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ABSTRACT 

This project is prepared as a thesis for graduating in 2004-2005 education year, Near 
East University Engineering Faculty, Electric and Electronic Engineering department. 

This project is an acceptable TEDA~ and is readiness for competitive and difficulties 
life with it is practical more than theatrical. 

Verbal and written resources are utilized during preparing this project. These are 
listed end of project 
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INTRODUCTION 

Today we are living in an electrical era. Most of the energy that we consume is 
electrical energy. 

When we mention electrical energy, three; important parameter come into mind. 
These are producing electricity, transmitting and its distribution. The distribution of 
electricity is the last phase between electrical energy source and consumer. .. 

In this project we are going to discus the distribution of electricity coming from 
network, tools to be used during this distribution process, calculations done, devices and 
conductor type to be employed and in addition to this we will cover the material and 
techniques that will project the people and the business in terms of monetary and 
physical damage, plus the fuse earth processes will be explained. 

This project is specific to the building of L-block resident hold located in Cyprus 
International University campus having three stories. 

This building has rooms of 2 and 4 - persons and each having its own lobby, rest 
room, manager room and also in each story has a special room for dormitory manager. 

To sum up, after doing necessary calculations and preliminary work, the building's 
internal electrical installation design is sketched. 

The entire topic discussed above is described through out this project. 
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CHAPTER ONE 

INSTALLATION FUNDAMENTALS 

1.1 BASIC FUNCTIONS 

Wiring is an essential requirement for conveying. Safety and efficiently, electrical 
energy from the point of supply to the current using devices such as lamps, heaters and 
motors. As a result of the almost unlimited variations in buildings conditions of service 
and rating of electrical apparatus there are many different kinds of wiring system. But 
whatever the type, installations must conform to the safety rule: all apparatus and 
conductors can 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 as 
far as is reasonably practicable 

1.2 ELECTRICITY FACTOR ACTS 

These also are compulsory and apply to all premises that come under the jurisdiction of 
the factory Acts. While many of the consumer requirements of the Electricity Supply 
Regulations are common to the Electricity Factory Acts, the latter place special 
emphasis on motor control and the design and location of switchboards. Regulation 12 
may be taken as typical: 

Every electrical motor shall be controlled by-an efficient switch or switches for starting 
and stopping, so placed as to be easily worked by the person in charge of the motor. 

In every place in which machines are being driven by any electric motor, there 
shall be means at hand for either switching off the motor or stopping the machines if 
necessary to prevent danger. 

1.3 CABLE INSULATIONS 

Tables of the I.E.E. Wiring Regulations classify 20 types of conductor core or sheathe 
insulation. Such cables are normally made to operate with 600 V between any 
conductor and 1000 V between conductors. 

Vulcanized rubber is now used only on a limited scale, for example for welding 
cables, and has been replaced almost completely by PVC (polyvinyl chloride) plastic 
general purpose cables. This insulation is virtually non-ageing and does not show any 
detraction due to moisture or dampness. However, being a thermoplastic material, it is 
affected by the extremes of heat or cold. The material should not be installed where the 
ambient (surrounding) temperature is above 65°C or the operating temperature of the 
cable is above 70°C. 
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Below about 0°C PVC becomes brittle so that it is inadvisable to use it for the 
temporary wiring of buildings or in refrigerator cold rooms. In these situations the PVC 
covering will split and crack when sharply bent. in addition, it can easily be shattered by 
sharp blows 

Oiled paper insulated cables are run in distribution networks, especially when laid 
underground, or for heavy industrial supplies. Although being increasingly displaced by 
PVC-armored cables, they are still widely employed. Lead covering is often used for the 
mechanical protection of these heavy duty cables, with additional protection being 
offered by steel tape or wire armoring applied helically. 

High- temperature cables 

Modem building construction and environmental conditions have brought an 
increasing demand for cable insulation that is able to withstand the effects of 
temperatures in excess of 70°C. 

The term electrometer is often employed for this class of insurants. Here the 
chemical compounds have to be vulcanized or cured in order to convert them to a 
suitable tough or elastic condition. One of the butyl! Rubber is a synthetic rubber- like 
material and its normal operating temperature may be extended to 85°C. EPR ( ethylene 
propylene rubber ) has somewhat similar physical properties and may be installed in 
temperature as low as - 70°C it should not be directly exposed to oil or greases and 
requires a hover (heat, oil and fire resistant) sheeting. 

