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Abstract: 

Variable frequency drive (VFD) is a common method to control the rotational 
speed of an AC induction motor by adjusting the frequency of the supply 
voltage. One approach to implement VFD is to use Pulse Wide Modulation 
(PWM) technique. In addition to the rotational speed, there are also other 
operational parameters such as start-up torque, spin-up time, and energy 
efficiency to consider. The proposed project is to develop a model of single 
phase induction motor and PWM control schemes to optimize the motor 
operational characteristics. 

Objectives: 

The project aims to develop PWM based schemes to control single phase AC 
induction motor to operate at different rotational speed with optimized motor 
performance in terms of: 

1. High torque output, particularly during start-up; 

2. High energy efficiency; and  

3. Shortest spin-up time. 

Introduction: 

Pulse Width Modulation (PWM) techniques is commonly used in a variable 
frequency drive scheme to control the rotational speed of an induction motor. 
The voltage amplitude and the effective frequency of the power supply are 



obtained by modulating the duty cycle of a pulse train. The basic PWM control 
principle is the Volt/Hertz ratio which reflects the inductance properties of the 
motor windings. Other than the rotational speed, the basic scheme has no 
provision to influence the motor performance characteristics; the output torque, 
spin-up time and energy efficiency remain fixed parameters of the motor 
design.  

There are also vector control methods based on controlling both the magnitude 
and the phase of the motor current and voltage to achieve better motor 
performance, such as smooth motion at slow speed and efficient operation at 
high speeds. The phase of the current (relative to the applied voltage) governs 
the ‘slip’ of the motor, which is related to the output torque. To implement 
vector control, the spatial angular position of the rotor flux inside the motor and 
the rotational speed need to be determined. This requires additional sensing 
hardware components. 

An interesting question is whether it is possible to control the phase of the 
motor current (relative to the applied voltage) by varying the PWM waveform 
applied to the motor, without having to know the orientation of the rotor flux 
linkage and the position of the rotor. To answer this question, a mathematical 
model for analyzing the motor behavior needs to be developed. If the answer 
to the question is positive, the model will be used to investigate variation on the 
basic PWM schemes to achieve optimal motor performance 
 


