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Abstract— In the industrial world, variable speed drive has 

always been great importance for precise and continuous 

control of speed with highly stable and very good transient 

performance. Direct Torque Control method for the 

Induction motor control one of the better control method in 

which the torque is directly control by changing the stator 

voltage and that‟s why it is known as Direct Torque Control 

(DTC).The induction motor is supplied by six step voltage 

source inverter (VSI) by using direct torque control (DTC) 

technique. The Direct Torque Control (DTC) method for the 

drive control is become popular due to some of its 

advantages like it doesn‟t required any kind of sensors, good 

dynamic performance, give better torque and flux control 

etc. The proposed paper is described the induction motor 

control with the help of matlab simulation. 

Keywords: Direct Torque Control (DTC), Direct Self 

Control (DSC) 

I. INTRODUCTION 

There are several control techniques use for controlling the 

induction motor (IM). V/f control technique gives simple 

mechanism but variation in control parameter is about 10% 

of the reference value. Direct torque control (DTC) is an 

emerging technique for controlling the pulse width 

modulation (PWM) inverted induction motor which allows 

precise and quick control of torque & flux without any 

complex algorithm [1-6] [8]. DTC was firstly introduced by 

Takahashi in 1986 and also by Depenbrock in 1987 for 

voltage-fed PWM inverter devices [1]. The other vector 

technique of motor control is Field Oriented Control (FOC) 

[7].Field Oriented Control (FOC) operation gives Induction 

Motor operation in a reference frame synchronously rotating 

with one motor fluxes .FOC shows that rotor flux and torque 

of motor depend on the d,q components of the stator current 

in a decoupled way. That means torque and flux both can 

control independently.FOC control sensitive to variation 

rotor torque they cause misalignment between the axis 

utilized by the control and rotor flux space vector [7]. It is 

also very complex. However DTC concept is simpler in 

comparison of DTC. DTC concept is based on the control of 

stator flux &torque [1-6]. 

II. THEORY OF DTC 

A. Block Diagram of DTC: 

DTC method also known as direct torque and flux control 

method (DTFC) or direct self-control method (DSC), which 

is introduce for voltage fed inverter drives. By using this 

method, get nearly comparable performance with vector 

controlled drives method. DTC method can provide fast 

instantaneous torque control of induction motor with simple 

control structure. So, that using vector DTC method 

increases its control sensitivity. Maintaining the Integrity of 

the Specifications. 

 
Fig. 1: DTC Block Diagram 

As shown in above figure 1 the reference stator 

flux (Ψ*s) and reference torque (T*em) magnitudes are 

compared with the respective estimated values by their 

respective comparators, and the errors are further processed 

through their respective hysteresis controllers. The selection 

of the switching voltage vector in order to maintain, flux and 

torque between lower and upper limits of their respective 

limits. So, that restricting the flux and torque band limits 

within flux and torque hysteresis band limits respectively 

using optimum selection being made. In DTC method, 

switching frequency is mainly affected by the width of 

hysteresis band of the flux and torque comparators. 

The flux loop hysteresis controller has two levels of digital 

output, which have the following relations:  

  = 1 for   > +H   

  = -1 for     +H   

; Where 2H   = Total hysteresis band width of the flux 

controller. 

 
Fig. 2: Trajectory of Stator Flux Vector in DTC Control 

The circular trajectory of the reference flux vector Ψ*s with 

the band rotates in the anti-clockwise direction as shown in 

below figure 2. The actual stator flux Ψs is limited within 

the hysteresis band and it tracks the reference flux in a 

zigzag path.  

The torque control loop has three levels of digital 

output according to the following relations:  
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    = 1 for     = +H     

    = -1 for       -H     

    = 0 for -H    <    <+H     

Where 2H    = Total hysteresis band width of the torque 

controller.  

The torque & flux estimator block also calculates 

the sector number S(k) in which the flux vector Ψs lies. 

There are six sectors each wide by 60 degree. The voltage 

vector table block receives the input signals from HΨ, 

HTem and S(k). Therefore, voltage vector table generates 

the appropriate control voltage vector for the inverter as 

shown below table. 

The flux in the motor is initially established at zero 

frequency along the radial trajectory „aA‟ as shown in above 

figure 2. With the rated flux, the reference torque is applied 

and the Ψ*s vector start rotating. Voltage vector table 

applies the selected voltage vector, which essentially affects 

both the torque and flux simultaneously. The flux trajectory 

segments AB, BC, CD and DE by the respective voltage 

vectors V3, V6, V3 and V6 are as shown in figure. Note 

that, the stator flux (Ψs) vector changes quickly by Vs but 

the rotor flux (Ψr) change is very sluggish due to large time 

constant Tr. Since rotor flux (Ψr) is more filtered. So, that 

its movement is uniformly whereas stator flux (Ψs) 

movement is jerky. However, the average speed of both 

remains the same in the steady state condition. 

        
S 

(I) 

S 

(II) 

S 

(III) 

S 

(IV) 

S 

(V) 

S 

(VI) 

1 

1 V2 V3 V4 V5 V6 V1 

0 V0 V7 V0 V7 V0 V7 

-1 V6 V1 V2 V3 V4 V5 

-1 

1 V3 V4 V5 V6 V1 V2 

0 V7 V0 V7 V0 V7 V0 

-1 V5 V6 V1 V2 V3 V4 

Table-1: Switching Selection Table 

 
Fig. 3: Inverter Voltage Vectors & Corresponding Stator 

Flux Variation 

DTC method selects one of the inverter‟s six 

voltage vectors and two zero voltage vectors, to keep stator 

flux and torque within a hysteresis band. Torque and flux 

are controlled by the six stator voltage vector defined in this 

reference frame, but the zero voltage vector (V0 & V7) short 

circuits the machine terminals and keep the torque and flux 

unaltered. Due to finite stator resistance (Rs) drop, the flux 

and torque will slightly decreases during the short circuit 

condition. 

