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Abstract- The direct torque control strategy of squirrel-cage induction motor using two-level inverter is 
presented. The strategy used for controlling the torque of induction motor includes the change in applied voltage 
to the squirrel-cage induction motor .The variable voltage is provided with the help of look up table to the 
inverter. It is observed that the torque ripples are much in two-level inverter. This is because of the high dv/dt 
ratio of the output voltage of inverter. The current ripple produces torque ripples in steady state. The 
performance of motor in transient state and steady state are shown. The parameters of machine are given and the 
controlling strategy is performed using MATLAB/Simulink software. The control strategy is simulated on a 7.5 
hp SQIM drive with two-level insulated-gate bipolar transistor (IGBT) inverter in MATLAB/Simulink software. 
 
Index Terms- Direct Torque Control, Space vector modulation, Two-level Inverter. 
 
I.  INTRODUCTION 
 
Squirrel cage induction motors are  widely used in 
industrial appl ications. The drawback of induction 
motor is, it has inferior torque. Various methods are 
appl ied in order to control the torque. The torque can 
be control led directly by providing the variable 
voltage to the motor. The variable voltage is provided 
with the help of multi -level inverter. The multi level 
inverter control strategies are of two type’s scalar and 
vector control . Out of this, vector control strategies 
are mostly used. Direct torque control comprises 
proportional -integral control lers, current regulators 
and coordinate transformations and it ensures good 
torque control in steady and transient states [1].  DTC 
is easy to implement but the use of PI regulators 
makes it complex. PI regulators requires precise math 
model and also high torque and flux ripples 
calculations [1].DTC using arti ficial neural network 
provides the good steady state response[2]. Multi -
level inverter in DTC ensures fast dynamic response 
[1,2,3]. Flux control strategy and conventional direct 
torque wi th multi -level inverters also been reported 
[3].DTC most of the time uses space vector 
modulation method of control (SVM)[3].In this, the 
method  is suggested for two-level inverters. The 
reports, based on DTC-SVM method with multi level 
inverters [5-8], shows change in l ine voltages from 
0,-Vdc and +Vdc... The voltage transition causes high 
dv/dt at the motor terminals and cause high current 
ripple in steady state. This paper presents the direct 
torque and flux control of SQIM using two-level 
neutral point  clamped inverter. The switching 
strategy of the two-level inverter has shown using 
Space Vector Modulation technique. The two level 
inverter is having 23 = 8 switching vector .This 
switching vectors are used in look up table to control 
the switching of inverter. The essential requirement 
for motor is to have the fast torque response with 

lower torque ripples during transients and low 
switching current ripple in steady state.  This paper 
shows the result of two-level inverter switching with 
transient and steady state response of induction 
motor. The performance of the motor is also shown.   

 
Fig.1 Block diagram of direct torque cont rol of induct ion 

motor 
 
II.   CALCULATION OF STATOR VOLTAGE 
AND FLUX 
 
The configuration for the two-level inverter for the 
SQIM drive  is shown in Fig. 2. A two-level inverter 
is having higher dv/dt as compared to a three-level 
inverter thereby increasing the shaft voltage and 
bearing current problems for the high power motors . 

 
Fig.2 Two-level inverter 
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The motor torque and flux are directly control led 
based on DTC technology [1]. The actual flux, motor 
torque and speed of the rotor are estimated from the 
equations. The equations for the flux, motor voltage 
and current are shown. The stator voltage 
Vector 

 
The stator flux vector is calculated using (1)  by 
 

 
Depending upon the switching states and dc bus 
voltage, the stator voltages Vsd  and Vsq  in 
stationary frame are calculated. The switching logic 
for two level inverter for one leg is as shown in Table 
No. 1.The voltage vector table of  two-level inverter 
is as shown in Table No.2.The increased in flux error 
is indicated by 1 and the decrease in flux error  by 0. 
Simi larly, increase in torque is indicated by 1 and 
decrease in torque is indicated by  -1.Whi le the 
proper switching state for  particular vector for two 
level inverter is given in Table No. 3. 
 

Table No.1 Switching logic for single leg of inverter 

 

Table No.2 Voltage vectors for two level inverter 

 

 
 

Table No.3 Switching state for voltage vectors 

 
 

III. SECTOR CALCULATION 
 
In two level inverter, there are 6 sectors 600 each as 
shown in Fig. 3. Assume that the reference stator flux 

 

 
Fig.3 Sectors and Space voltage vectors 
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IV. PROPER VOLTAGE VECTOR SELECTION 
 
The selection of voltage vector takes place between 
the active vectors V1 to V6 and the nul l vector V0. 
In this region 

 

 
 
V.  SIMULATION RESULTS 
 
The experimental veri fication is carried out on a 7.5-
hp SQIM. The inverter used for this drive is a three-
phase two-level inverter. The simulation is as shown 
in Fig 4.A constant rated load is appl ied to the 
induction motor at t=0.2 seconds. The transient 
response and steady state response of induction motor 
is as shown in fig.5(a) &(b).In fig.5(a) the calculated 
torque is shown and in fig. 5(b) the actual motor 
torque is shown. The speed of motor is steady after 
few seconds as shown in fig.6.The voltage suppl ied 
to induction motor is shown in fig.. 7.The stator flux 
trajectory is as shown in fig. 8 

 
Fig. 4 Simulation of Direct torque control of induction motor 

 

 
Fig.5 Torque of motor (a)Calculated torque(b)actual motor 

torque 
 

 
Fig.6. Rotor speed of induction motor 
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Fig.7 Output voltage waveform of two level inverter 

 

 
Fig.8 stator flux trajectory 

 
APPENDIX 
 

 

 
CONCLUSION 
 
This paper introduced the two-level inverter fed 
induction motor with direct torque control led. It’s 
observed that the torque ripples are of signi ficance 
values. In order to decrease the torque ripples, 
switching strategy should be appl ied so that the 
minimum optimum current ripple produce. The 
machine is having steady state response for rated 
load. Direct torque control of induction motor is 
carried out with the two level inverter is val idated by 
simulation results. 
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