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SUMMARY

Power factor is of big concern to electricity
ntilities for well lkmown reasons. The problem of
power factor evaluation of induction motors when
operated under variable speed conditiens, has not been

congidered yet.

Two cases of supply voltages ars handled, theee
are; constant frequency constant voltesge and variable
frequency variable voltage sources, keeplng motor

Tlux virtuelly constant.

Conventicnal power and power factor meters can
not trace the fast and continuglly varying electrical
gquantities, under transient conditions owing to their
limited frequency renge and slow spsed of response.
The problem becomes more severe when the motor is
gupplied from a varisble frequency voltage converter
due %o presence of distorted current and voltage wave-

forms.

4 recent trend has been toc use static transdu-
cers to calculate power from the voltage and current

signals.
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This thesis presents a method by which a complete
tronsient anglysis is made for the motor and ite conne-
cted mechanical load during a specified load duty cycle.
The voltage and current waveforms are plotted versus
time for the whole load cycle. A good egtimgtion for
the power factor is mede by detecting the points of
positive golng zerc crossing on the voltage and current
wavefoerms. The cosine of the resulting phase angle
displacement al each cycle against {ime represenis the
trangient displacement factor pattern which repeats
itgelf upon the completion of each load cycle. 4n
effective power factor can be calculated for the drive,
from the obtairned pattern which depends cn the nature

of the mechsnical load.

Since the set of differential equations of the
induction motor and its mechanical load, are nonlinear
when motor speed varies substantially, = numericsl

method is needed.

Phe theorsetical results are obtained using two
methods; trensition matrix method and Runge-~Kutta
method modified by Gill. Both methods gave the same
results. However, moat of the calculations are mads

by the first method since it uses relatively smaller

computing time.
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The researcher persued the experimental work to
confirm the effectiveness of the theoretical results.
Transient currents, voltages, speed and torque are
recorded during motor accelerstion under leoad end no
load conditioms. A torductor menufsctured by ASEA is
ugsed tc trace motor torgue. A dugl-chamnel ocscillos-
cope is used to reccrd two variebles at a time. To
extend the time basse for the current and veoltage wave-
forms for easy compariscn with the ftheoreticel results,
a visicorder menufectured by HONEYWELL is ugsed for
this purpose. Thecoretical and experimenial results

showed good agreement.

The method presented here to evaluste the oversll
power factor during speed veriations, though simple
proved very effective. 4 microcomputer and knowledge
on motor data and load duty cycle are encugh to evelu-
ate the effective walue of power factor. Algo, the
thegis shows that motor overall power factor is much
better when cperated from a variable frequency voltage
source rather than from a constant frequency veltage
gource, as for as variable speed cperation is concer-

ned.
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NOMENCLATURE
1, 2 guffixea denoting stator and rotor, respe-
ctively.
d, g suffixes denoting sxes rotating synchro-

nously with supply frequency.
ingtantaneous flux linkage.

differential operstor, d/dt

o e

number of poles.

m number of phases

Tr registance

t superscript dencoting transpose of matrix

a, b, ¢ phase quaniities in stator windings

A, By C phase quantitiea in rotor windings

i ingtantaneous current

v instantansous veoltage

e electrical angle dencting instsntaneous
rotor position, radians

W gngular frequency of supply voltage,
rad/s.

T iteration interval, seconds

Lll’ L22 gelf-inductances of three-phase stator
and rotor circults, respectively.

Lab’ Lbc’ Lac mutugl inductance between ststor phases.
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LA.B’LBG’I'JG.G mutual inductance between rotor phases.
le mutual inductance between three-phase

stetor and rotor circuits.

T, external load torgque.

J inertia of motor and comnected load.
b coefficient of frictiom.

W, mechanical speed, rad/s.
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ABSTRACT

The problem of evaluating an effective value for
the power factor of an induction motor driving a loed
with known load duty cycle i1s not solved yet. Examples
of such logds are motors operated from conventional ac
supply with frequent starting and stopping loads such
ad lifts gnd holsts alsc, inverter fed induction
motors driving variable speed loads such a&s printing
machines and machine tcols. Seversl large thyristor
ingstallaticne sre now in operation throughout the
world, without paying operational penalities due to
poor plant power factor. Induction motors operating
under these conditions may cause very pocr effective
power factor at the power lines feeding them.
Unfortunately electric megsuring devices would noct
respond to fast changes in voltages and currents and
their high order harmonics due to device limifed
frequency range. The thesis presents a scheme by
which varying transient power factor c¢can be celcula-
ted for variable speed induction moter drive as
funeticn of $ime. The resuliing power factor petltern
can be ugsed to define an effective power factor acco-

rding to which a new tarriff system can be implemented
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to take into mccount the hidden reduction in power
factor for such induction motor operating conditions.
Two cases are tregted in this paper, namely, motors
uging direct switching Yo conventional ac supply snd
motors fed from varieble frequency inverters. The
Trangition-Matrizx method is used to numerically
solve the non-linear differential equationas of the

motor and its connected mechanicagl load.

T
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GHAPTER (1)

INTROLUCTION

Primerily, induction motors have been considered
as constant speed drives, and the great mejority of
their applicaetions depend on constant supply freguency.
The advent of high-current &ransistors and silicon
controlled rectifiers gnd their use in inverters end
cycloconverters has ended the limitations of an indu-
¢tion machine for congstent speed service and a new era
sitarted for the induction moters for controlled varia-
bhle gpeed applications. Then, by using soclid-state
freguency changers to supply power to induction
machines is now finding applications in many aressg,
which previocusly hed been the private domsin of the
d.c. machine. The egse of designing modern controlled
semi-conductors devices and tneir relisbility made it
useful in inverters gnd cycloconveriers which hgve
resulted in the constantly increasing applications of
induction machines in wvariable speed drive systems.
Starting conditicns of an electric drive in & composite
load is a process of transition of the motor and the
gasociated machsnicgl load. Starting of mofors forms
an important part of their operating conditiona. When

designing an electric drive and choosing the corresponding
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