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Preface

This is the second textbook for electrical installation
work students who are pursuing the City and Guilds
Course 236. Whereas the first volume concentrated on
topics appearing in the Part I syllabus, this volume is
written around areas appearing in the Part II syllabus:
the scheme leading to the award of the Electrician’s
Certificate subject to passing the new JIB approved
achievement measurement test two.

Each chapter, like the previous edition, begins with a
number of objectives intended for easy guidance on
selected topics. Chapter 1 reviews health and safety
requirements and looks at electrical safety from both
the Electricity (Factories Act) Special Regulations
1908 and 1944, and the 15th Edition of the IEE Wiring
Regulations 1981. Safe working procedures and
accident reporting are also included.

Chapter 2 is concerned with communication and
industrial studies and relates to topics around electrical
contracting and site organization. Chapter 3 covers
electrical distribution where ring main and rising main

systems are discussed along with earthing systems,
switchboard instruments and power factor.

Chapter 4 covers semiconductor devices, such as p.n.
diodes, transistors and thyristors, while Chapter 5
provides information on motor installations,
particularly the principles of operation of common
a.c./d.c. types, their starting and speed control.

Chapter 6 deals with lighting installations covering
numerous lamp types, their operation and circuitry as
well as safety requirements. In Chapter 7 a review is
made of inspection and testing together with test
instruments. The final chapter is devoted to a typical
multiple-choice question paper based on 70 items. The
answers to these and other exercises are given at the
back of the book.

It is hoped that electrical students following City and
Guilds Course 232 and TEC students will find this
book of immense value.
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chapter one

Health and
safety

After reading this chapter you will be able to:

1 State the duties of both employer and employee
with regard to the Health and Safety at Work etc.
Act 1974.

2 Explain the requirements of the Electricity
(Factories Act) Special Regulations 1908 and
1944 with regard to the following:

a) apparatus and conductors

b) fuses and automatic circuit breakers
c) joints and connections

d) excess current protection

e) control of motors

f) flexible wires for portable apparatus

3 State the purpose of the IEE Wiring Regulations.

4 Describe safe working procedures on or about
live equipment.

5 Know the procedure for treatment of electric
shock.

Know the procedure for reporting accidents.

Know the procedure for treatment of wounds.

Health and Safety at Work etc. Act

In Electrical Installation Technology 1, reference was
made to the Health and Safety at Work etc. Act 1974.
The Act was a result of recommendations made by a
Royal Commission in 1970 which looked at the
whole field of health and safety at work and came to
the conclusion that apathy was the main cause of
accidents.

The law as it stood was insufficient and the Com-
mission believed that the Factory Inspectors were
faced with a difficult, if not impossible, task of being
‘all purpose technical advisers’ over the whole range
of industry. On 1 January, 1975 the Factory Inspec-
torate, the Mines and Quarries Inspectorate, the
Nuclear Installations Inspectorate, the Alkali Inspec-
torate and the Employment Medical Advisory Service
were all transferred to the Health and Safety Executive
(HSE); by March 1977, this included the Agricultural
Inspectorate.

The Act itself provides a comprehensive legal
framework which embraces the health and safety of
almost everyone at work and also protects the public
at large from the risks arising out of work activities.

Duties placed on an employer include:

the provision and maintenance of plant and systems
of work that are, so far as is reasonably practicable,
safe and without risk to health.

(Sect. 2(2)(a))

arrangements for ensuring, so far as is reasonably
practicable, safety and absence of risks to health in
connection with the use, handling, storage and trans-
port of articles and substances.

(Sect. 2(2)(b))

the provision of such information, instruction,
training and supervision as is necessary to ensure, SO
far as is reasonably practicable, the health and safety
at work of his employees.

(Sect. 2(2)(c))

so far as is reasonably practicable as regards any place of
work under the employer’s control, the mainten-

ance of it in a condition that is safe and without risks to
health and the provision and maintenance of

means of access to and egress from it that are safe and
without such risks.

