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ABSTRACT 

One of the places that are being used for electricity is our houses. We always need it. 

So, for using it safely and for our needs we firstly have pay great attention for the basis 

of the installation for the electricity. So, I examined the installation for a typical villa 

except some special applications in this project. I firstly examined about the wiring 

installation and about history. And then, I carried on examining the insulators that is so 

significant in electrical protection and we use everywhere in our lives nowadays. And 

after that, I examined the conductor that is being protected with these insulator, the 

wirings. And then, I gave place in my project on switch and sockets upon depending on 

the differences of voltage and frequency around the world. After giving all these, I went 

in to my main subject that is electrical installation. I finished my last chapter that is 

drawing Project that I have prepared with the electrical security and protection ways 
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CHAPTER! 

GENERALS 

1.1 Historical Review of Installation Work 
As one might expect to find in the early beginnings of any industry, the application, and 

the methods of application, of electricity for lighting, heating, and motive power was 

primitive in the extreme. Large-scale application of electrical energy was slow to 

develop. The first wide use of it was for lighting in houses, shops, and offices. By the 

1870s, electric lighting had advanced from being a curiosity to something with a 

definite practical future. Arc lamps were the first form of lighting, particularly for the 

illumination of main streets. When the incandescent-filament lamp appeared on the 

scene electric lighting took on such a prominence that it severely threatened the use of 

gas for this purpose. But it was not until cheap and reliable metal-filament lamps were 

produced that electric lighting found a place in every home in the land. Even then, 

because of the low power of these early filament lamps, shop windows continued for 

some time to be lighted externally by arc lamps suspended from the fronts of buildings. 

The earliest application of electrical energy as an agent for motive power in industry is 

still electricity's greatest contribution to industrial expansion. The year 1900 has bean 

regarded as a time when industrialists awakened to the potential of the new form of 

power. 

Electricity was first used in mining for pumping. In the iron and steel industry, by 1917, 

electric furnaces of both the arc and induction type were producing over 100,000 tons of 

ingot and castings. The first all-welded ship was constructed in 1920; and the other ship 

building processes were operated by electric motor power for punching, shearing, 

drilling machines and woodworking machinery. 

The first electric motor drives in light industries were in the form of one motor-unit per 

line of shafting. Each motor was started once a day and continued to run throughout the 

whole working day in one direction at a constant speed. All the various machines driven 

from the shafting were started, stopped, reversed or changed in direction and speed by 

mechanical means. The development of integral electric drives, with provisions for 

starting, stopping and speed changes, led to the extensive use of the motor in small 

kilowatt ranges to drive an associated single machine, e.g. a lathe. One of the pioneers 



in the use of motors was the firm of Bruce Peebles, Edinburgh. The firm supplied, in the 

1890s, a number of weatherproof, totally enclosed motors for quarries in Dumfries 

shire, believed to be among the first of their type in Britain. The first electric winder 

ever built in Britain was supplied in 1905 to a Lanark oil concern. Railway 

electrification started as long ago as 1883, but it was not until long after the tum of this 

century that any major development took place. 

The coverings for the insulation of wires in the early days included textiles and gutta 

percha. Progress in insulation provisions for cables was made when vulcanized rubber 

was introduced, and it is still used today. 

Siemens Brothers made the first application of a lead sheath to rubber-insulated cables. 

The manner in which we name cables was also a product of Siemens, whose early 

system was to give a cable a certain length related to a standard resistance of 0.1 ohm. 

Thus a No.90 cable in their catalogue was a cable of which 90 yards had a resistance of 

0.1 ohm. The Standard Wire Gauge also generally knew Cable sizes. 

For many years ordinary VRI cables made up about 95 per cent of all installations. They 

were used first in wood casing, and then in conduit. Wood casing was a very early 

invention. It was introduced to separate conductors, this separation being considered a 

necessary safeguard against the two wires touching and so causing fire. Choosing a 

cable at the turn of the century was quite a task. From one catalogue alone, one could 

choose from fifty-eight sizes of wire, with no less than fourteen different grades of 

rubber insulation. The grades were described by such terms as light, high, medium, or 

best insulation. Nowadays there are two grades of insulation: up to 600 V and 600 

V/l,000 V. And the sizes of cables have been reduced to a more practicable seventeen. 

The main competitor to rubber as an insulating material appeared in the late 1930s. This 

material was PVC (polyvinyl chloride), a synthetic material that came from Germany. 

