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INTRODUCTION
GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new@srning or theory you will
embrace the concepts more readily.

Purpose

port the treatments
hich may be

Conveys new material to you in a straightforward
in this section you are strongly advised to follow the
useful documents or applications on the web.

Theory

uilding order. Make
t then you might like to

The examples/worked examples are pres
sure you follow them all through.

Challenge

Video
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Construction

The two basic components common to both motors and generators are;

= Rotor —the spinning part at the centre
= Stator — fixed part which surrounds the rotor

Other components of motors and generators are;

= Bearings —these provide physical support for the rotor
= Air gap — the space between the rotor and stator

=  Windings — usually copper coil placed around both the stator and ro
= Magnets — these can be found in either or both the stator and ro
= Slip rings and brushes — present on some types

The overall construction principle for a generator and motor is shown in figure

Mechanical energy

Mechanical energy
input is converted
into electrical
energy.

Back emf generated
by turning of
MOtOr.

Voltage —
applied to
maotor.

Figure 2 An AC generator powering an AC motor
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S

Figure 6 Series wound brushe tor

Shunt wound
This type has the field winding connected in pa ith th or winding. It can deliver increased torque,
without a reduction in speed, by incrgasing the rref®. This type of motor is suitable for lathes,
conveyers, grinders and vacuum cle

S

Figure 7 Shunt wound brushed motor
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AC Motors

Synchronous

These motors have their speed of rotation synchronised with the frequency of the supply current, with the
speed remaining constant with changing loads. Constant speed operation means that these motors find uses
in robotics and process control.

Stator

3-phase
Supply

Asynchronous (Induction)
These are the most common types o

Figure 12 Induction motor

Single Phase
Single phase induction motors find uses in low-load applications such as household appliances.
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Self-excited
The generator produces its own current to energise the field coils. As for motors, we may have series, shunt
and compound arrangement for the field and armature windings.

',

@

'. Shunt

’ s

) field
Armature Y

>

@,

K Voltage

O regulator

AC Generators

These can be categorised as either;

» Synchronous generat
* Induction generator

Synchronous generator
The coil is conne d the load is connected to brushes which rest on these slip rings. The
slip rings are a that every 180 degrees of rotation sees the current direction reversed
in the load; he i nerated.

Loop
Q %
Slip rin:i\\- \I\ /// P\
l“ a0 U

External
circuit

External
rotator Brushes

Figure 15 Synchronous AC generator
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This is used when a star/delta starter will not provide enough starting torque. The autotransformer has just
one winding per phase and one or more tapped points on each winding are used in succession, from lower
voltage to higher voltage, until the motor reaches its rated speed.

Resistance or Reactance Starter

Placing three appropriately valued resistors or inductors in series with the motor, it is possible to reduce the
starting current to any desired value. The downside here is that the starting torqugis also reduced. Once the
motor has reached full speed the resistors/inductors are shorted out with co

Solid-State Soft Starter

This is a widely used starting method which allows for a smooth ease in both cutrent and torque. The
smoothness of starting prevents sudden jerks in the rg _ ng some sensitive loads.
Semiconductor control circuitry and an arrangemegf§o ors is used to facilitate the
smooth starting.

Quantification of In ion r Parameters

Rotor Voltage

Let us allocate som ipts to various quantities...

E, Rotore.
N, Number of turps o tor winding

N, Number of turns on rotor winding

When the rotor is at a standstill...

N,
Ez = (_) E1
Ny

The rotor e.m.f. when running (E,.) is proportional to the slip, s, therefore...

ET = SE2
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Synchronous speed and rotor speed

Let...

ng, = synchronous speed

n, = rotor speed

Efficiency and Power

Efficiency, n, can be quantified as...

The main losses in an inductg tor are;

= Stator losses

=  Friction

Torgque

Let...
R, = Rotor resistance
X, = Rotor reactance

m = number of phases
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