(Sect. 2(2)(d))
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the provision and maintenance of a working environ-

ment for his employees that is, so far as is reasonably

practicable, safe, without risks to health and adequate
as regards facilities and arrangements for their welfare
at work.

(Sect. 2(2)(e))

Duties placed on an employee include:

the taking of reasonable care for the health and
safety of himself and other persons who may be
affected by his acts or omissions at work.
Cooperation with his employer or any other person
to enable a statutory provision or requirement to be
performed or complied with.

It is obvious that the Act requires every employer
and employee to be much more safety conscious.

An employer is required to prepare a written state-
ment of general policy on matters concerning health
and safety at work. It should be in the form of a
declaration of the employer’s intent to provide the
safest and healthiest working conditions possible: this
being achieved with the help and support of his
employees.

The Act created two corporate bodies, namely the
Health and Safety Commission (HSC) and the Health
and Safety Executive (HSE). The HSC is responsible
to the Secretary of State and functions on a consult-
ative basis. It has the power to make arrangements
which it considers appropriate for the general purpose
of the Act. For example, it prepares Codes of Practice
which provide practical guidance on the requirements
of the Act; it may also propose new regulations, such
as the Safety Representatives and Safety Committees
Regulations 1977. The HSE, on the other hand, is
responsible for the enforcement of the Act and in
addition provides an advisory service to both employer
and employee. Enforcement of the Act may also be
the responsibility of another authority, such as a
Local Authority, but in either case, inspectors are
appointed having certain powers to enter any
premises, collect evidence from it, issue improvement
and prohibition notices; they even have the power to
seize or destroy articles or substances which are con-
sidered to be a source of imminent danger likely to
cause serious personal injury.

The Act also provides criminal penalties for those
who do not satisfy the requirements or perform the

Electrical Installation Technology 2

duties imposed by the regulations made under it. The
maximum fine on summary conviction in a magis-
trates’ court for most offences is £400 but there is no
limit to the fine on conviction on indictment in a
crown court. Imprisonment for up to two years can
be imposed for certain offences.

Electricity safety regulations

There are two important documents which electrical

students should read in connection with their work.

These are:

a) The Electricity (Factories Act) Special
Regulations 1908 and 1944

b) The IEE Regulations for Electrical Installations
(15th Edition) 1981.

The Electricity Regulations contain the mandatory
requirements which ensure the safe utilization of
electrical energy in factories. The detailed means by
which these requirements are satisfied are contained in
publications published by the British Standards
Institution and by the Institution of Electrical
Engineers (IEE). The regulations which are relevant
to the content of this book are Regulations 1-13
inclusive and 21, 28 and 29.

Reg. 1 All apparatus and conductors shall be
sufficient in size and power for the work they are
called upon to do, and so constructed, installed,
protected, worked and maintained as to prevent
danger so far as is reasonably practicable.

Briefly, this regulation places a general responsibility
on the occupier of a factory for the safety and safe
working of his installation. Apparatus and conductors
should be carefully selected and properly installed
and maintained by a competent person or contractor.
The regulation applies to a.c. and d.c. systems at any
voltage. Apparatus, for example, must be capable of
safely withstanding the electro-thermal and electro-
magnetic effects of any short circuit which may occur.
Apparatus must be made to a suitable standard, being
safely constructed for the conditions under which it
will be used.

It is essential to provide routine examination of
electrical equipment. Switchgear and other protec-
tive devices such as circuit breakers and tripping
relays require regular inspection and testing to con-
firm that they will operate reliably under adverse



Health and safety

Figure 1 Taking care using portable tools
a) Wearing protective gear

b) Showing a safe termination method

Figure 2 The safe construction of
a) a rewireable fuse and fuseholder
b) miniature circuit breaker

Figure 3 TPN switchfuse showing internal
arrangements
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conditions. Earthing of exposed metalwork is import-
ant and so too is the need to have circuit isolation
when working on /ive conductors. It should be made
clear that the responsibility for any accidents may be
placed upon workmen if they fail to make use of any
safety equipment provided (Figure 1).

