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PREFACE

The thesis is based on the resuvlts of the author's
indepondent investigations in the Department of Electrical
Engineering, Indian Institute of Technology, Delhi, carried
out during the period Sent!'72 - Feb'76, The main objective
of these investigations was to obtain feedback controller
structures for regulating the speed and torque of a three-
phase slip ring induction machine by making use of the linear
quadratic regulator theory. While, it seemcd possible to

[
develop a state variable model for the nack..ne directly, it
was found analytically more convenient to apply a d-q axes tfans—
formation. This trensformation, in effect, reduces the
dimensions of state and control varisbles and also converts
the time varying model of the actual machine into an time
invariant cquivalent model., However, the output.varigbles
nemely speed and torque of the equivalent machine are the
same as those of the actual machinc, so that the performance
analysis in terms of equivalent machine is indicative of the
performance of the actual machine also. Once the results are
obtainqd on the basis of the time invariant model, scheme of
implémentation‘of the control solution on the actual
machine using timevvarying feedback gains can be developed.,

I shall 1like to take this opportunity to record my
sincere thanks te my supervisor Prof.A.K.Mshelanabis, for

his effecctive guidance and encouragement all through the
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progress of this works I also acknowledge many helpful
discussions with Dr.A.K.Sinha, Dr.K.K.Biswas, Dr,H.C.Agarval,
Dr.S.V.Rao and Mr.M.A:Mathew on various aspects of the
investigations.

I am grateful to the authorities of the Aligarh Muslim
University and to Prof. Jalaluddin for giving me leave and
encouraggement for undertaking this research. Finally, I
express.my sincere appreciation to my wife, Prabha, for her |
paﬁience, understanding- and constant encourggement during this

WOIK,

New Delhi, Raj Kumar Gupta
February,1976
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ABSTRACT

This thesis describes the results of the candidate's
investigation on the problem of regulator design for speed
and torque controls of three-phase slip-ring induction motors.
It is proposed that feedback regulators for such machines can
be built by making use of the linear quadratic regulator theory.
Tﬁe vericus results reported are spread over six chapters whose
cﬁntents are as follows,

The first chepter is an introductory chapter. It starts
with a discussion on the pfoblem of setting up of a suitable
state variable model of the three-phase slip-ring induction
motor. It is shown that starting from the voltage-current
relations available in the liferature, time invariant, linear
- state model can be developed if one takes the synchronously
rotating d-q ax®s as the frame of reference., The second part
of this chapter is concerned with statements of the various
situations deeslt with in the rest of the thesis,

In chapter-2 we deal with the problem of experimentally
verifying the theoretically derived state model of a specific
machine. A common criticism of results based on optimal
control theory is that the basic model involves a iot of
idecalisations. The state model derived in Chepter-1 is,
of course, based on several simpiifying assumntions. It wac,

therefore,.felt necessary to check the vellidity of the model
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through experimentation. Results oflparameter estimation
through Kalman-filtering techniques for a specific machine
are discussed.

The problem of speed regulation of the machine studied
in chapter-2 is discussed in chapter-3., Constant-gain state
feedback schémes for maintaining the Speed at a preassigned
value is developed by making use of the infinite time linear
quadratic regulator theory. The proposed scheme is tested
for the experixhental machine by simulating it on a digital
computer. Effects of changing the weighting matrices of the
cost-function on the transient response of the controlled system '
are also 1llustrated.

Chapter-t is concerned with the problem of torque-
regulation of the same machine. Feedback control schemes
are again developed on the basis of infinite time linear
quadratic regulator theory. Results are also presented on the
basis of simulation studies.

Chapter-5 presents the modifications:- necessary in the
proposed control schemes in order to-take care of unknown
but constant disturbances in the system, Proportional
state and integral output feedback schemes.for the machine
under study are developed on the basis of Smith and Davison's
approach. The results are illustrated by simulation studies

for both the speed and torque control cases.
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In chapter-6, we study the modifications necessary
in the control scheme for achieving control by feeding
back the output alone., We make use of the technique of
Kosut to develop desired outﬁut feedback controllers. The
results are again illustrated through simulation studies.
The main results are summarised in chapter-7, where
some suggestions for further studies including the possible
scheme of implementation of the proposed control schemes

are given.
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