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Abstract 

Induction motors are the starting point to design an electrical drive system which is widely 

used in many industrial applications. With the joint progress of the power electronics and 

numerical electronics it is possible today to deal with the axis control with variable speed in 

low power applications. The direct torque control scheme provides excellent properties of 

regulation without rotational speed feedback. In this paper, Induction motor has been 

simulated in stationary d-q reference frame and its free acceleration characteristics are 

drawn. To reduce the ripple in current and voltage waveform space vector PWM method and 

fuzzy logic control is also implemented.  
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INTRODUCTION 

Over the past decades DC machines were 

used on large scale for variable speed 

applications because of the decoupled 

control of flux and torque which can be 

obtained by armature and field current 

control respectively. DC drives are useful 

in many aspects as high starting torque and 

ease of control. In spite of all these 

advantages DC motor drives suffer from 

one major drawback which is the presence 

of mechanical commutator and brush. The 

concept of DTC spread widely and quickly 

than vector control in industry applications. 

The most frequently used static power 

converter in DTC drive is VSI.  

 

When resistance of stator winding is 

neglected then stator flux is integral of the 

applied voltage. Therefore, for short period 

of time the change in stator flux is 

proportional to the voltage available. The 

time constant of rotor of induction motor is 

normally high value hence flux linkage of 
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rotor will change slowly with respect to 

the stator flux linkage [1–5]. The active 

voltage space vector of forward group is 

applied when the required torque is to be 

increased and this causes the torque angle 

increase. Similarly, backward or zero 

active voltage space vector is applied 

when the torque requirement is less than as 

present and this causes the torque angle to 

be decreased. Hence, this can be 

concluded that the torque can be controlled 

directly and increased and decreased 

directly by rotating stator flux linkage 

space vector at the appropriate location. 

This is why the control scheme is called 

DTC [5–12]. 

 

DIRECT TORQUE CONTROL 

Field oriented control is a good control 

technique but the major drawback is that it 

depends on accurate knowledge of the 

motor parameters [13– 19]. A more 

attractive control technique consists first in 

removing the machine stator flux and 

electromagnetic torque in the stationary 

reference frame from terminal 

measurements. The governing equation for 

torque for this scheme is due to the 

interaction of stator and rotor fields [20 

–25]. Torque and stator flux linkages are 

computed from measured stator voltages 

and current. An optimal voltage vector for 

the switching of VSI is selected among the 

six nonzero voltage vectors and two zero 

voltage vectors by the hysteresis control of 

stator flux and torque [26–31]. 

 

A three-phase VSI has eight possible 

combinations of six switching devices. 

The six switches have a well-defined state: 

ON or OFF in each configuration. So, all 

the possible configurations can be 

identified with three bits (Sa, Sb, Sc), one 

for each inverter leg. The bit is set to 1 if 

the top switch is closed and to 0 when the 

bottom switch is closed. The stator voltage 

space vector is 

        (3.1) 

The electromagnetic torque produced due 

to interaction of stator and rotor flux is 

given by the following equation: 

                 (3.4) 

From the above it is clear that torque 

varies directly as angle between stator flux 

and rotor flux, i.e., γ. So, in order to obtain 

high dynamic performance it is required to 

vary γ quickly. Assuming the rotor is 

rotating in anticlockwise direction 

continuously and stator flux lies in sector k, 

the active forward voltage vectors (Vs, 

k+1 and Vs, k+2) are applied to increase γ 

so as the torque Te. The radial voltage 

vectors (Vs, k and Vs, k+3) are used to 

decrease γ and Te. By applying the reverse 

active voltage vectors (Vs, k-1 and Vs, k-2) 
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torque can be decreased rapidly. The two 

zero voltage vectors (Vs, 0 and Vs, 7) are 

applied to maintain the flux constant 

ideally and to decrease the torque slightly 

[32–38]. 

 

 FUZZY LOGIC CONTROL OF 

INDUCTION MOTOR USING DTC 

The block diagram used for 

implementation of DTFC of IMD is shown 

in Figure 1. A voltage source inverter 

supplies the motor and instantaneous 

values of the stator flux and torque are 

calculated from stator variable by using a 

closed loop estimator. The fuzzy logic 

controller is characterized as follows: 

 Seven fuzzy sets for input and output 

variables. 

 Fuzzification using continuous 

universe of discourse. 

 Implication using Mamdani’s ‘min’ 

operator. 

 De-fuzzification using centroid 

method. 