Silicone rubber resembles natural rubber and has an even wider range of utilization 
from 150°C to -75°C. It may be used at temperature up to 200°C for intermittent 
operations without detraction, 

1.4 CABLE RA TINGS 

There is an increasing move away from 70°C P.V.C. insulation to materials which are 
more environmentally friendly, for example 90°C XLPE. The ratings of fuse gear, 
switches, accessories etc. are generally based upon the equipment being connected to 
conductors intended to be operated at a temperature not exceeding 70°C in normal 
service. 

In view of the above it is recommended that the practice of designs based upon 
conductor temperatures of 70°C be regarded as the norm. In accordance with clause 
512-02-01 of the Wiring Regulations the equipment manufacturer should be consulted 
to ascertain the reduction of nominal current rating of the equipment if conductor 
temperatures exceeding 70°C are used. In addition an overriding factor is often voltage 
drop consideration. 
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1.5 FUSES 
The main job of the fuse is to protect the wiring Fuses should be sized and located to 
protect the wire they are connected to. So if there is a high current appeared suddenly 
draws enough current to blow the fuse. 

The fuse will be there to protect the wire, which would be much easier to replace 
than the device. 
And as we know that the heat build-up in the wire depends on the resistance and the 
amount of current flowing through the wire. Fuses are really just a special type of wire 
in a self-contained connector. Most fuses today have two blade connectors and a plastic 
housing that contains the conductor so when a high current or if the heat went high this 
connection will be destroyed so it will not again so the circuit will be opened in I twill 
protect the device 

A consumer unit or fuse box is a particular type of distribution board comprising a 
co-ordinate assembly for the control and distribution of electrical energy, principally in 
domestic premises. A consumer unit incorporates a manual means of isolation on the 
incoming circuit(s) - a main switch, and an assembly of one or more fuses, circuit 
breakers or residual current devices. 

Figure 1.5 Fuse box 

A = Main switch B = Circuit breakers C = Residual current device 

1.6 CONDUCTORS 

Cables consisting of plain annealed copper cores and general purpose PVC insulation 
are university employed for final circuit wiring. Copper is the best conductor of 
electricity after silver. Copper also has good mechanical qualities: it is ductile, bends 
easily and is able to give reliable terminal connections. For cross-sectional areas greater 
than 2.5 mm2, standard cables have stranded conductors. 
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Aluminum is one of the most abundant of metals and constitutes about one-sixth of 
the earth's crust. For practical purposes it forms the only serious rival to copper as a 
conductor. For equal resistance it requires a croons-sectional area of 1.5 times that of 
copper in figure below, there is growing pressure to install aluminum conductor 
wherever possible, because of the increase in world copper prices. 

The I.E.E. Regulations however do not permit the use of aluminum conductors 
unless they are 16 mm2 o5r above in cross-sectional area. Aluminum does not have the 
same tensile strength nor is it as easy to manipulate as copper; difficulties can arise 
when making terminal connections as a result of creep or flow of the aluminum 
conductor. 

0 
Copper 

Aluminum 

D 
Copper aluminum 

Figure. The circles represent capacities the relative cross-sectional areas and 
the squares represent the relative weights of copper and aluminum for an equal 
resistance 

Table Current - carrying capacities of typical copper and aluminum cables. Bunched 
and enclosed in conduit or trucking. PVC non - armored single conductors. 

Nominal copper Aluminum 
CSA (mm2) (A) (A) 
16 74 60 
25 97 78 
35 119 96 
50 145 120 
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1. 7 ACCESSORIES 

This term is usually understood to be referring to those parts of an installation that are 
necessary to complete the wiring such as switches, ceiling roses, lamp holders and 
socket outlets. 

1.7.1 Switches 

The inside of a typical household wall switch has a strip of metal (B), making contact 
with point 'A', completing the circuit and thereby conducting electricity to the light. 
This would obviously be the 'ON' position. When the insulated lever is moved down to 
the 'OFF' position, it pushes the metal strip away from point 'A', breaking the circuit and 
turning the light 'OFF'. 

This type of switch (having a lever which "flips" it on and off) is called a toggle switch. 

!Household Light Switch Wiring! 
Wall "'0 To Light 

Off 

Switch 

Electrical Box For 
Housing the Switch ?? 

Incoming 
Electricity 

Figure 1. 7 .1.a House hold light switch 

5 A switches may be obtained in the form of 1. Way, 2 ways, intermediate or double 
pole and dimmer control. Alternative methods of switch operation are dolly, rocker, and 
cord, pushbutton or key. In all cases an earth terminal connected to an appropriate 
circuit protective conductor is necessary. 
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Double-pole switches are available with dimensions similar to the I-way switches, and 
a neon lamp may be fitted to them as part of a single assembly. Indicator lights are 
desirable as pilot lamps for no luminous heating or other appliances. 

Where it is possible to touch the heating elements of radiators, double-pole control 
must be fitted. 