The material, though inferior to rubber so far as elastic properties were concerned, could 

withstand the effects of both oil and sunlight. During the Second World War PVC, used 

both as wire insulation and the protective sheath, became well established. 

As experience increased with the use of TRS cables, it was made the basis of modified 

wiring systems. The first of these was the Calendar farm-wiring system introduced in 

1937. This was tough rubber sheathed cable with a semi-embedded braiding treated 

with a green-colored compound. This system combined the properties of ordinary TRS 

and HSOS (house-service overhead system) cables. 

2 



3 

So far as conductor material was concerned, copper was the most widely used. But 

aluminum was also applied as a conductor material. Aluminum, which has excellent 

electrical properties, has been produced on a large commercial scale since about 1890. 

Overhead lines of aluminum were first installed in 1898. Rubber-insulated aluminum 

cables of 3/0.036 inch and 3/0.045 inch were made to the order of the British Aluminum 

Company and used in the early years of this century for the wiring of the staff quarters 

at Kinlochleven in Argyllshire. Despite the fact that lead and lead-alloy proved to be of 

great value in the sheathing of cables, aluminum was looked to for a sheath of, in 

particular, light weight. Many experiments were carried out before a reliable system of 

aluminum-sheathed cable could be put on the market. 

Perhaps one of the most interesting systems of wiring to come into existence was the 

MICS (mineral-insulated copper-sheathed cable), which used compressed magnesium 

oxide as the insulation, and had a copper sheath and copper conductors. The cable was 

first developed in 1897 and was first produced in France. It has been made in Britain 

since 1937, first by Pyrotenax Ltd, and later by other firms. Mineral insulation has also 

been used with conductors and sheathing of aluminum. 
Non-ferrous conduits were also a feature of the wiring scene. Heavy-gauge copper tubes 

were used for the wiring of the Rayland's Library in Manchester in 1886. Aluminum 

conduit, though suggested during the 1920s, did not appear on the market until steel 

became a valuable material for munitions during the Second World War. 

Insulated conduits also were used for many applications in installation work, and are 

still used to meet some particular installation conditions. The 'Gilflex' system, for 

instance, makes use of a PVC tube, which can be bent cold, compared with earlier 

material, which required the use of heat for bending. 
It was Thomas Edison who, in addition to pioneering the incandescent lamp, gave much 

thought to the provision of branch switches in circuit wiring. The term 'branch' meant a 

tee off from a main cable to feed small current-using items. The earliest switches were 

of the 'tum' type, in which the contacts were wiped together in a rotary motion to make 

the circuit. The first switches were really crude efforts: made of wood and with no 

positive ON or OFF position. Indeed, it was usual practice to make an inefficient 

contact to produce an arc to 'dim' the lights! Needless to say, this misuse of the early 

switches, in conjunction with their wooden construction, led to many fires. But new 

materials were brought forward for switch construction such as slate, marble, and, later, 



porcelain. Movements were also made more positive with definite ON and OFF 

positions. The 'turn' switch eventually gave way to the 'Tumbler' switch in popularity. It 

came into regular use about 1890. Where the name 'tumbler' originated is not clear; 

there are many sources, including the similarity of the switch action to the antics of 

Tumbler Pigeons. Many accessory names, which are household words to the electricians 

of today, appeared at the turn of the century: Verity's, McGeoch, Tucker, and Crabtree. 

Further developments to produce the semi-recessed, the flush, the ac only, and the 

'silent' switch proceeded apace. The switches of today are indeed of long and worthy 

pedigrees. 
It was one thing to produce a lamp operated from electricity. It was quite another thing 

to devise a way in which the lamp could be held securely while current was flowing in 

its circuit. The first lamps were fitted with wire tails for joining to terminal screws. It 

was Thomas Edison who introduced, in 1880, the screw cap, which still bears his name. 

It is said he got the idea from the stoppers fitted to kerosene cans of the time. Like much 

another really good idea, it superseded all its competitive lamp holders and its use 

extended through America and Europe. In Britain, however, it was not popular. The 

Edison & Swan Co. about 1886 introduced the bayonet-cap type of lamp-holder. The 

early type was soon improved to the lamp holders we know today. 

Ceiling roses, too, have an interesting history; some of the first types incorporated fuses. 