 

 

Fig. 1: Block Diagram of Proposed FLC 

for IMD. 

 

The fuzzy sets are defined with triangular 

membership functions. In fuzzy 

membership function there are two input 

variable and each input variable have 

seven linguistic values. The fuzzy control 

rules are shown in Table. 

 

Fig. 2: The Fuzzy Membership Functions 

of Input Variables (a) Torque Error, (b) 

Change in Torque Error and (c) Output 

Variable. 

 

Table 1: Fuzzy Logic Control Rules. 

 

 

SIMULATION RESULTS AND 

DISCUSSION 

Direct torque control algorithm of 

Induction motor drive has been simulated 

using MATLAB/Simulink 7.10.0 (R2010a). 

The induction motor is fed by an IGBT 

PWM voltage source inverter consists of 

Universal Bridge Block. Flux and torque 

references are produced using speed 

control loop which employs proportional 

integral control. The model is run for 

typical conditions of reference speed and 
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applied torque value. The complete 

Simulink model of DTC scheme of IM for 

a 200HP, 460V, 60Hz, 4pole, 3-phase 

induction motor is used for the simulation.  

Case 1: t = [0, 1]; speed = [500, 0] 

t = [0, 0.2, 0.5, 1.5];  

Torque = [0, 200, 792, -792] 

Using conventional DTC 
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Fig. 3(a): Plots of Electromagnetic Torque 

and Speed using Conventional DTC. 
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Fig. 3(b): Plots of Stator Current using 

Conventional DTC. 

 

At t=0 sec speed is set to 500 rpm and 

torque is set to zero value. Now, at t=0.2 

sec a load torque of 200 N-m is applied 

while the motor is still accelerating to its 

final value. The electromagnetic torque 

increases to its maximum value at t=0.5 

sec and then stabilizes to at 800 N-m. At 

t=0.5 sec  speed set point is changed to 0 

rpm, speed decreases to 0 rpm with 

deceleration and finally stabilizes to zero 

value. The variation in stator current, 

electromagnetic torque and rotor speed is 

shown in Figure 3(a) and 3(b).   

t = [0, 1]; speed = [500, 0] 

t = [0, 0.2, 0.5, 1.5];  

Torque = [0, 200, 792, -792] 

DTC using SVPWM: 
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Fig. 4(a): Plots of Electromagnetic Torque 

and Speed using SVPWM DTC. 

0 0.5 1 1.5 2 2.5 3
-500

0

500

1000

1500
i_a

0 0.5 1 1.5 2 2.5 3
-1000

-500

0

500
i_b

0 0.5 1 1.5 2 2.5 3
-1500

-1000

-500

0

500

1000

Time

i_c

 

Fig. 4(b): Plots of Stator Current using 

SVPWM DTC. 

 

From Figure 4(a) and 4(b) it was observed 

that the variation in waveform remains 

same but ripples in output waveforms are 

substantially reduced. The ripples in 

electromagnetic torque are removed. At t = 

1 sec speed reference is set to zero value 

and hence the rotor speed is finally 

stabilizes to zero value following the 

deceleration. The plots are shown in 4(a) 

and 4(b). 

t = [0, 1]; speed = [500, 0] 

t = [0, 0.2, 0.5, 1.5];  

Torque = [0, 200, 792, -792] 

DTC using fuzzy logic controller: 
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Fig. 5(a): Plots of Electromagnetic Torque 

and Speed using FLC DTC. 
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Fig. 5(b): Plots of Stator Current using 

FLC DTC. 

 

From the diagram we can conclude that the 

waveform of the IMD using fuzzy logic 

control is comparable to the control 

method using SVPWM. Ripples in the 

waveform is also reduced which is shown 

in 5(a) and 5(b). As the loading condition 

is changed the variation in stator current, 

electromagnetic torque and rotor speed is 

following the SVPWM method and the 

ripples in waveform is substantially 

reduced.  

Case 2: t = [0, 1]; speed = [500, 100] 

t = [0, 0.2, 0.5, 1.5]; torque = [0, 200, 500, 

700] 

Using conventional DTC: 
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Fig. 6(a): Plots of Electromagnetic Torque 

and Speed using DTC under Different 

Loading Conditions. 
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Fig. 6 (b): Plots of Stator Current using 

Conventional DTC under Different 

Loading Conditions. 

