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This thesis deals with the high performance speed control with efficiency optimization
of voltage source space vector modulated PWM inverter-fed induction motor taking core loss
into account. Fast and accurate speed response, quick recovery of speed from any disturbances,
and insensitivity to parameter variations are some of the important criteria of the high
performance electrical drive. In order to achieve high performance the field oriented control of
induction motor is employed. However, the accurate performance of torque as well as speed
control of IM is affected due the effects of core loss. Therefore, the core loss is taken into
account for the design of speed controller of induction motor.

The desired speed of IM can be achieved by varying the voltage and frequency of
stator. The space vector modulated PWM voltage source inverter is used because it can
easily be implemented in digital signal processor or microprocessor of a personal computer and
it allows reducing commutation loss and the harmonic current of cutput voltage.

The field oriented control theory of IM has been derived by keeping constant rotor
flux. The efficiency is very poor even though implementing the field orientation at light load
and low speed. Therefore, an efficiency optimization algorithm is developed in terms of slip
frequency in order to achieve maximum efficiency for different operating speeds and torque
conditions. The conventional PI controller with high performance controller of induction motor
has been used in industrial applications. The overshoot and steady state error problems occur
where the constant gains of PI controller are chosen by trial and error.

Moreover, the conventional PI controller becomes unstable because the decoupling
| characteristics of the field oriented control strategies are adversely affected by the parameter
changes in the motor. To surmount such a drawback of PI controller, this thesis demonstrates
MIMO optimal regulator, discrete-time sliding mode controller, full order and reduced order
observers, fuzzy controller and self-tuning PI controller based on fuzzy logic for the high
performance speed control of induction motor.

In the design of MIMO optimal regulator and discrete-time sliding mode controller, the
magnetizing current components are added in the state space model to compensate the effects of
core loss. An augmented system is developed from the state space model of induction motor. The
error and the first difference of motor state variables are used as the state variables of the
augmented system. Using the augmented system, the feedback gains of these controllers are
calculated. The stability of these controllers is confirmed by using the Lyapunov stability theorem.

In order to implement the optimal regulator and sliding mode controller, the bilinear full
order and reduced order observers of induction motor taking core loss into account are designed.
The gains of these observers are calculated by using the pole placement technique and Lyapunov
stability theorem. So, these observers are stable at both constant and variable speeds of induction
motor. Fuzzy logic controller is designed to regulate the imaginary component of magnetizing
current to achieve the desired speed. The compensation technique, due to the effects of core loss, is
taken into account in order to achieve precise and high performance desired speed.

In order to overcome the complexity of design technique of optimal regulator, sliding
mode controller and fuzzy logic controller, this thesis presents a new self-tuning PI controller based
on fuzzy logic. For the tuning of PI controller gains, the fuzzy adaptation technique is developed
according to the knowledge of pole placement technique. In order to update the gains of PI




controller, only three fuzzy rules are needed. So, it takes less time to calculate the output of fuzzy
adaptation system.

In this thesis, the simulation is implemented by using Matlab and Simulink software.
Simulations are carried out by considering the step changes of reference speed, load torque, rotor
resistance and damping factor. In order to investigate the controller performance, the simulation is
also performed by assuming that the rotor resistance and the inertia are unknown at the starting of
induction motor. For all of the controllers, the simulations are carried out for the above mentioned
operating points, and for both field orientation and efficiency optimization strategies.

According to the simulation results, the desired speed can be achieved for the step change of
speed without any overshoot and steady state error by using the optimal regulator, discrete-time
sliding mode controller, fuzzy logic controller and self-tuning PI controller. These controllers are
also stable and robust under the variations of parameters and load torque. From the viewpoint of
design technique and gains calculation time, the self-tuning PI controller based on fuzzy is superior
to other three controllers.
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