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ABSTRACT

Vector control of induction machines has established itself during the last two decades
as the most suitable way of achieving high performance in induction motor drives. In its
basic form, vector control relies on the existence of the speed sensor. This is at present
considered to be the major drawback and enormous efforts have been put in
development of so-called sensorless vector controlled drives during the last decade.

Vector control principles require utilisation of the mathematical model of an induction
machine within the controller. Furthermore, most of the schemes, used for speed
estimation in sensorless drives, are based on the model of the machine as well. The
standard model regards all the machine parameters as constant and ignores the
existence of the iron loss. Hence any variation of the actual machine parameters leads to
detuned operation and deterioration of the performance takes place. The objectives of

this project are to investigate detuning in the sensorless indirect feed-forward rotor flux
orientated induction motor drive, to develop improved sensorless vector control
schemes with compensation of iron loss and main flux saturation, and to perform
experimental investigation with the aim of confirming some of the theoretical studies.

A detailed investigation to quantitatively assess detuning effects in the sensorless
vector-controlled drive, that utilises MRAC based speed estimator of rotor flux type, is
undertaken. Detuning due to parameter variations (stator and rotor resistance, stator and
rotor leakage inductance), iron loss and main flux saturation is evaluated for steady-
state and transient operation. Simulation studies show that parameter variations, iron
loss and main flux saturation lead to deterioration in performance of the sensorless

induction motor drive. It is therefore necessary to compensate the detuning effects on-
line.

Based on advanced induction machine models, several improved sensorless vector
control schemes are developed. The first scheme provides compensation of iron loss.
The second scheme provides compensation of main flux saturation. The third one,
obtained by combining the previous two schemes, provides simultaneous compensation
of both the iron loss and main flux saturation. By employing the novel sensorless
schemes, detuning effects are reduced significantly. The improved performance of the

novel sensorless vector controlled induction motor drives is confirmed by simulation
studies.

Experimental investigation is performed to confirm the theoretical findings. Speed
estimator 1s operated at all times in parallel with an existing sensored vector controlled
drive. Detuning due to parameter variations is at first investigated. Next, improved

performance of one of the developed modified MRAC speed estimators, that
compensates for the main flux saturation, is confirmed experimentally.
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CHAPTER 1: INTRODUCTION

1 INTRODUCTION

1.10rigins of vector control of induction machines

Variable speed electric drives are used in a variety of industrial applications. With the
rapid development of automation, more and more applications demand high
performance, low cost variable speed drives. The continuing trend is towards cheaper,
more cost effective drives, characterised with better quality of the speed control
[Novotny and Lipo, 1996]. The majority of electric machines employed in industry are
squirrel ‘cage induction machines as they are characterised with low cost and low
maintenance requirements. Therefore, high performance induction motor drives have
been under extensive development in the recent years. The aim of the research
described in this thesis is to make a contribution in this field. The investigation 1is

devoted to one specific sub-class of high performance drives, so-called sensorless

vector controlled induction motor drives.

There are two basic types of machines that are used in industry, i.e. alternating current
(AC) machines and direct current (DC) machines. Squirrel cage induction (AC)
machines are predominant due to their robustness and low operational cost. In the past,
it was very difficult to control their speed. Nevertheless, induction machines were still
widely used in the most of the industrial applications that required running at constant

speed. In contrast to an induction machine, the flux and torque of a DC machine can be

easily controlled by the field and armature current. Therefore, a DC machine has fast

response and four quadrant operation with high performance is easily achievable. For
the applications where the variable speed is essential, DC machines and wound rotor
induction machines had to be used in the past because their speed could be controlled.
In particular, the separately excited DC machine has been used in applications where
there was a requirement of fast response and four-quadrant operation with high
performance near zero speed. However, DC machines have certain disadvantages,
which are due to the existence of the commutator and the brushes. That is, they require
periodic maintenance; they can not be used in explosive or corrosive environments;

they have limited maximum speed of operation due to commutator and they have

limited current/torque capability due to commutator [<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>