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 
ABSTRACT 
A new approach to Direct torque control of induction motor is 
presented in this paper. A ripple in torque of the induction 
motor is a very common problem and it is to be reduced. In 
conventional DTC methods the inverter has constant 
switching frequency and is dramatically increased. In 
proposed DTC based induction motor drive, an improved space 
vector modulation technique is applied to inverter control, 
therefore reducing the torque/speed ripples. As the proposed 
approach does not include any dead beat control or hysteresis 
control, it automatically reduces computational calculations. 
Simulation results of proposed DTC based induction motor 
drive technique is validated using MATLAB/SIMULINK 
environment. 
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1. INTRODUCTION 
 
Basically Induction motor torque can be controlled by scalar 
control and vector control. The scalar control can control 
speed but cannot improve dynamic response. To overcome 
this problem vector control technique is used in wide variety 
of applications. In Vector control techniques the most popular 
types are FOC (Field oriented Control) and DOC (Direct 
torque control). It is well known that in FOC Scheme involves 
control loops which control direct and quadrature axis 
currents. FOC scheme is also used to improve the 
characteristics of the motor to reduce the order of torque 
equation. FOC also involves tedious work when compared to 
DTC. Hence, Steady state response has better characteristics 
if FOC is used, Dynamic response is better is characteristics if 
DTC is used. Therefore DTC includes high torque ripples in 
steady state response.  The direct torque control approach 
controls the stator flux and the Electromagnetic torque 
simultaneously using the hysteresis controllers and PI 
(Proportional Integral) blocks. 

 
 

As demonstrated in [1], [3],[4],[5][6], both flux and 
torque of a DTC-based drive are controlled as closed loop 
control systems without using current loops as used in FOC 
methods. Moreover, the DTC-based drives do not require 
fulfilling the coordinate transformation between stationary 
frame and synchronous frame, in comparison with the 
conventional vector-controlled drives (FOC).  Since a 
DTC-based drive[1], selects the inverter switching states 
using look up tables, it does not require any current 
controllers nor pulse-width modulation (PWM) 
modulators, and hence providing fast torque response [2] . 
But this switching-table-based DTC approach also have 
some disadvantages; more details are described as follows. 

For digital implementation, the system sampling 
frequency for the calculations of torque and flux should be 
very fast in order to provide good tracking performance 
and limit the errors of torque and flux within the specified 
bands, 
respectively.Theinverterswitchingfrequency,whichvaries
withspeedofdrivesand the associated error bands, is very 
low in comparison with the system sampling frequency; a 
sampling frequency of 40 kHz gives the inverter switching 
frequency about 3kHz as shown in[7].Although the 
inverter switching frequency can be increased by mixing 
high frequency dither signals with the error signals of torque 
and flux [11], respectively, the inverter switching 
frequency is not constant for small error bands [8] and the 
difficulty of designing inverter output filter becomes 
difficult. For the DTC-based drives, the torque ripple is 
significantly for not invoking the zero inverter switching 
states; especially at motor start-up [9]or under transient 
state[10,12]. 

Normally, to provide constant inverter switching 
frequency, a space vector modulation (SVM) modulator is 
incorporated with direct torque control for induction motor 
drives as shown in[2],[11]. In [2], by considering several 
complicate calculations, a dead beat controller is used to 
generate the voltage command of SVM modulator which 
can be easily generated with high end Microprocessors.
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In[13],a predictive controlleris used to give the command to 
the inverter using space vector modulator. In these days 
Model Predictive control (MPC) technique is widely used in 
control of electrical drives as their concept is very simple. 

2. MODELING OF INDUCTION MACHINE: 

Dynamic model of Induction Machine:  

The three Phase stator currents system with angular 
frequency w0 can be defined in a fixed three phase 
coordinate frame as  

Ia = I sin (w0t) 

Ib = I sin (w0t+2*π/3) 

Ic = I sin (w0t+4*π/3) 

The transformation from three phase to two phase 
systems for stator currents is described by  

Is = 2/3 (ia  + aib + a2ic) 

Where a = ej2π/3, a2 = ej4π/3 

The above transformation is used for Electromagnetic 
Variables as shown below: 

Let the variable w denotes the rotor angular speed then,  

vs = Rs* Is + dψs/dt + jψs*wk 

0 = Rr* Ir + dψr/dt + jψr*(wk-w) 

ψs = Ls is  + Lm* ir 

ψr = Lm is  + Lr* ir 

T= 3/2 p Re{ ψs is} = -3/2 p Re{ ψr ir}  

Where Ls, Lr and Lm are stator, rotor and magnetizing 
inductances respectively. 

