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Abstract 

This paper proposes design and simulation of a direct 

torque controlled induction motor drive system based on 

space vector modulation technique for ripple reduction. 

Direct Torque Control is a control technique used in AC 

drive systems to obtain high performance torque control. 

The principle is based on simultaneously decoupling the 

stator flux and electromagnetic torque. DTC drives 

utilizing hysteresis comparators suffer from high torque 

ripple and variable switching frequency. The proposed 

SVM based DTC reduces torque ripples and preserve 

DTC transient merits such as fast torque response. The 

basis of the SVM-DTC methodology is the calculation of 

the required voltage space vector to compensate the flux 

and torque errors and its generation using the SVM at 

each sample period .The performance of this method is 

demonstrated by simulation using Matlab/Simulink 

software. Simulation results presented in this paper show 

the torque & flux linkage and stator current ripple 

decreases with the proposed SVM-DTC algorithm. 

Keywords: Direct Torque Control (DTC), Space 

vector modulation, Induction Motor. 
 

Introduction 
 

Induction Motors (IMs) are widely used in 

industrial, commercial and domestic applications as 

they are simple, rugged, low cost and easy to 

maintain. Since IMs demands well control 

performances: precise and quick torque and flux 

response, large torque at low speed, wide speed 

range, the drive control system is necessary for 

IMs. . An induction motor is sometimes called a 

rotating transformer because the stator is essentially 

the primary side of the transformer and the rotor is 

the secondary side. Unlike the normal transformer 

which changes the current by using time varying 

flux, induction motors use rotating magnetic fields 

to transform the voltage.   

 

In 1970s, field oriented control (FOC) scheme 

proved success for torque and speed control of 

induction motor. Decoupling of two components of 

stator currents (flux and torque producing 

components) is achieved as DC machines to 

provide independent torque control. The problem 

faced by FOC scheme is complexity in its 

implementation due to dependence of machine 

parameters, reference frame transformation. Later 

DTC was introduced. The method requires only the 

stator resistance to estimate the stator flux and 

torque. 

 

DTC, electromagnetic torque and flux are 

independently controlled by selection of optimum 

Inverter switching modes. The selection of 

optimum inverter switching modes is made to limit 

the electromagnetic torque and flux linkage errors 

within the torque and flux hysteresis bands. If a 

higher number of voltage vectors than those used in 

conventional DTC is used, the favourable motor 

control can be obtained. An another solution to 

minimize torque ripple is the space vector 

modulated DTC scheme. The objective of the 

DTC-SVM scheme, is to estimate a reference stator 

voltage vector V*and modulate it by SVM 

technique, in order to drive the power gates of the 

inverter with a constant switching frequency, so 

that in every sampling time, inverter can produce a 

voltage vector of any direction and magnitude.  

 

Principle of Direct Torque Control 
 

Overview of induction motor control methods: 

 

 

http://en.wikipedia.org/wiki/Stator
http://en.wikipedia.org/wiki/Transformer
http://en.wikipedia.org/wiki/Transformer
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Figure 1: Induction Motor Control Methods 

The main features of DTC are 

1. Direct control of flux and torque (by the 

selection of optimum inverter switching 

vectors)  

2. Indirect control of stator current and 

voltage.  

3. Approximately sinusoidal stator flux and 

stator currents.  

4. Possibility of reduced torque oscillations: 

torque oscillations depend on duration of 

zero-switching vectors.  

5. Inverter switching depends on widths of 

flux and torque hysteresis bands. 

Introduction Motor Control Schemes 

The synchronous speed of an induction motor can 

be changed by changing the number of poles or by 

varying the line frequencies. The operating slip can 

change by varying the line voltage or by varying 

the rotor slip energy recovery.  

 Pole Changing 

 Rotor Resistance Control 

 Rotor Energy Recovery 

 

Pole Changing 

The operating speeds of an induction motor can be 

changed by changing the number of poles of the 

machine. The stator winding can be designed so 

that by simple change in coils 2:1. Squirrel cage 

motors are invariably used in this scheme because 

the rotor can operate with any number of stator 

poles. 

Rotor Resistance Control  

Connecting external resistance in the rotor circuit 

through slip rings to dissipate the slip power can 

control the speed of a wound rotor induction motor. 

A high frequency thyristor chopper circuit allows 

the external rotor resistance to be varied statically 

and sleeplessly. 

Figure 2: Rotor Resistance Control 

 

Rotor Energy Recovery  

In rotor resistance control, if the slip power lost in 

the resistance could be returned to the AC source as 

shown in the Fig. 3, the overall efficiency of the 

drive system would be very much increased. Here 

the diode bridge rectifies the rotor power. A 

smoothing coil smoothes the rectified current out. 

The output of rectifier is then connected to the DC 

terminals of inverter, which inverts this DC power 

to AC power and feeds it back of the AC source.  

The schemes pertaining to the rotor side control can 

be used only for wound rotor induction motors. 
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Figure 3: Rotor Energy Recovery 

Scalar Frequency Control 

The synchronous speed of an induction motor can 

be controlled by varying the line frequency and at 

the same time to avoid high saturation in the 

magnetic system, the terminal voltage of the motor 

must be varied in proportion to the frequency and 

thereby the machine is operated at constant V/f 

ratio for most of the frequency range, except at low 

frequencies when v/f ratio is increased to 

compensate for the stator resistance drop. The V/f 

ratio is chosen equal to its value at the rated voltage 

and frequency.  

 

Figure 4: Scalar Frequency Control 

Vector Control 

It is also known as field oriented control, method 

where induction machine is controlled like 

separately excited DC machine, which has a 

decoupled control structure with independent 

control of flux and torque. This method essentially 

transforms the dynamic structure of the induction 

machine into that of a separately excited DC 

machine. In the induction motor, the space angle 

between rotating stator and rotor field varies with 

load, giving rise to complex interactions and 

oscillatory dynamic response. 