Main Switch 

The main switch allows you to turn off the electricity supply to the electrical 
installation. Note that some electrical installations may have more than one main 
switch. For example, if your house is heated by electric storage heaters, you will 
probably have a separate main switch and consumer unit arranged to supply them 

It is important to know where the consumer unit is located and that it is accessible. It is 
also important that you know where the main switch are in order to turn it (them) off in 
the event of an emergency 

1. 7 .2 Grounding 

The term "ground" refers to a connection to the earth, which acts as a reservoir of 
charge. A ground wire provides a conducting path to the earth which is independent of 
the normal current-carrying path in an electrical appliance. Attached to the case of an 
appliance, it holds the voltage of the case at ground potential (usually taken as the zero 
of voltage). This protects against electric shock. The ground wire and a fuse or breaker 
is the standard safety devices used with standard electric circuits. 

Neut rel Hot 

• 

-L .. 

T.• he ro. und. p.· r;;.n.g recept.ac le 
i: n stands rd ltS. Circuits is 

Grnund connected airecU!J togrour.o 
and is not part ofthe nor rna1 
curre,nt fl OY pe,th .. 
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The appliance will operate normally without the ground wire because it is not a part of 
the conducting path which supplies electricity to the appliance. In fact, if the ground 
wire is broken or removed, you will normally not be able to tell the difference. But if 
high voltage has gotten in contact with the case, there may be a shock hazard. In the 
absence of the ground wire, shock hazard conditions will often not cause the breaker to 
trip unless the circuit has a ground fault interrupter in it. Part of the role of the ground 
wire is to force the breaker to trip by supplying a path to ground if a "hot" wire comes in 
contact with the metal case of the appliance. 

1. 7 .3 Ceiling roses 

Modem ceiling roses are usually made from bakelite and have four terminals. In 
addition to the flexible cord connections one phase terminal (with a protective 
insulating cover) loop-in purposes and the remaining terminal is for connection to the 
circuit protective conductor. To comply with the I.E.E. Regulations, connections to the 
terminals must be enclosed a patters or box. Unless specially designed for multiple cord 
only one flexible cord outlet is permitted. 

1. 7.4 Lamp holders 

In addition to the common BC (bayonet cap) type, there wide range of lamp holders: 

SBC (small bayonet cap) 
GES (goliath Edison screw) 
ES (Edison screw) 
SES (small Edison screw) 
MES (miniature Edison screw) 
Bi-pin 

Selection of a holder from the Edison screw rang dependent on the lamp wattage. Bi-pin 
lamp holders are normal connection to florescent lamps. It is essential to connect the 
threaded portion to the neutral conductor. 

Maximum fuse or miniature circuit-breaker rating is 5 A for SBC or SES 15 A for 
BC and b-pin holders 

1. 7 .5 Circuit Breaker 

A circuit-breaker is an automatic switch fitted to each circuit in the consumer unit 
which switches off in the event of a short circuit, an overload or a fault to earth on the 
circuit. It is not usually required to operate very often. 
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A circuit-breaker is much the same size as a fuse holder, but gives more precise 
protection than cartridge fuses. When they 'blow' or 'trip', they are simply reset instead 
of needing replacement or rewiring 

Figure 1.7.5 circuit breaker 

1. 7 .6 Socket outlets 

The accessory may be of the switched or un switched version provided the supply is a. c 
Domestic ratings are 2,5,13 and 15 A; where required for industrial establishments, the 
range is extended to 16,30,32,63 and 125 A. 

Utmost care must be taken in making connections so that the switch of switch-socket 
outlets is connected to the live conductor. Any extended use of flexible cord connectors 
is to be deprecated. Where fitted they should be of the non-reversible type so as to retain 
the correct connections for switches and thermostats. 

All socket outlets in one room must be connected to the same phase. Where it may 
not be possible to fulfill this condition in industrial premises, then the socket outlet on 
one phase is to be grouped together. The minimum distance between socket outlets on 
different phases should be 2 m. 

1.8 TRANSMISSION AND DISTRIBUTION 

The electricity produced by a generator travels along cables to a transformer, which 
changes electricity from low voltage to high voltage. Electricity can be moved long 
distances more efficiently using high voltage. 
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Transmission lines are used to carry the electricity to a substation. Substations have 
transformers that change the high voltage electricity into lower voltage electricity. From 
the substation, distribution lines carry the electricity to homes, offices and factories, 
which require low voltage electricity 
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1.8.1 Three Phase 4 Wire Distributions 

Before electricity is distributed it has to be generated. Generators are still based on the 
principle discovered by Michael Faraday in 1831. Whenever a wire is made to cross or 
cut a magnetic field, an e.m.f. is generated in the conductor if it is stationary and there is 
relative movement of the field. Mechanical energy is there by converted into electrical 
energy. 

