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The thesis deals mainly with one of the most economical
snethod of control, which uses anti-parallel thyristor/diode
configuration Ln stator side. The system has been built and

realized axperimentally.

The thesis contains six chapters as follows i

The first chapter is an introduction to the classical
methods and the modern technigues of speed control of in-
duction motor. Principles and assumptions on which the ana-

lyses of the thesis are based, are explained in this chapter.

Chapter two presents the analysis of the system using
anti-parallel thyristor pairs in the stator side.The rejation
between the firing angles and gxtenction angles is also
studied, The analysis of the system using anti-parallel
thyristor/diode are given in chapter three by two diffevent
approaches. This chapter contains also a complete analysis

of harmonic contents of the motor current and voltage.

Chapter four presents a design of a modern firing cir-
cuit required for the used thyristors. The firing circuit is
built using the technique of integrated circuits. This chapter
refers also to the design of the needed stabilized power

supplies.

Chapter five includes the experimental results contain-
ing the performance characteristics of the system in different

modes of operation.
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Chapter six contains the conclusion of the main results

and recommendation of research work,
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phase difference between the phase volt-
and current.

firing angle of the thyristor.

hold off angle of the thyristor.
extinction angle of the thyristor.

hole interval.

period of 3-ph state.

period of 2-ph state.

periocd of O-ph state.

Park-vector of the applied supply volt-
{phase).

Park-vector of the phase current.

Central Library - Ain Shams University



U : The pick value of the supply voltage(phase).

1 : The pick value of tha phase current.

T : The time constant of the equivalent circuit
of the induction motor.

The synchronous angular velocity of the

.

supply voltage.
Im : The imaginary part of the equation.
Re : The real part of the equation.

Chapter (3) :

Uq» uq . The direct and quadrature components of
the supply voltage Park-vector respectively.
ig iq . The direct and quadrature components of
the current Park-vector repectively.

Ido'Iqo: The initial values of (Id), (Iq) respectively.

t , t. : The initial and final instants of the 3-ph

state respectively in 3-2ph mode of operation.

rt
[

The final instant of the 2-ph state in 3-2ph
-~ mode of operation.
e, £ 00 The initial and final instants of the 3-ph

state respectively in 2-0 ph mode of operation.

o+
N

The final instant of the O-ph state in 2-0 ph

mode of operation.
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The fundamental comp<onent of the phade

1
current.
In The harmonic, ot order (n), of the phase
current.
R : The r-unit values of R X respectivel
' pe eq’ “eq | Y
Gl : The fundament component of the supply voltage.
Gn The harmonic, of order (n}, of the supply
voltage,
Chapter (5)
pi/p The input power to the induction motor
Vph : The phase-value of the applied voltage.
Iph : The phase current.

i/p P.F.:The input power factor of the induction

i/p

th
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motor.
The input reactive power to the induction
motor.

The thyristor voltage.

The output mechanical torque of the induc-
tion motore.

The speed of the induction motor.

The output power of the induction motor.

The efficiency of the induction motor.
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CHAPTER (1)

INTRODLDUCTTIUN

The d.c. machine finds wide application in variable
speed drives because its speed can be efficiently control-
led by adjusting its voltage. It does, however, have the
practical disadvantage of employing a commutator and brush-
gear, which is relatively expensive and requires periodic
maintenance. Moreover, the use of a commutator makes the
operation difficult with voltage or currents beyond a certain
practical limit, Furthermore, the commutator actually pre-
cludes the use of a d.c. motor in certain extreme environ-

mental condition.

The induction motor, on the other hand, does not require
a commutator. As a result, it is generally considered less
expensive than the d.c. machine., It i8 much more robust

mechanically and therefore much less in need of maintenance.

Apart from its bearing the induction motor has no comp-
onent exposed to wear, It is almost free from current carry-
ing moving contacts. Moreover, it has a high power /weight
ratic especially at high speeds. So the induction motor is

the most extensively used of all other types of a.c., motors.

fl

uUnfortunately, the speed control of the induction

motor is not flexible and is closely dependent on the
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supply fregquency which 18 not casily varied,

1.1 Classical methods of speed control of the induction

motor s
Various means for controlling the speed of a.c,
induction motor connected to fixed frequency supply have
been deviced. Although these classical methods are satis-
factory within their own limitation, they are either in-
efficient or not generally applicable to a drive which is
required to provide a high performance over wide range of
load and speed. Some of these classical methods are the

following:

1.1.1 Rheostatic control :

This can be applied only to motors with wound rotors,
Resistance 1s included in the rotor circuit and the speed
depends on the amount of the additional resistance per
rhase. Actually, the percentage slip 1is equal to the per-
centage rotor coppor loss. If the motor ig working at a
congtant torqua, the current will be sensibly constant,
and the drop of speed below the synchronous speed will be
proportional to the extra resistance per phase. Therefore
there 1is a wast of power using this method of control
especially if speeds much below the synchronous speed are
required. A further disadvantage is that with automatic
speed control, a servo motor is used to vary the external

resistances,

v
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1.1.2 Changing the number of poles :

By changing the number f poles, the synchronous
speed and consequently the rotor speed is varied.The simp-
lest arrangement uses a separate winding for each speed
which is related to suit the particular application,
Speeds in the ratio 2 : l(or 3:2) can be obtained by
single winding. The connections of stator coils can
be arranged to give either consatant torgue or constant

power at the two speeds.

1.1.3 Cascade connection:

This method is useful to control the speed of a
wound rotor induction motor., That motor is mechanically
coupled to an auxiliary one of the same type or squiral
caged rotor type. The stator of the main motor is conn-
ected to the supply. The auxiliary motor receives its
power from the rotor of the main motor. If the auxiliary
motor is wound rotor type that power is delivered either
to its stator or rotor sides as shown in Fig. 1.1 . The
e.m.f., of the auxiliary motor is injected into the rotor
of the main motor causing the speed to vary considerably

below the synchronous speed.

Let (Pl, Pz) are the numbers of the pole pairs
of the main and auxiliary motor respectively, (Sl’ 52)
are the respective fraction slips, and (f) is the line

frequency. Then:
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