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BASIC ELECTRICAL ENGINEERy .

(iii) A coupling field.

The energy transfer equation 1s
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The electrical energy loss is the heating loss due to current flowing in the winding of the energy
converter. This loss is known as the /2R loss in the resistance R of the winding. The field loss is the ¢ore
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Fig. 8.1 Electromechanical energy conversion system

loss due to changing magnetic field in the magnetic core. The mechanical loss 1s the friction and

windage loss due to motion of the mechanical components. All these losses are converted to heat. In
view of the losses, the energy balance Eqn. (8.1) can, therefore, be expressed as

( Electrical energy | [ Mechanical energy

[ Increaseinstored
| input from source | = | output + friction | + | field energy + core .(8.2)
. resistance loss and windage loss | { loss

J
Let us now consider a differential time interval df during which an increment of electrical energy

dW, (excluding the i°R loss) flows to the system. During this time a7, let d Wfbe the energy supplied to

the field (either stored or lost, or part stored and part lost) and ¥ the energy converted to mechanical
form (in useful form or as loss, or part useful and part as loss).

For the lossless magnetic energy-storage system, Eqn. (8.2) in differential form (for small energy
changes) becomes

dW,= dW, +aW, .(8.3)
where dW_ = Differential electric-energy input
dW = Differential mechanical-energy output

dW,= Differential change in magnetic stored energy

The core losses are usually small, and if they are neglected, @/, will represent the change in the
stored field energy. Similarly, if friction and windage losses can be neglected, then all of ¢ W will be

available as useful mechanical energy output. Note that the losses do not contribute to the energy
COnversion process.
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LT y translate electrical input to mech
the process of translation is know

anical outpyt o

'nas el ectromechanicg)

as rotating machines
Tents of if the energy

1t. The called alternating current if
their outputs are periodic of if their primary energy Input comes from a source of alternating
current.

either as a generator or a motor However, both generator and motor actions are

present i a machine irrespective of whether it Is being used as a generator or motor. In other

words, in case of a motor which produces mechanical torque, electromotive forces are generated

In certain parts of the device due to motion. Similarly, while the generation of electromotive force
1s the function of a generator, a mechanical torque which opposes motion is produced in certain
parts of the machine.

® There are three types of applications of rotating machines: (
supply electrical energy to homes and industries. (77) As
mechanical devise such as fans, pumps, etc. and

control system; here machines are used as positioning devices and/or conveying information from
one part of the system to another.

i) As generators. they are used to
motors they are used to drive or turn
(iit) As servomechanism devices they used to
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can be made to operate as a generator as
well as @ motor.

As shown in Fig. 8.14 the two
systems, electrical and mechanical, are

fifferent in nature. In the electrical system,
the primary quantities involved are voltage
and current, while the analogous quantities

1 the mechanical system arc torque and

speed. The coupling medium between

olectromechanical energ

these machines the conversion 1s reversible.
qversion is from electrical to mechanical, the
d to be motor. Hence the same machine

Fig. 8.14 Electrical energy conversion
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Fig. 8.15 Coupling field between electrical and mechanical systems

these different systems is the field, as illustrated in Fig. 8.15.

Electrical machines such as direct current, induction, and synchronous are used extensively for
y conversion. In these machines, conversion of energy from electrical to

mechanical or vice versa results from the following two electromagnetic phenomena:
| When a conductor moves 1n a magnetic field, voltage is induced m the conductor.

7. When a current-carrying conductor is placed in a magnetic field, the conductor experiences a

mechanical force.

These two effects occur simultaneou

to mechanical or vice versa.

(a) Inmotoring action, the el
placed 1n t

sly whenever energy conversion takes place from electrical

ectrical system makes the current flow through conductors that are
he magnetic field and a force 1s produced on each conductor. If the conductors are

placed on a structure free to rotate, and electromagnetic torque will be produced which will

tend to rotate the rotating structure at som

e speed. If the conductors rotate in a magnetic

field, a voltage will also be induced In each conductor.

(b)

In generating action, the process IS T
driven by a prime mover (such as tur
conductors that are rotating with the rotor.

aversed. In this case, the rotating structure, the rotor, 1S
bine or diesel engine). A voltage will be induced 1n the
If an electrical load is connected to the winding

formed by these conductors, a current 7 will flow, delivering electrical power to the load.

Moreover, the current flowing through the conductor will

interact with the magnetic field to

produce a reaction torque, which will tend to oppose the torque applied by the prime mover.

‘Note that in both the motoring and generating actions,
Producing a torque and an induced voltage. The
synchronous), which depend on electromagnetic energy conversion, are ex
JEEs

the coupling magnetic field 1s involved In

basic electric machines (direct current, induction and
tensively used in various



