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1 INTRODUCTION

We daily use many devices that convert one form of energy into another form.
For example, a heater converts electrical energy into heat energy while an electric
bulb converts electrical energy into light energy. However, electromechanical
conversion devices (i.e., devices that convert electrical energy into mechanical energy
or vice — versa) find wide practical applications. For example, an electric motor
converts electrical energy into mechanical energy. On the other hand, an electric
generator converts mechanical energy into electrical energy. A major reason for the
widespread use of electro-mechanical energy conversion devices is that they are

relatively efficient and permit an easy control.

2 ELECTROMECHANICAL ENERGY CONVERSION

The conversion of electrical energy into mechanical energy or vice versa is
known as electromechanical energy conversion. Electromechanical energy
conversion involves the interchange of energy between an electrical system and a
mechanical system through the medium of a coupling electric field or magnetic field.
Therefore, an electromechanical conversion system has three essential parts, an
electrical system, a mechanical system and a coupling field (electric or magnetic).
Fig. 1 shows the block diagram of an electromechanical energy conversion system.
Note that from left to right, the system represents con-version from electrical to
mechanical. However, from right to left, it will represent conversion from mechanical

to electrical.
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Fig.1 Electromechanical Energy Conversion System.

Email (osamah.jaber.ghayyib@uomus.edu.iq)



Al-Mustagbal University
Department (Medical Instrumentation Techniques Engineering)
Class (3™)
Subject (Electrical Technology)
Lecturer (Dr. Osamah Jaber Ghayyib)
1s%term — Lect. (Electromechanical energy conversion

(1) Electric field as coupling medium. Electromechanical energy conversion
can take place when electric field is used as the medium. Consider two oppositely
charged plates of a capacitor which are separated by a dielectric medium. A force of
attraction exists between the two plates that tends to move them together. If we allow
one plate to move in the direction of the force, we are converting electrical energy
into mechanical energy. On the other hand, if we apply an external force on one plate
and try to increase the separation between them, we are then converting mechanical
energy into electrical energy. Electrostatic microphones and electrostatic voltmeters

use electrostatic fields for energy conversion.

(i) Magnetic field as coupling medium. Electromechanical energy
conversion can also take place more effectively when magnetic field is used as the
medium. Consider the case of a current-carrying conductor placed in a magnetic field.
The conductor experiences a force that tends to move it. If the conductor is free to
move in the direction of the magnetic force, the magnetic field helps the conversion
of electrical energy into mechanical energy. This is essentially the principle of
operation of all electric motors. On the other hand, if an externally applied force
moves the conductor in a direction opposite to the magnetic force, mechanical energy
is converted into electrical energy. The generator action is based on this principle.

Note that in both cases, the magnetic field acts as a medium for energy conversion.

It is important to note that the quantity of energy that can be converted by a
device using electric field as a medium is relatively small. It is because the amount of
force developed by an electric system is usually very small even when the applied
voltage is high and the physical dimensions of the system are quite large. However,
when magnetic field is used as a medium, a system with the same physical dimensions
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develops a much larger force than a system using an electric field as a medium. For
this reason, the use of electric field as a medium for energy conversion has limited

applications.

3 ELECTROMECHANICAL ENERGY CONVERSION DEVICES

Electromechanical energy conversion takes place through electric field or
magnetic field as the medium. Although the various conversion devices operate on
common set of physical principles, the structures of the devices depend on their
function. Electromechanical energy conversion devices can be divided into the

following three categories:

(i) Transducers. These conversion devices are used for measurement and
control. They generally operate under linear input-output conditions and with

relatively small signals. Examples include microphones, pickups and loudspeakers.

(ii) Force-producing devices. These conversion devices are meant for
producing force or torque with limited mechanical motion. Examples include relays,

solenoid actuators and electromagnets.

(iii) Continuous energy conversion devices. These devices continuously
convert electrical energy into mechanical energy or vice versa. They are used for bulk
energy conversion and utilization. Motors and generators are the examples of such

conversion devices.

