
𝑇   𝑘 .Ω                                                                    (5) 

The parameters of the motor are: 
𝑅𝑠   0.021 Ω, 𝐿    𝐿   3.866 𝑚𝐻,𝛹   1.2 𝑉𝑠,𝑃  2,𝑘   0.0102 𝑘𝑔 𝑚²/𝑠. 

 
Mechanical constant parameters: 

𝑓 = 0.045 k𝑔 ∙ 𝑚²/𝑠 and 𝐽 = 0.0182 K𝑔 ∙ 𝑚². 
 

Use the suitable transformation matrices: 

Park Transformation matrix 

P(θ) = 𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

 

abc to alpha-beta transformation matrix 

T =   

⎣
⎢
⎢
⎡

1 0
√

√
⎦
⎥
⎥
⎤
 

Tasks 
 

I. Create a MATLAB script for parameters. 
II. Implement the model in MATLAB Simulink using the following blocks – 

a. Gain 
b. Product 
c. Integrator (continuous, 1/s) 
d. Addition subtraction  
e. Constant 

III. Add a three-phase voltage source (three sinusoidal blocks from “Sources” in Simulink 
library) with: 

a. Voltage amplitude: 440 V 
b. Voltage frequency: 60 Hz 

IV. Set the solver as “Fixed-step” and pick “ode4” in the list of the solvers. Select the step-
size as 1e-6 and the simulation time. 

V. Run the simulation considering the motor is supplied from a source (as task 3). Keep the 
load torque “0” (at,𝑇 0). Measure the no load speed and no-load current 𝑖  of the 
motor at steady state using scope.  

 
2. Speed control of Induction Motor Using Direct Torque Control 

1. Take an SCIM from MATLAB Simulink and use the parameters of the machine as 
given below, 

Power rating 7.457 kW 
Rated speed 2900 rpm 

Rated voltage 380V 



Rated frequency 50 Hz 
Poles 2 

Stator resistance 2.86 ohm 
Rotor resistance 4.99 ohm 

Magnetizing reactance 78 ohms 
Stator leakage reactance 5.44 ohms 
Rotor leakage reactance 5.44 ohms 

 
2. DC bus voltage is 1200V, switching frequency is 300 times fundamental frequency. 

Assume a load torque which is proportional to speed. Verify the model by running the 
machine model in open loop V/f scheme and observe the three phase currents and 
machine speed for different excitation voltages and frequencies, maintaining V/f ratio 
constant. 

3. Implement the direct torque control strategy using stator flux estimation. 
  

 

 

 

 

 

Ψα = (vα – iα Rs) 
 

 

Ψβ = (vβ – iβ Rs) 
 

 

Torque and flux estimation can be done using equations: 

T = 
 

 (Ψα iβ - Ψβ iα) 

Ψs = 𝜓  𝜓  

4. Implement flux and torque controllers using hysteresis comparators 

PI  w*  

wfb  



 

Assume the reference value of flux to be at the rated value, ѱs* of 1.25 Wb, and flux error 
band of 10% for the hysteresis comparator of flux. 

5. Implement the look up table for switching voltage vectors based on the outputs of flux 
and torque hysteresis comparators, and sector location of stator flux: 

 

cψ, cT S(θ) So S1 S2 S3 S4 S5 
cψ = 1 cT = 1 1,1,0 0,1,0 0,1,1 0,0,1 1,0,1 1,0,0 

cT = 0 1,1,1 0,0,0 1,1,1 0,0,0 1,1,1 0,0,0 
cT = -1 1,0,1 1,0,0 1,1,0 0,1,0 0,1,1 0,0,1 

cψ = 0 cT = 1 0,1,0 0,1,1 0,0,1 1,0,1 1,0,0 1,1,0 
cT = 0 0,0,0 1,1,1 0,0,0 1,1,1 0,0,0 1,1,1 
cT = -1 0,0,1 1,0,1 1,0,0 1,1,0 0,1,0 0,1,1 

6. Consider a torque error band of ±10% for the hysteresis comparator of torque. Run the 
machine under Direct Torque Control with fixed torque reference.  Observe (a) 
reference and estimated torque, (b) actual and estimated stator flux, and (c) three phase 
currents. 

7. Implement the speed control loop. Perform ramping of reference speed from 0 to rated 
speed in 2 seconds keeping load torque 0. Once speed is reached, half rated load torque 
step is applied for t=3-3.5s and observe the actual speed, reference and actual load 
torque and Stator flux trajectory in 𝛼 𝛽 domain (use X-Y plot in Simulink). 

8. Repeat task 7 by considering flux error band of 5% for the hysteresis comparator of 
flux. 
 

****************************************************************************** 

 
 
 
 
 
 
 
 