The first rose for direct attachment to conduit came out in the early 1900s, introduced 

by Dorman & Smith Ltd. 
One of the earliest accessories to have a cartridge fuse incorporated in it was the plug 

produced by Dorman & Smith Ltd. The fuse actually formed one of the pins, and could 

be screwed in or out when replacement was necessary. It is a rather long cry from those 

pioneering days to the present system of standard socket-outlets and plugs. 

Early fuses consisted of lead wires; lead being used because of its low melting point. 

It was not until the 1930s that the distribution of electricity in buildings by means of bus 

bars came into fashion, though the system had been used as far back as about 1880, 

particularly for street mains. In 1935 the English Electric Co. introduced a bus bar 

trunking system designed to meet the needs of the motorcar industry. It provided the 

overhead distribution of electricity into which system individual machines could be 

tapped wherever required; this idea caught on and designs were produced and put onto 

the market by Marryat & Place, GEC, and Ottermill. 
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The story of electric wiring, its systems, and accessories tells an important aspect in the 

history of industrial development and in the history of social progress. The 

inventiveness of the old electrical personalities, Compton, Swan, Edison, Kelvin and 

many others, is well worth noting; for it is from their brain-children that the present-day 

electrical contracting industry has evolved to become one of the most important sections 

of activity in electrical engineering. For those who are interested in details of the 

evolution and development of electric wiring systems and accessories, good reading can 

be found in the book by J. Mellanby: The History of Electric Wiring (MacDonald, 

London). 

1.2 Historical Review of Wiring Installation 

The history of the development of non-legal and statutory rules and regulations for the 

wiring of buildings is no less interesting than that of wiring systems and accessories. 

When electrical energy received a utilization impetus from the invention of the 

incandescent lamp, many set themselves up as electricians or electrical wiremen. Others 

were gas plumbers who indulged in the installation of electrics as a matter of normal 

course. This was all very well: the contracting industry had to get started in some way, 

however ragged. But with so many amateurs troubles were bound to multiply. And they 

did. It was not long before arc lamps, sparking commutators, and badly insulated con 

ductors contributed to fires. It was the insurance companies, which gave their attention 

to the fire risk inherent in the electrical installations of the 1880s. Foremost among these 

was the Phoenix Assurance Co., whose engineer, Mr. Heaphy, was told to investigate 

the situation and draw up a report on his findings. 

The result was the Phoenix Rules of 1882. These Rules were produced just a few 

months after those of the American Board of Fire Underwriters who are credited with 

the issue of the first wiring rules in the world. 
The Phoenix Rules were, however, the better set and went through many editions before 

revision was thought necessary. That these Rules contributed to a better standard of 

wiring, and introduced a high factor of safety in the electrical wiring and equipment of 

buildings, was indicated by a report in 1892, which showed the high incidence of 

electrical fires in the USA and the comparative freedom from fires of electrical origin in 

Britain. 
Three months after the issue of the Phoenix Rules for wiring in 1882, the Society of 
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Telegraph Engineers and Electricians (now the Institution of Electrical Engineers) 

issued the first edition of Rules and Regulations for the Prevention of Fire Risks arising 

from Electric lighting. These rules were drawn up by a committee of eighteen men, 

which included some of the famous names of the day: Lord Kelvin, Siemens, and 

Crompton. The Rules, however, were subjected to some criticism. Compared with the 

Phoenix Rules they left much to be desired. But the Society was working on the basis of 

laying down a set of principles rather than, as Heaphy did, drawing up a guide or 'Code 

of Practice'. A second edition of the Society's Rules was issued in 1888. The third 

edition was issued in 1897 and entitled General Rules recommended for Wiring for the 

Supply of Electrical Energy. 

The Rules have since been revised at fairly regular intervals as new developments and 

the results of experience can be written in for the considered attention of all those 

concerned with the electrical equipment of buildings. Basically the regulations were 

intended to act as a guide for electricians and others to provide a degree of safety in the 

use of electricity by inexperienced persons such as householders. The regulations were, 

and still are, not legal; that is, the law of the land cannot enforce them. Despite this 

apparent loophole, the regulations are accepted as a guide to the practice of installation 

work, which will ensure, at the very least, a minimum standard of work. The Institution 

of Electrical Engineers (IEE) was not alone in the insistence of good standards in 

electrical installation work. In 1905, the Electrical Trades Union, through the London 

District Committee, in a letter to the Phoenix Assurance Co., said ' ... they view with 

alarm the large extent to which bad work is now being carried out by electric light 

contractors . . . . As the carrying out of bad work is attended by fires and other risks, 

besides injuring the Trade, they respectfully ask you to .. Uphold a higher standard of 

work'. 

