 

    Figure (6) shows the simulation result of the 
electromagnetic torque for a 10Nm set point step at time t = 
0.75sec. The width of the hysteresis band of the torque 
comparator is in this case fixed at ± 0.5 and that of the flux at ± 
0.01. Through this simulation, we see that the torque perfectly 
follows the set point value and remains in the hysteresis band 
for DTC-classic control. However, ripples have appeared on 
the torque response time. For the DTC-SVPWM control there 
is a clear improvement in the quality of the torque. We also 
observe, in the same figure, the speed response to a step of (500 
RPM for t from 0 to 2 s and 1000 RPM with t = 2 to 3 s) which 

shows that the DTFC-SVPWM command has a high dynamic 
performance without overshoot at start-up. 

 

(a) classical-DTC 

 

 

(b) DTFC-SVPWM 

Fig.8. Response of the motor rotation speed as well as the 
electromagnetic torque 

Figure (7) shows the circular stator flux path respectively 
for the classic DTC control, DTFC-SVPWM applied to a two-
level inverter. The stator flux modulus reaches the value of 
0.8Wb. Plotting the flux φsα of the direct axis α against the 
flow φsβ of the quadratic axis β takes the form of a circle. 
However, poor quality for DTC-classic compared to DTFC-
SVPWM command 



 

 

 

(a) classical-DTC 

   

 

(b) DTFC-SVPWM 

Fig.9. stator flux 

4. CONCLUSIONS 

This paper presented a Comparative study between 
SVPWM-DTC and Classical DTC applied to Induction Motor. 
for the classic DTC command, we observe a strong ripple on 
the torque with a deformed flux because the switching 
frequency of the inverter is not fixed while the implementation 

of a command 'Direct Torque Control (DTC)' associated with a 
'Space Vector Pulse Width Modulation (SVPWM)' effectively 
provides a fixed switching frequency which limits the range of 
the disturbance spectrum. So a good performance has been 
obtained by the DTFC-SVPWM. 
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