It may be noted that magnetic field is most suited as a medium for
electromechanical energy conversion. Therefore, in this lecture, we shall deal with

magnetic field as the medium of energy conversion.
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4 FEATURES OF ELECTROMECHANICAL ENERGY
CONVERSION

Electromechanical energy conversion takes place through the medium of

magnetic field. The following features are worth noting in this energy conversion:

(1)  As with any energy conversion system, the principle of conservation of
energy holds good in case of electromechanical energy conversion. That
is energy can neither be created nor destroyed; it can only be changed

from one form to another.

(i1))  During electromechanical energy conversion, various losses occur in the
system. This is illustrated in Fig. 2 which shows the conversion of

electrical energy into mechanical energy.
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Fig.2 Electromechanical Energy Conversion System.

The electrical energy loss (i* R) is due to current (i) flowing in the
winding (having resistance R) of the energy converter. The field loss is
the core loss due to changing magnetic field in the magnetic core. The
mechanical loss is the friction and windage loss due to the motion of the
moving components. All these losses are converted into heat and raise

the temperature of the energy conversion system.

Email (osamah.jaber.ghayyib@uomus.edu.iq)



Al-Mustagbal University
Department (Medical Instrumentation Techniques Engineering)
Class (3™)
Subject (Electrical Technology)
Lecturer (Dr. Osamah Jaber Ghayyib)
1s%term — Lect. (Electromechanical energy conversion

(i11)) Electromechanical energy conversion is a reversible process except for
the losses in the system. The term reversible means that the energy can
be transferred back and forth between the electrical and the mechanical
systems. However, each time we go through an energy conversion
process, some of the energy is used up to meet the losses in the
conversion process. These losses are converted into heat and are lost

from the system forever.

(iv) Electromechanical conversion devices are built with air gaps in the
magnetic circuit to separate the fixed and moving parts. Most of the
m.m.f. of the windings is required to overcome the air-gap reluctance so
that most of the energy is stored in the air gap and is returned to the

electric source when the field is reduced.

(v)  The electromechanical energy conversion system can be analyzed by
using principle of conservation of energy, laws of electric and magnetic

field, electric circuits and Newtonian mechanics.

(vi) The rotating electrical machines (motors and generators) continuously
convert electrical energy into mechanical energy or vice versa. Fig. 3
shows the block diagram of electromechanical energy conversion in an
electrical machine. The primary quantities involved in the mechanical
system are torque (T) and speed (wn,) while the analogous quantities in

the electrical system are voltage (e) and current (i) respectively.
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Fig.3 Electromechanical Energy Conversion System.

5 ENERGY BALANCE EQUATION
An electromechanical energy conversion system has three essential parts, an
electrical system, a mechanical system and a coupling magnetic field as shown in Fig.

2. Since conversion of energy from one form into another form satisfies the principle

of conservation of energy, the energy transfer equation is as under:

(Electrical energy ) B (Mechanical energy) ( Increase in energy ) (Energy) 1)
input from source/ out Stored in coupling field Loss

Eq (1) is applicable to all conversion devices. For motor action, the electrical
and mechanical energy terms have positive values. For generator action, the electrical

and mechanical energy terms have negative values.
During this energy conversion, energy loss occurs due to three causes,
(i) R loss in the winding of the energy converter.
(i1))  Core or field loss due to changing magnetic field.

(111) Mechanical loss is the friction and windage loss due to the motion of
moving parts. All these losses are converted to heat. If the energy losses

in the electrical system, the coupling magnetic field and the mechanical
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system are grouped with the corresponding terms in eq. (1), the energy

balance equation can be written as under:

(Electrical energy ) _ (Mechanical energy) ( Increase in energy )
input from source/ out Stored in coupling field

)

Now consider a differential time dt during which an increment of electrical

energy dW, flows to the system. During this time dt, let dW¢, be the energy supplied

to the field and dW,,, the energy converted to mechanical form. In differential form,

eq. (2) can be expressed as:

dW, = dW; + dW, 3)
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