PERFORM/NCE OF INDUCTION MOTOR ¥ED FROM L

LINE COMMUTATED INVERTER-SYNCHRONOUS MACHINE SYSTEM

by

MoVeS.Se RANGANADHACHART

A thesis submitted to the
Indian Institute of Technology,Delhi
for the awerd of the-degree of

DOCTOR OF PHILOSOPHY

DEP ARTMENT OF ELECTRICAL ENGINEBERLNG

TNDTAN INSTITUTE OF TECHNOLOGY,DELHI

MAY 1983



DEDICATED TO

MY BELOVED MOTHER
WHO ALWAYS ENCOURAGED ME

TO LEARN MORE



CERTIFICLIE

Certified tust the thesis entitled "Eerformance of Induction
Motor Fed from a Line Commutated Inverter-Synchronocus lschine
System" which is being submitted by Mr. M.V.S.5. Ranganadhachari,
in pertisgl fulfilment for the award of the Degree of Uoctor of
Philosophy in the Departrient of Electricel Engineering of Indien
Institute of Technology, Delhi, is a fécord of student's own work
carried out by him under our joint supervision and guidance. The
matter embodied in this thesis has not been submitted for the

sward of any other degree or diploma.

Prof. R. Aroclkissamy Dr. B.P. Singh

Instrument Desigi ‘ Assistent Professor
Development Centre Department of Electricel Enginesring

Indiar Institute of Technology,Delhi
New Delhi 110 016, Indisa



ACKNOWL EDGEFENTS

The work descriked in this thesis was carried out in the
Department of Hiectricsgl Engineering, Indisn Institute of Tech-
nology, Delhi, under the joint supervision of Prof.R.frcockiasamy
and Dr. B.P. Singh, to whom the author is greatly indebted.  The
author wishes especially to thank Dr. B.P. Singh for his valuable
guidance, encouragement and immease help in the preparation of the
thesis and brotherly affection throughout the course of this

research work.

The author wishes to express his gratéfulness to Messrs.
R. Anberssu and Mitin K. Jain of IDDC for their help during the
course of this investigation. Theif friendly nature, ever-
readiness for help in experimental work, discussions and boundless

enthusiasm made this arduous task look simple.

The author is thankful to the authorities of IIT Delhi for
providing the research facilities.  The author takes this oppor-
tunity to extend his sincere thanks to Messrs. Maharben Singh,
MK, Geofge, 2N, Siﬁgﬁ, Mahsvir Singh, Hardyel Singh,R.P. Sharma,
R.P. Tivari and 3,K, Srivastava of the Eﬂ.e;:trical Enginecering
Leaboratory for their susteined help and co-operation during the
entire experimental work.

The author extends his thexnks to Messrs. Bhim Singh, -

M. Madangopalacheri, T.V.3. Balaji oand Ajay Kumar for their help

and co-opereation.



It gives him great pleasure in thenking Mr. Podi. Padmansbhen

Nembiar for his excellent typing of the maruscript.

Mppreciation is extended to the Registrar (Shri M. Gopale~
krishne Reddy), Andhra Urdiversity, Visadhepatnem for sponsocring
the author for wis higher studics, and to the Goverment of India

for the award of scholerslidp wnder the Quality Improvemsnt
y Amng

Programmes.

The author wishes to record his indebtedness to Professor
M.5. Raju, Professor V. Radhakrishna Murtihy, Ur. K.H4. Raju and
P.S. Raju of Andhre University Enginecring College for their
.

inspiretion and encourasgement wirich prompted the author to take
the research work.

The evuthor would like to thank Mrs. and Col. N.Z. Rao for
their help and encouregement, which meade his 3tay in Delhi pleesant
snd memorable.

The author's wife, Vani, aand other members of lhis family,
who have silently tolerated hic disposition durinz the period of

his rosesrch progremms, deserve his heartfelt gratitude.

MeVuS.5+ Ranganedhechari.



ABSTRACT

For the varisble speed operation of the induction motor, the
use of forced commutated inverter or cyclocomverter circuits as a
variable frequency source is well documented. These variable fre-
quency sources are known to provide output waveforms with signifi-
cant harmoric contents. This leads to increased losses and tor-
que pulsations as a result of which, the motor gets derated. The
inverter circuits are of forced commutated type and the risk of
commutation feilure is more. Even though the cycloconverter uses

natural commutation, its spplication is limited to low frequencies.

The major objective of the investigation reported here is tq
eliminate the aforessid drawbacks by using a line commutated inver-
ter (LCI)-synchronous machine (SM) combination as a variable. fre-
quency source. This type of inverter naturally commutates  because
of the availability of three phase voltages from the synchronous
machine. The voltage and current waveforms obtained from this
scheme are near simsoidal as the LCI operates from the mains.
Thus, the clean, near simisoidal voltege and current waveforms
‘fed to the induction motor are encouraging features of this scheme
as the torque produced in this case should be more smooth compared
to that of the forced c‘ommuta'bed inverter schemes. The mein advan-
tage of this scheme is that it is possible to build two different
control schemes around this. The LCI-SM combination can be used

as a varisable speed drive. In addition, the line commutated
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inverter-synchronous machine combination can also be used as a
variasble frequency source from which a single induction motor or
a group of them can be supplied to achieve the variablc speed

operation.

The performances of both the LCI-SM and the LCI-SM~induction
motor systems under steady state and dynemic conditions are studied.
Anelytical models of the system using equivalent circuit spproach
are developed for predicting the steady state and dynemic perfor-
mances. The line commutated inverter-synchronous machine-induction
motor drive system is developed in the leboratory end extensive

tests are carried out on this under different operating conditions.

The steady state performances of the LCI-SM system are pre-
dicted by using the simple steady state equivalent circuits both
for the conduction and the commutation modes of the line commutated
inverterusynchronous machine operation. It is shown that the
speod-forque characteristics of the LCI-SM system closely resemble
the characteristics of a separgtekyexbited d.c. motor. For the
anelytical model of the LCI-SM~induction motor system, the éqpiva-
lent circuits devcloped for the LCI-SM combination are modified by
incorporating the equivalent circuit of the induction motor. ' From
this, a sct of performance equations are established. The steady
state performancc characteristics are obtained by solving these
performance cquations using en iterative procedure and computer

oriented snslysis. Similarly, the steady state performances of



two induction motors fed from the LCI-SM system arc predicted by
cxtending  the procedure wused for the single induction motor case.

Further, the stecady state perforimance of the LCI-SM-inductien motor
system with the capacitor nctwork is &lso studied. It is obscrqu
that the inscertion of the cepacitor impfoves the stcedy state per-

formances of the LCi~SHM-induction motor system. For studying the

dynamic performence, a simplificd d.c. equi;mlont circuit gpproach
has been used both for the LCI-~SM and the LCI-SM-induction motor

systcmse

Extensive tests have bccfn carricd out in the laboratory on
both the LCI-SM and the LCI-SM~-induction motor systems and test
results show a good sgreement with predicted ones. The study
shows thet the LCI-SM system is cepeble of operating as
(i) a varisble specd drive and (ii) a varieble frequency source
from which an induction motor or a group of induction motors can

be fed.
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