A few other important regulations are: Regs. 5, 6,
8, 12 and 13. For further information reference
should be made to the explanatory Memorandum on
the Electricity Regulations (HMSO). Other factory
regulations are stated on page 21.

Reg. 5 Every fuse, and every automatic circuit
breaker used instead thereof, shall be so constructed
and arranged as effectively to interrupt the current
before it so exceeds the working rate as to involve
danger. It shall be of such construction or be so
guarded or placed as to prevent danger from over-
heating, or from arcing or the scattering of hot metal
or other substance when it comes into operation.
Every fuse shall be either of such construction or so
protected by a switch that the fusible metal may be
readily renewed without danger (Figure 2).

In this regulation the protective device must be
capable of dealing with normal overloads and also
short circuit conditions, as previously mentioned in
Reg. 1 above. Fuses protecting a motor circuit must
be satisfactorily constructed to avoid injury to
persons and/or fire from overheating, arcing or
scattering of hot metal or other substances. The
injury a person is most likely to receive is that of
electric shock, therefore complete protection of all
live metal on the fuseholder and its contacts is re-
quired in the design construction. Alternative protec-
tion can only be secured by a switch in the live or
supply side of the fuses, arranged to break in each
pole and preferably with an interlocking device,
whereby the fusebox can be opened only when the
switch is in the off position (Figure 3).

Reg. 6 Every electrical joint and connection shall be
of proper construction as regards conductivity, insula-
tion, mechanical strength and protection.

Concern in this regulation is for every joint and
connection to have at least the same properties (as
indicated) as the system or circuit of which it forms
part. It is not permissible just to twist conductors
together, they need to be made mechanically sound
by soldering, brazing, welding or mechanically
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Figure 4 Waveformal multi-service joint
conforming to Factories Act
Regulation 6 (Courtesy AEI cables)

Plastics protection box

Cold pouring resin compound

Mastic pad insulation

Neutral/earth conductors

Mechanical phase connector

Mechanical neutral/earth connector

QAL AW~

Figure 5 Flex connector (non-reversible
with cord grip)

clamping together. The last method may take the
form of a compression joint. It is important that all
joints securely retain all strands and wires of
conductors (Figure 4). Flexible cables and flexible
cords should not be jointed but cable couplers and
connectors can be used.

Precautions should be taken against corrosion,
especially where aluminium and copper conductors
are joined together. An aluminium conductor should
not come into contact with a brass terminal unless it
is suitably plated. Joints in earthing conductors are
also important. Such joints must ensure good conduc-

Electrical Installation Technology 2

tivity to allow the passage of escaping earth currents.
It is very important to make earth continuity con-
ductor tests on metal conduit and metal sheathing of
cables, metal trunking and all earth wires.

Reg. 8 Efficient means suitably located shall be
provided for protecting from excess of current every
part of a system, as may be necessary to prevent
danger.

In this regulation, efficient protective gear must be
provided to safeguard against the risk of electric
shock and fire. Important considerations in the
selection of protective gear are: the nature of the
circuits and type of apparatus to be protected (this
may range from high voltage systems, e.g. in sub-
stations, to low voltage systems, e.g. final circuits
supplying lamps), the nature of the process carried
out (the degree of protection may vary from one
industrial process to the next depending upon the
work being carried out). To avoid the risk of fire,
short circuits or earth faults should be cleared
promptly. Protective apparatus, such as circuit
breakers and fuses, should be set at the minimum
value in relation to the load current. It is generally
advisable to incorporate some form of earth leakage
protection to ensure operation at minimum current.
Also, the nature and efficiency of the earthing

system might be seen as another important factor and
so too the short circuit energy available in the supply.

Note: Protection against electric shock is shown in Figure 6.

Reg. 12 Every electric motor shall be controlled by an
efficient switch or switches for starting or stopping, so
placed as to be easily worked by the person in charge of
the motor. ‘