Rs and Rr are stator and rotor resistances  

vs and is are stator voltage and current vectors.  

P is number of pole pairs.  

Electrical  system equations:  

 Vs = Rs is + 1/w0 (dfs/dt) + wk M(pi/2) * fs 

 Vr  = Rr ir  + 1/w0 (dfr/dt)  + (wk – wm) M(pi/2) fr 

where the variables i, v, and f are 2-dimensional space 
vectors;  

wk is the speed of the reference frame, wm the rotor speed, 
and M(pi/2) represents a 900 space rotator namely M(pi/2) 
= [0 -1;1 0] 

    The flux linkage current relations are: 

          Fds = Ls ids + Lm idr 

          Fdr =  Lm ids + Lr idr 

          Ls =Lm +Lsl  ; Lr = Lm +Lrl 

          Fqs = Ls iqs + Lm iqr 

          Fqr  = Lm iqs + Lr iqr 

 Mechanical system equations: 

      Te = 2*H (dwm/dt ) + Bm wm + Tl 

 Where, 

 Te = fs x is = M(pi/2) fs . is = fds iqs – fqs ids 

                            = fs x is = M(pi/2) fs . is 

                            = ir x fr 

= Lm (ir x is)  

= Lm/Lr (fr x is)    

Therefore, by using the above equations model of 
Induction machine is created in Simulink 9.3 as shown in 
figure 1. 

Static model of Induction machine:  

 

Figure 1: Induction Machine Model (Electrical)  
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Figure 2: Induction Machine Model (Mechanical) 
 

3. PROPOSED CIRCUIT DIAGRAM:  
 

 

Figure 3: Direct Torque Control of Induction Machine 
Simulation Diagram 

The proposed circuit is simulated in MATLAB Simulink 
9.3 and the brief model is as shown in figure 3. 

Referring to the figure 3, the DTC based drive has outer 
speed loop which is compared with the speed reference and 
fed to the PI controller to give the Torque error input to the 
DTC controller. DTC controller is the special type control 
in this paper which consists of hysteresis controllers and 
look up tables for sector selection. 

There is a Speed Estimator to estimate the speed in terms 
of fr and Te and display the results.  

The DTC Controller which is modelled in MATLAB 
Simulink 9.3 is shown in the figure 4.  

 
Figure 4 : DTC Controller Model 

 
 

4. SIMULATION RESULTS:  
 

 
 

Figure 5: Torque and Speed of the Induction machine 
 

The relation between torque and speed of induction machine 
is described in the mechanical system of machine model. 
Here, the speed is zero until the torque is zero at 0.3 seconds. 
At 0.3 seconds, the speed gets increased and settled down at 
constant speed as torque got increased.  
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Figure 6: Results at Speed Estimator – Rotor speed, Slip speed and 

Machine speed. 
 

From the modeling of speed estimator it is clear that the 
machine speed is the difference between the rotor speed and 
the slip speed. Hence the rotor speed and slip speed are 
estimated to get the machine speed which is fed back to DTC 
controller.  
 
5.CONCLUSION  
In this paper, a new direct torque control method is 
presented. The features of the proposed direct torque control 
method include providing constant inverter switching 
frequency and significantly reducing the torque and speed 
ripple. The Speed Estimator is used to estimate the speed of 
the machine and the estimated speed is fed back to the DTC 
controller by sing PI controllers. Various transformation 
techniques are involved to model the induction motor 
Electrical and Mechanical. The speed of the Induction 
machine can be controlled directly by using torque or stator 
flux in the proposed model and the simulation results are 
explained very clearly.  
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