In power stations huge ace. generators (alternators) of 100 MW (1OOx102W) 
capacity, consisting essential of magnetic poles rotating past three groups of windings 
set at 120° with respect to each other, produce a 3 phase supply of 11 to 25 kV. The 
winding may be brought out six terminals and are usually delta interlines are usually 
delta interconnected so that only three supply lines are required. The main method of 
producing rotation is by powerful steam jets directed to drive the blades of turbo 
generators. Coal or oil is used to raise the superheated steam. In nuclear power stations, 
uranium rods under controlled conditions set up intense heat and form an alternative 
method of producing steam to drive the alternators. 

The three phase voltage from the generating plants is transformed to 132 kV before 
being fed into the National Grid transmission network. At certain selected sections 
voltage of 375 kV or even 400 kV form a super grid. 

Since P= VI cos0 watts it follows that for a given value of power an increase in 
voltage brings a corresponding current reduction. This fall in current contributes to 
economic transmission by reducing (a) conductor cross sectional area, (b) IR voltage 
drop and ( c) FR power loss in the cables. 
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Fourteen Electricity Boards, working in conjunction with the Central Electricity 
Generating Board (C.E.G.B.), control transformer stations. At these transformer stations 
the Grid voltage is stepped down to 66, 33 or 11 kV; these voltages in turn are used to 
supply local substations. From a substation the voltage is further reduced to 41 SV I 240 
V for consumers', industrial, commercial, domestic and other insulations. High rise 
Blocks of flats or offices may posses their own substation at 11 kV and the larger. 
Factories may be served by two substations. To minimize the possibility of breakdown 
and in the interest of cable economy, outgoing distribution cables from the substations 
are usually connected in the form of one or more ring mains. 

Electricity Board substations would normally house H V meters (to record energy 
taken from the C.E.G.B. lines), HV/ LV transformer and LV switchgear Additional 
transformers are installed should the sum of the calculated loads be more than 200 kV A 

Because of the high voltage and corresponding dangers involved only authorized 
personnel are allowed entry into substations. All gear should be so sited as to facilitate 
maintenance work and checking should be carried out at regular intervals. 

1.8.2 Intakes 

The term refers to the position in a building where the supply and main controls are 
situated; so that intakes normally form the main distribution centers. As an essential 
requirement all such control gear must be accessible and posses facilities for overload 
and earth leakage protection. All gear must be properly labeled with full and clear 
details of circuits controlled and also include current rating of fuses. 

Intakes in new buildings require careful planning at an early stage. Consultation is 
necessary between the architects, electrical and building contractors and other interested 
bodies. By means of good design the placing of consumer's control gear and metering 
under the stairs of private houses can be avoided. This position is often chosen, but 
dangers may arise because the electrical equipment is inaccessible, and there is also the 
possibility of the equipment being close to inflammable materials. 

The sitting of industrial intakes requires special consideration. If possible a separate 
switch room should be reserved for the control gear. There should also be facilities for 
future extensions by spare capacity switchgear and fuse ways. 

Economy of cable runs is achieved by positioning the distribution center near to the 
geographical load center. 
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1.8.3 Domestic Intakes 

The sequence of the supply and control gear is shown by the line diagram in 
(figurel.6a). Outgoing final sub circuits are supplied by the distribution fuse board. 
Except for large premises requiring separate fuse boards, it is now considered normal 
practice to combine the switch fuse and distribution board into a single consumer's 
control unit (figurel.6 b) 

Miniature circuit breakers (MCB) should be used in preference to fuses, as they 
enable the supply to be speedily restored after a fault has been cleared. Fuse carriers 
themselves are all too easily fitted with the wrong size of fuse wire, especially if of the 
rewritable type. 

It is incorrect procedure to bunch outgoing neutral conductors into one terminal. For 
each of two-wire outgoing circuits, the neutral should be connected in the same 
sequence as the fuse or MCB connection. 

It is dangerous to use borrowed neutrals; that is, in order to save cable, to take a 
neutral from one circuit to feed another circuit. Every circuit must be electrically 
separate 

The wiring to storage heating loads as recorder by off peak meters, and normally 
requiring a contactor and time- switch, must be distinct and controlled by separate 
switchgear. 

Consumer's 
Equipment 

service cable 

Distribution 
fuse board 

D Consumer's control 
Unit 

Switch fuse 

KWh meter 

service fuse Equipment 
Belonging to 
Electricity 
Board 

(A) (B) 

Figure 1.6 Alternative forms of domestic intake equipment 
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