The legislation embodied in the Factory and Workshop Acts of 1901 and 1907 had a 

considerable influence on wiring practice. In the latter Act it was recognized for the first 

time that the generation, distribution and use of electricity in industrial premises could 

be dangerous. To control electricity in factories and other premises a draft set of 

Regulations was later to be incorporated into statutory requirements. 

While the IEE and the statutory regulations were making their positions stronger, the 

British Standards Institution brought out, and is still issuing, Codes of Practice to 

provide what are regarded as guides to good practice. The position of the Statutory 



7 

Regulations in this country is that they form the primary requirements, which must by 

law be satisfied. The IEE Regulations and Codes of Practice indicate supplementary 

requirements. However, it is accepted that if an installation is carried out in accordance 

with the IEE Wiring Regulations, then it generally fulfils the requirements of the 

Electricity Supply Regulations. This means that a supply authority can insist upon all 

electrical work to be carried out to the standard of the IEE Regulations, but cannot insist 

on a standard which is in excess of the IEE requirements. 



CHAPTER2 

INSULATORS 

2.1 What is the insulator 

An insulator is unable to conduct electricity because its electrons are bound tightly to 

their nuclei, they cannot move freely from atom to atom. In conductors, electrons move 

freely because they are weakly bound to their nuclei. This results in the flow of 

electricity. 

Many materials are used for the insulation of cable conductors. The basic function of 

any cable insulation is to confine the electric current to a insulating materials chosen for 

this duty must be efficient and able to with stand the stress of the working voltage of the 

supply system to which the cable is connected. The following are some of the more 

common materials used for cable insulation. Most solid materials are classified as 

insulators because they offer very large resistance to the flow of electric current. Metals 

are classified as conductors because their outer electrons are not tightly bound, but in 

most materials even the outermost electrons are so tightly bound that there is essentially 

zero electron flow through them with ordinary voltages. Some materials are particularly 

good insulators and can be characterized by their high resistivities 

Table 2.1 Comparing of the resistivity of copper 

I 
!Resistivity (ohm m) 

I Glass 110/\12 

I Mica 19 X lQAl3 

I Quartz (fused) 15 X 10/\16 

'

·-----~-· 
jResistivity (ohm m) 

f

--·-r; ·-- 
Copper ! 1. 7 x 10"'-8 

8 
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2.1.1 Rubber 

This was one of the most common insulating materials units it was largely replaced by 

PVC. In old wiring system it is found in its 'vulcanized form', which is rubber with 

about 5 percent sulphur. It is flexible, impervious to water but suffers (it hardens and 

becomes brittle) when exposed to a temperature above 55 C. Because the sulphur 

content in the rubber attacks cooper, the wires are always tinned. About the only 

application for rubber as insulation material for conductors nowadays is in domestic 

flexible used for hand appliances such as electric irons. The working temperature is 60C 

2.1.2 85 C Rubbers 

This material is a synthetic rubber designed for working temperatures up to 85 C .It is in 

its flexible cord format used for hot situations such as immersion heaters and night 

storage heaters where the heat from elements can travel into the flexible conductors. As 

a sheating material it is susceptible to oil and grease and thus such flexible are sheathed 

with chloro-sulphonated polyethylene (CSP).The type of sheath is known as HOFR 

(heat and oil resisting and flame retardant).Often used for heavy-duty applications, it is 

found in its large csa size feeding exterior equipment such as mobile cranes and 

conveyors. 

2.1.3 Silicone rubber 

This material is sometimes designated 150 C insulation and can operate in a continuous 

temperature up to that level. Applications of this fire-resistant cable include the wiring 

of fire alarm, security and emergency lighting circuits where there need for these circuit 

to function in fire condition. It is also useful when connections have to be made to 

terminals in enclosures in which heat might be considerable, such as in enclosed lamp 

fittings and heaters. 

2.1.4 Pvc 

This material is polyvinyl chloride and is now the most common insulating material 

used for cables and flexible at low voltages. Its insulating properties are actually less 

than those for rubber. However it is impervious to water and oil and can be self-colored 
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