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Chapter 0 Introduction

0.1 The role of electrical machines in our lives

Electrical energy is the most widely used secondary energy and it is suitable for mass produc-
tion, centralized management, long-distance transmission, flexible allocation and automatic control.
Electrical machines are mechanical energy conversion machineries associated with production, trans-
formation, distribution, utilization and the control of electrical energy; it plays an important role in
various areas of the national economy.

1. Electrical machines are the main equipment in the production, transmission and dis-
tribution of electrical energy

In power plants, the rotation of rotors in generators is driven by steam turbines, hydraulic tur-
bines, diesel or other power machineries. Rotors are used to convert mechanical energy, which has
been converted from primary energies (fuel combustion heat, the potential energy of the water, the
nuclear fission of atomic energy, wind energy, solar energy and tidal energy, etc) to electrical ener-
gy. Since the generator plays a critical role in the production of electricity, it is the most important
electrical equipment in the power systems. In general, power plants are far away from load centers;
therefore,, high-voltage transmission is adopted in order to transmit power to remote places economi-
cally. Voltage of generators ranges from 10. 5kV to 20kV and the typical transmission voltages are
110kV, 220kV, 330kV, 500 kV or higher. So step-up transformers are needed to increase the gen-
erator voltages before transmission. In China, the common values of high transmission voltage are
110kV, 220kV and 500kV. It can even go up to 1000kV. When electricity power reaches the load
center, for the safety reason, various step-down transformers are needed to reduce the transmission
voltages. The total capacity of transformers required by the power system usually is 7 to 8 times of
the total capacity of the power generation equipment. Therefore, generators and transformers are the
main electrical equipment in power planis and substations in the electric power industry.

2. Electrical machines are the motive equipment of the production machines and equip-
ment

Various types of electrical machines are widely used in industry, agriculture, transportation and
everyday life to drive production machines and equipment. In the machinery industry, for example,
workhorses are driven and controlled by one or more electrical motors of different capacities. Grinder
motors have a rotational speed of several tens of thousands per minute or even higher. Some machine
tools need multi-speed motors. In the metallurgy industry, blast furnaces, converters and open-
hearth-furnaces need more than one motor to drive. A large rolling mill may need a 5000 kW DC
motor or even higher powered motors for proper functioning. Almost all machines in the world need a

variety of AC and DC motors to be prime movers today. Machines can be used for different purposes
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such as power irrigation, sideline products processing in agriculture, blowers, crane, transportation
and transfer in enterprises, mining and more transport equipments, urban rail transport, Maglev,
high speed train traction, electric vehicles, papermaking machinery, medical equipment, as well as
household appliances.

3. Electrical machines are an important element in the automatic control systems

With the development of science and technology, the level of automation in industry, agricul-
ture and national defense facilities has continued to rise. Various control motors are used as detec-
tors, amplifiers and solver components. Such motors are usually with small power, wide variety of
output and high precision. Artillery and radar automatic positioning, satellite launch and flight con-
trol, the ship rudder automatic control, automatic control of the machining,  the operation control of
the computer, automatic recording instruments monitoring all depend on various control motors.
Therefore precision control motors of different capacities are important elements in the whole auto-
matic control systems.

An electrical machine is an electromechanical energy conversion device. When it is used to
convert mechanical energy to electrical energy, it is called a generator. When it is used to convert
electrical energy to mechanical energy, it is called a motor. Since all electrical machines can convert
one type of energy to another, they can be either generators or motors.

In an electrical machine, there are magnetic circuits and electrical circuits that produce induc-
tion electromotive force and torque according to the electromagnetic induction law and the law of

electromagnetic force to achieve electromechanical energy conversion.

0.2 Types of electrical machines

Electrical machines can be classified into four types according to their functions.

1) Generator; a device that can convert mechanical energy to electrical energy.

2) Motor; a device that can convert electrical energy to mechanical energy.

3) Transformer, phase shifter, frequency machine, variable flow machine: devices that can
convert electrical energy to other forms of electrical energy, namely voltage, phase, frequency, and
current of electrical power.

4) Control motor: part of the automatic control systems. It is used to generate and transmit sig-
nals. It can also be used as a servo element.

Depending on the type of applied current, rotating electrical machines can be divided into two
types: DC machines and AC machines. AC machines can be further divided into three types: syn-
chronous machines, induction machines (also called asynchronous machines) and AC commutator

machines.

0.3 Materials used in internal structure of electrical machines

Materials used in electrical machines can be classified into the following four categories.

1) Electrically conductive materials: They are used in the electrical circuit system of the elec-
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trical machines. In order to reduce line losses, conductive materials of small resistivity are used.
The most commonly used materials are copper and aluminum.

2) Magnetically permeable ( ferromagnetic) materials: They are used in the magnetic circuit
system of the electrical machines. In order to produce a strong magnetic field and reduce the iron
losses, the magnetically permeable materials should have a high magnetic permeability and low iron
loss coefficient. Silicon steel is commonly used in AC magnetic circuit while steel plate and cast
steel are used in DC magnetic circuit.

3) Insulating materials: They are used as the isolation bodies between conductors and iron
cores. High dielectric strength and high heat-resistant strength are essential qualities of the materi-
als. Insulating materials of electrical machines are divided into five insulation grades: A, E, B, F,
and H. Their maximum working temperatures are 105°C , 120°C, 130°C, 155°C, 180°C respective-
ly.

4) Structural materials: They are used to support and connect all members of the machine.
Materials with good mechanical strength, and light weight and easy to process are used, which are

commonly cast steel, cast iron, steel, aluminum and engineering plastics.

0.4 Magnetic circuits

0.4.1 Magnetic fields

Magnetic fields are the fundamental mechanism by which energy is converted from one form to
another in all electrical machines.

There are four basic principles to describe how magnetic fields are used in electrical machines:

1) A current-carrying wire can produce a magnetic field in the area around it.

2) A time-changing magnetic field can induce an Induction Electromotive Force (emf) in a coil
of wire when it passes through the coil. (Transformers are based on this principle. )

3) A current-carrying wire experiences an induced force in the presence of magnetic field.
(Motors are based on this principle. )

4) A moving wire experiences an Induced Electromotive Force (emf) in the presence of mag-
netic field. ( Generators are based on this principle. )

Some specific quantities are used to describe magnetic fields, such as flux density B [ Tesla,
T], magnetic field intensity H [ Ampere per meter, A/m |, magnetic flux @ [ Weber, Wb |, mag-
netomotive force (mmf) F [ Ampere turn, A |, magnetic reluctance R, [ Ampere-turns per Weber,
A/Wb, H™'], magnetic conductance ( permeance) A, [ Henry, H], and magnetic flux linkage ¥
[ Weber-turn |.

1. Specific quantities used in magnetic fields

(1) Flux density B [ Tesla, T]

A current-carrying wire can produce a magnetic field in the area around it, and the flux density
is used to describe the strength and the direction of the magnetic fields.

(2) Magnetic field intensity H [ Ampere per meter, A/m ]



