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CHAPTER ONE

Learning outcomes

e State the principle by which machines convert mechanical energy to electrical energy.

e Discuss the operating differences between different types of generators and motors.

e Understand the principle of dc generator and dc motors.

Advantages of Using Electrical Motors

« Economical Operation: can work continuously

« Efficient: efficiency ranges from 65 to 95 percent

« Long Life: 20 to 30 years with proper care

« Ease of Operation: special skills not required

« Safe: if properly used

«  Quiet Operation: when properly applied and installed

« Automation: can be automatically and remotely controlled
« Adaptable: light, compact, easily moved

« Available: standard bases, sizes, wiring equipment, etc.




Basic principles of operation of electrical machines

Two related physical principles underline the operation of generators and motors.

1. The first is the principle of electromagnetic induction discovered by Michael Faraday

If a conductor is moved through a magnetic field, a current is set up or induced in
the conductor

Input —{ Generator |— Output

Mechanical energy Electrical energy

2. The converse of this principle of the electromagnetic reaction, first discovered by

André’” Ampere.
If a current is passed through a conductor located in a magnetic field, the field exerts

a mechanical force on it.

Input — Motor —> Output

Electrical energy Mechanical energy




Classification of electrical machines

AC machines
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CONSTRUCTION
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Cylindrical-Rotor Synchronous Generator

=Cylindrical rotor



Operation Principle

The rotor of the generator is driven by a prime-mover

4

A dc current is flowing in the rotor winding which
produces a rotating magnetic field within the machine

4

The rotating magnetic field induces a three-phase
voltage in the stator winding of the generator



Production of induced force on a wire.

A current carrying conductor present in a uniform magnetic field of flux density B, would
produce a force to the conductor/wire

F =ix(IxB)

| — Represents the current flow in the conductor
| — Length of wire, with direction of | defined to
be in the direction of current flow.

B — Magnetic field density

Right-hand rule for determining the direction magnetic-field component of the Lorentz force

.
B a/\




The linear DC motor

The DC linear machine is a fairly simple device
It can be used as a motor or a generator,

Diagram of circuit

I=0s
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The DC source supplies a voltage to produce current through the wires in the circuit.

How it works?

e The resistor helps to reduce the voltage from the source, so that the circuit is more stable and doesn’t overheat.
e The track or the bar that is in the magnetic field is the object or load that moves down the pair of conducting wires.

e The force induced is caused by electrical current perpendicular to the magnetic field.

e The direction, in which the bar moves, is dependent on which direction the magnetic field is and the current direction.



Equations

Force on a wire in a magnetic field: F= i.(| X B)

Voltage induced on the wire: €ig = (V X B).l

n

Kirchhoff’s voltage low yields: Vg =€, +RI

Newton’s law: F =ma

The speed of the bar moving Vs =



Exercisel. A linear machine has a magnetic flux density of 0.5 T directed into the page, a resistance of
0.2 jflaharlﬁngﬂli—lﬂmandabaﬂen vu::ltagenflll}l}"i,

{a) What 15 the mitial force on the bar at starting” What 15 the mutal current flow?
(b} What 15 the no-load steady-state speed of the bar?

fc) If the bar 15 loaded with a force of 25 N opposite to the direchon of motion, what 15 the new steady
state speed? What 15 the efficiency of the machine under these ciorcumstances?

0

0250 §
W=
'-,1- _

e
k.,

N

Vy = 100V = | m

/

Solution ’

(a)The cuarent m the bar at starting 13

Att = 0sec —H«*ﬂ,.= 0 —e,; =0. Therefore V; = RI__,. I = Vs _ 100 — 400.4

Therefore, the force on the bar at starting 1s: &0

F...=1.,.xB)=400x(1x0.5)=200Nm, to the right

13



(b)The no-load steady-state speed of this bar can be found from the squation

- V 100
I,.=z=0—=R, <<e,, >V, =e,, Vy=e,,=Vv.xBxl >v, =—2_= = 200m / sec
Bxl 05x1

{c) With a load of 25 N opposite to the dlrectmn of motion, the steady-state current flow m the bar wall
be given by: _ I = fﬂ

F 3
F =F =1 xlxB—], =—%= 2

= = =504
@wp ~ind IxB 1x0.5

The mduced voltage i the bar will be:

e, =V, —RI =100—0.25%50 =875V

And the velocity of the bar wall be:
v = Eiud — 8?‘5
© Bxl 05x1

The mput pnwei'tn the linear machine under these conditions 1s:
P =T, =I =100x 50 = S000/"
The output power from the linear under these condifions 1s:
P =e;xI=875x50=4375W

our

=175m/ sec

14



Therefore, the efficiency of the machine imder these conditions 1s:

P P 4375
— ow = Zow 100 =
m="Ek100 n= =

L

= 100 = 87,5%

o
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Angular posifion. #

Angular speed Q@ = j—f{md /sec)

Torque, TINm) T, =rxFxsiné

Work, W rr=jr:<df? W=Txg
Power, P p_dW _diTe)_-de)_, o

dt dt dt
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Exercise 2 A force of 10 N is applied to a cylinder, as shown in Figure 3. What are the magnitude and direction of the torque produced on the cylinder?

SOLUTION: The magnitude and the direction of the torque on this cyvlinder is-

T,,=rxFxsin@=(0.25m)x(10N)xsnl120 = 2.16Nm
The triangle 1s a 30-60-90, so the 8 needed for the calculation will be 180°-60°=120°
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Eeview
Q1. What are the three basic types of ac motors?

R1. Umversal motors, synchronous, mduction
Q2. Universal motors are generally used to operate what type of equuipment?
R2. To power small ﬂpp]lm::es

Q3 "il-’h}rwe call umiversal motors?
3. They nperatennﬂthﬂac n::nr::ln:

i d TT ™ a

Q4. What determines the mumber of field poles required to establish a rotating magnehc field in a
nmiltiphase motor stator?

R4. The mumber of phases m the applied voltage

Q5. What is the angular displacement between field poles in a two-phase motor stator?

RS 90°
Q6. What 15 the major difference between a two-phase and a three-phase stator?

E.6. Number and location of field poles
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Q7. What requarement 15 the synchronous motor specifically designed to meet?
BT Cnnstﬂnfwea:lm:[ujmd h} some loads
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