 

At t=0 sec speed is set to 500 rpm and 

torque is set to zero value. Now, at t=0.2 

sec a load torque of 200 N-m is applied 

while the motor is accelerating and at t = 

0.5 sec a load at 500 N-m is applied due to 

which the speed is still accelerating and 

stabilizes to its final value. The 

electromagnetic torque increases to its 

maximum value at t=0.55 sec and then 

again at t = 1.5 sec load torque is changed 

to 700 N-m hence the final value of load 

torque is stabilizes to 700 N-m. At t = 1sec 

speed set point is changed to 100 rpm and 

hence finally speed value sets at 100 rpm. 

The variation in stator current, 

electromagnetic torque and rotor speed is 

shown in Figure 6(a) and 6(b).  

t = [0, 1]; speed = [500, 100] 

t = [0, 0.2, 0.5, 1.5]; torque = [0, 200, 500, 

700] 

DTC using SVPWM:  
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Fig. 7(a): Plots Electromagnetic Torque 

and Speed using SVPWM under Different 

Loading Conditions. 
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Fig. 7(b): Plots Stator Currents using 

SVPWM under Different Loading 

Conditions. 

 

From Figure 7(a) and 7(b) it was observed 

that the variation in waveform remains 

same but ripples in output waveforms are 

substantially reduced. The ripples in 

electromagnetic torque are removed. At t = 

1 sec speed reference is set to 100 value 

and hence the rotor speed is finally 

stabilizes to 100 value following the 

deceleration.  

t = [0, 1]; speed = [500, 100] 

t = [0, 0.2, 0.5, 1.5]; torque = [0, 200, 500, 

700] 

DTC using fuzzy control:  
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Fig. 8(a): Plots of Electromagnetic Torque 

and Speed using Fuzzy Logic Controller. 
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Fig. 8(b): Plot of Stator Current of DTC 

using Fuzzy Logic Controller. 

 

From the diagram we can conclude that the 

waveform of the IMD using fuzzy logic 

control is comparable to the control 

method using SVPWM. Ripples in the 

waveform is also reduced which is shown 

in 8(a) and 8(b). 

Case 3: 

t = [0]; speed = [500] 

t = [0, 0.5]; Torque = [0, 500] 

Using conventional DTC:  
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Fig. 9(a): Plots of Torque and Rotor Speed 

for a Constant Speed using Conventional 

DTC. 
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Fig. 9 (b): Plots of Stator Current for a 

Constant Speed using Conventional DTC. 

t = [0]; speed = [500] 

t = [0, 0.5]; Torque = [0, 500] 

DTC using SVPWM: 
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Fig. 10 (a): Plots of Torque and Speed for 

a Constant Speed using SVPWM DTC. 

 

0 0.5 1 1.5 2 2.5 3
-500

0

500

1000

1500
i_a

0 0.5 1 1.5 2 2.5 3
-1000

-500

0

500
i_b

0 0.5 1 1.5 2 2.5 3
-1500

-1000

-500

0

500

Time

i_c

 

Fig. 10 (b): Plots Stator Current for a 

Constant Speed using SVPWM DTC.   

 

t = [0]; speed = [500] 

t = [0, 0.5]; Torque = [0, 500] 

DTC using FLC: 
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Fig. 11 (a): Plots of Torque and Speed for 

a Constant Speed using FLC DTC. 
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Fig. 11(b): Plots Stator Current for a 

Constant Speed using FLC DTC. 

 

From the diagram we can conclude that the 

waveform of the IMD using conventional 

DTC, SVPWM and fuzzy logic control 

that at t = 0.5 sec a load of 500 N-m is 

applied due to which stator current 

fluctuates for a cycle and then comes to a 

steady state value. After then the motor 

runs with a constant speed of 500 rpm. The 

variation in stator current, electromagnetic 

torque and rotor speed is shown in the 

Figures 9 to 11.  

 

CONCLUSION 

For any IM drives, direct torque control is 

one of the best controllers proposed so far. 

It allows decoupled control of motor stator 

flux and electromagnetic torque. From the 

analysis it is proved that, this strategy of 

IM control is simpler to implement than 

other vector control methods as it does not 

require pulse width modulator and 

co-ordinate transformations. But it 

introduces undesired torque and current 

ripple. DTC scheme uses stationary d-q 

reference frame with d-axis aligned with 

the stator axis.  

 

Stator voltage space vector defined in this 

reference frame control the torque and flux. 

The ripple in stator current and torque are 

substantially reduced by using Fuzzy logic 

control and SVPWM. 
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