Voltage 

Vector 
V1 V2 V3 V4 V5 V6 

V0 or 

V7 

ψs ↑ ↑ ↓ ↓ ↓ ↑ 0 

Te ↓ ↑ ↑ ↑ ↓ ↓ ↓ 

Table-2: Flux and Torque Variations Due to Applied 

Voltage Vectors 

B. Axis Transformation: 

A three phase induction motor can be represented by an 

equivalent two phase induction motor where qs – ds is the 

stator quadrature and stator direct axes, and qr - dr is the 

rotor quadrature and rotor direct axis. Direct Torque Control 

(DTC) method uses a stationary q – d reference frame which 

is fixed to the stator, having its q - axis aligned with the 

stator d – axis. With such a transformation (known as a 

Park‟s transformation), all the time varying inductances that 

occur due to an electric circuit in relative motion and 

electric circuit with varying magnetic reluctances can be 

eliminated. 
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Where     is the zero sequence component, which may or 

may not be present.  

   ,   ,   = stator voltages of phase A, B & C respectively  

         = q and d axes stator voltages  

We have considered voltage as the variable. The flux 

linkages and current can be transformed by similar 

equations. 

C. Actual Flux and Torque: 

The feedback torque and flux are calculated from the 

machine terminal currents and voltages.  

The actual torque can be calculated from stationary 

variables as follows: 

   (
 

 
) (

 

 
)(             )  

Similarly, actual stator flux can be calculated from 

stationary variables as follows:  

   √   
     

  

Now, we show it how to calculate from the machine 

terminal voltages and currents which are sensed by machine. 

These equations are: 
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; Where          = q and d axes stator voltages  

        = q and d axes stator fluxes  



Induction Motor Control using Direct Torque Control (DTC) 

 (IJSRD/Vol. 3/Issue 03/2015/223) 

 

 All rights reserved by www.ijsrd.com 919 

idss & idss = d and q axes stator currents  

Rs = stator resistance  

  ,  ,  =  = phase voltages of phase A, B, C respectively  

  ,  ,   = phase currents of phase A, B, C respectively  

   ,   ,   = line voltages  

P = number of poles 

Tem = electromagnetic torque 

III. SIMULATION OF DTC 

A. DTC Technique Simulation: 

 
Fig. 4: DTC Simulation 

Fig.4shows the DTC technique simulation. In this 

simulation three phase A.C 415 volt, 50 Hz input supply is 

connected to input of three phase full wave bridge diode 

rectifier. This rectifier three phase bridge rectifier converts 

the A.C voltage into D.C voltage included with ripples. 

Therefore, capacitor is connected across the three phase 

bridge rectifier which is used to neglect ripples from the 

output of three phase bridge rectifier and output of this 

rectifier is convert in to smooth D.C supply and it directly 

received by three phase IGBT based voltage source inverter. 

This voltage source inverter is gated from DTC sub system 

block according to DTC technique. Now, output of this three 

phase voltage source inverter is received by voltage and 

current measurement sub system where three phase voltage 

(Vabc) and line to line current (Iab) is measured and output 

of three phase voltage source inverter is directly send 

through voltage and current measurement sub system to 

three phase terminals of three phase induction motor. This 

induction motor is loaded by load torque timer block for 

various loads with respect to various time periods. Now, 

rotor actual speed of induction motor is measured and also 

used for speed controller sub system. 

B. DTC Sub System: 

 
Fig. 5: DTC Sub System 

Fig.5shows the sub system of DTC technique consists 

of torque and flux calculation sub system, hysteresis 

torque and flux calculation sub system, sector selection sub 

system and voltage vector sub system. This DTC technique 

sub system received four inputs, two inputs from voltage 

and current measurement subsystem in the form of Vabc 

and Iab and another two inputs received from speed 

controller sub system in the form of reference torque and 

flux. Using voltages Vabc and currents Iab calculation of 

actual torque, flux and flux angle. This actual torque and 

flux are received by hysteresis torque and flux calculation 

sub system and this sub system also received reference 

torque and flux. Hysteresis torque and flux calculator sub 

system calculates the hysteresis torque and flux. Flux angle 

output of torque and flux calculator sub system send to 

sector selection sub system for the proper voltage sector 

selection. Voltage vector selection sub system receives four 

inputs out of three from hysteresis torque and flux 

calculation sub system in the form of hysteresis torque 

output, hysteresis flux output and flux estimation. Fourth 

input of voltage vector selection received from sector 

selection sub system in the form of sector number. Finally, 

this DTC technique sub system gives output in the form of 

six gate pulses for IGBTs of voltage source inverter. 

IV. RESULTS 

The Result from the simulation is shown in the fig.6. From 

the simulation Rotor speed vs Time graph has been plotted. 

The IGBT Gate Pulse waveforms from the DTC 

subsystem has shown in the Fig.7. 

 
Fig. 6: Rotor Speed 

 
Fig. 7: IGBT Gate Pulse 

V. CONCLUSION 

From the simulation it has been observed that the Rotor 

Actual speed and Set Speed is almost same. So the precise 

control has been achieved. 
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