Direct Vector Control in Stator 

Reference Frames with Space-Vector 

Modulation 

This method uses feedback control of torque and 

stator flux, which are computed from the measured 

stator voltage and currents. As the method does not 

use a position or speed sensor to control the 

machine and uses its own electrical output currents 

and resulting terminal voltages, this is also referred 

as a direct self-control scheme. . The method uses a 

stator reference model of the induction motor for its 

implementation, thereby avoiding the trigonometric 

operations in the coordinate transformation of the 

synchronous reference frames. 

The implementation of the scheme 

requires flux linkages and torque computations, 

plus generation of switching states through a 

feedback control of the torque and flux directly 

without inner current loops. 

 

Figure 5: Torque Control and Flux Control 

The basic functional blocks used to implement the 

DTC scheme in an induction motor is shown in Fig. 

Three phase AC supply is given to the diode bridge 
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rectifier which produces a DC voltage. A high 

value dc link capacitor is used to reduce the ripple 

content in the DC voltage. The filtered DC is the 

power supply to the inverter switches. The IGBT 

inverter switches are controlled by the direct torque 

control algorithm. The output of the inverter is 

connected to the stator terminals of induction 

motor. 

System Modelling and Results  

The system describe here a combination block 

which make the direct torque control of induction 

motor possible. For modelling on the scheme, a 

mathematical description the encompasses the 

relevant dynamic characteristics of the components, 

characterized by differential equations in terms of 

machine and performance parameters, representing 

the governing relations between the various 

constituents of the system is prepared taking into 

consideration some assumptions for simplification 

of analysis and subsequent programming on the 

application software platform. 

The main parts of the direct torque control of 

induction motor are induction motor, voltage 

source inverter (VSI) and the functional blocks like 

adaptive motor model, hysteresis controller and 

optimum pulse selector.  

Modelling of Induction Motor  

The machine is linear i.e. saturation in the magnetic 

circuit is disregarded.  

The air gap of the machine is uniform and the 

electromagnetic field is sinusoidal distributed i.e. 

the effect of space harmonic and their effect on 

torque and induced voltages is neglected. 

Parameter of the machine remain constant  

The damping coefficient associated with the 

mechanical rotational system of the machine and 

mechanical load is neglected.  

Induction motor can be represented by the 

following equations in the arbitrary reference 

frame, which is rotated at a speed of w in the 

direction of rotation.  

Vqs  =  RsIqs + ωλds + pλqs                     (1) 

Vds  =  RsIds – ωλqs + pλds                      (2) 

 Vos  =  RsIqs + pλos                      (3) 

Vqr  =  RrIqr + (ω – ωr)λdr + pλqr                  (4) 

Vdr  =  RrIqr + (ω – ωr)λqr + pλdr                  (5) 

Vor  =  RrIor + pλor          (6) 

Also,   

     =  (Lis  +  Lm)Iqs  +  LmIqr                   (7) 

     =  (Lis  +  Lm)Ids  +  LmIdr                   (8) 

     =  LisIos                      (9) 

     =  LmIqs + (Lir  +  Lm)Iqr               (10) 

     =  LmIds + (Lir  +  Lm)Idr                 (11) 

     = ∫ (Vds – RsIds)dt                         (12) 

     = ∫ (Vqs – RsIqs)dt                         (13) 

For a balance three phase system, the 0 terms are 

zero and for a squirrel cage induction motor. Vqr = 

Vdr = 0. Also, as the motor is simulated on 

stationary reference frame  is equal to zero 

On simplifications the above equations becomes,  

    = Iqs 
    

        
  + λdr 

    

        
 ..   (14)  

    = Ids 
    

        
  – λqr 

    

        
   (15) 

And 

Ids = Vds 
 

         
  +  

λ  

  
             

     (16) 

Iqs = Vqs 
 

         
  -  

λ  

  
             

    (17) 

Where, 

Ls = Lis + Lm, Lr = Lir + Lm, and 

Lsm = Lm + Lis -  
  

   
  

With the help of the above equations the parameter 

block is modelled. For electromagnetic torque and 

actual speed calculation block the following 

equation are used.  
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Tem = 1.5 
 

 
  

  

  
  λ       λ       

            (18) 

Tem - Tload = J 
   

  
          (19)  

Parks transformation and Dynamic d-q Modelling  

The dynamic d-q modelling is used for the study of 

motor during transient and steady state. It is done 

by converting the three phase voltages and currents 

to dqo variables by using Parks transformation. 

Converting the phase voltages variables Vabc to Vdq0 

variables in rotor reference frame the following 

equations are obtained. 

 

 

  
  

  

  = 

2/3

 

                             

                             
         

  

  
  

  

 

                                           (20) 

 

To convert Vdqo toVabc 

 

 

  
  

  

  

 2/3 

           
                         
                         

  

  
  

  

  

 

 

 

 

 

 

 

Validation of Programming Result: 

Validation of Dynamic Modelling 

Result: 

 

Figure 6: Graph between Stator Flux Linkages 

and Time. 

Figure 7: Plot between Normalised Torque and 

Time 
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Figure 8: Plot between Speed and Time 

 

Figure 9: Plot between q-axis Stator Current 

and Time 

 

 

 

 

 

 

 

Appendix A 

Motor Specifications  

Power rating   5 Hp 

Max. Voltage   200volt 

Frequency   60Hz 

Stator resistance   0.183Ohm 

Rotor resistance   0.277Ohm 

Mutual inductance  0.0538H 

Stator self-inductance  0.0.0553 H 

Rotor self inductance  0.05606H 

Number of poles   4 

Moment of inertia  0.01667 kg-m^2 
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