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ABSTRACT
Starting the electi‘iycaylf project drawings, architectural project and

surements were exammed The places main electrical household

hances owen, refr1gerator Wa(shme machine, dish washer machine, air

dition ) were de31gnated The 111um1nat10n calculations for rooms have been

and suitable aimorlur'e‘s have been selected. The lights and sockets power

essary have been deterfhméd, The cross - section of conductors have been

en as well. The su1tab111ty of cross — section of chosen conductor has been

trolled with voltage i‘_k:calculatlon The equal power distribution to
es has been provided by loadmg tables. The value of the service has been

ined by cost analysis.
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PTER 1: GENERALS

,Histf)rical Review of Installation Work

Imié might expect to find in the early beginnings ofany industry, the application, and the
thods of application, of electricity for lighting, heating, and motive power was primitive in
extreme. Large-scale apphcatlon of electrical energy was slow to develop. The first wide

of it was for hghtlng in houses shops and offices. By the 1870s, electric lighting had

anced from being a cur10s1ty : somethmg with a definite practical future. Arc lamps were

= first form of lighting, partleularly for the illumination of main streets. When the

ndescent-filament lamp appeared on the scene electric lighting took on such a prominence

it it severely threatened the useof gas for this purpose. But it was not until cheap and

able metal-filament lamps were peruced that electric lighting found a place in every

me in the land. Even then, be of txh'e'ylbw power ofthese early filament lamps, shop

ndows continued for some tlm to:beyil«iéhdied eiot@mally by arc lamps suspended from the

nts of buildings.

= earliest application of electri energjf as an agent for motive power in industry is still

tricity’s greatest contributio to in iistfial expansion. The year 1900 has bean regarded as

me when industrialists awakeﬁe thepotentlal of the new form of power.

ectricity was first used in mmmg fo pumpmg In the iron and steel industry, by 1917,

ctric furnaces of both the arc and 1nduct1on type were producing over 100,000 tons of ingot

 castings. The first all-welded‘s ip was c’onstructed in 1920; and the other ship building

eesses were operated by electrlc; ot peiivef for punching, shearing, drilling machines

| woodworking machlnery

e first electric motor drives in hght industnes were in the form of one motor-unit per line of

hafting. Each motor was started once a%day and continued to run throughout the whole

‘Iklng day in one direction ata constant speed All the various machines driven from the

&aﬁmg were started, stopped, r6Ve Sed or Qha;agied in direction and speed by mechanical
‘means.-The development oflmﬁ.‘;gml QIGGII'IC drives, with provisions for starting, stopping and
ced changes, led to the extensive use of the motor in small kilowatt ranges to drive an
ociated single machine, e.g. a lathe One of the pioneers in the use of motors was the firm
Bruce Peebles, Edinburgh. The fi.m1 supplied, in the 1890s,a number of weatherproof,

Ily enclosed motors for quarries in. Dumftries shire, believed to be among the first oftheir
'pe in Britain. The first electric winder ever built in Britain was supplied in 1905 to a Lanark

I concern. Railway electrification started as long ago as 1883, but it was not until long after



n of this century that any major development took place.

Véﬁn.gs for the insulation of wires in the early days included textiles and gutta-percha.
:‘kSin insulation provisions for cables was made when vulcanized rubber was

‘UCed, and it is still used today.

C0S Brothers made the firstapplicationof a lead sheath to rubber-insulated cables. The
Tin which we name cables was also a product of Siemens, whose early system was to

- 2 cable a certain length related to a standard resistance of 0.1 ohm. Thus a No.90 cable in
catalogue was acable‘ofWhiCh 90 yards had a resistance of 0.1 ohm. The Standard Wire
ce also generally knew Cable sizes.

‘many years ordinary VRI CabléS‘made up about 95 per cent of all installations. They were

d first in wood casing, and then in canduit. Wood casing was a very early invention. It was

duced to separate conduc't'(f)"rs“’"‘thi‘s“sepﬁﬁatipn being considered a necessary safeguard

inst the two wires touching and S0 causmg fire. Choosing a cable at the tum ofthe century

uite a task. From one cataloguey alone, one could choose from fifty-eight sizes of wire,

10 less than fourteen dlffe‘rent;gr’ade“sizof'rubber insulation. The grades were described by

1 terms as light, high, mediu - rrh@ilmsulaﬂ@n Nowadays there are two grades of

ilation: up to 600 V and 600 V/ 1 000 V. And the sizes of cables have been reduced to a

re practicable seventeen.

e main competitor to rubber asan nsulating material appeared in the late 1930s. This

> érial was PVC (polyvinyl C‘hléi?‘ldé){i‘é‘sym&l%ic material that came from Germany The

ats erial, though inferior to rubber so‘“far as elastlc properties were concemed could withstand
. effects of both oil and sunhght Durmg the Second World War PVC, used both as wire
ation and the protective sheath, *bccamenwell established.

As experience increased with the:::u?sk'e of TRS cables, it Was made the basis of modified wiring
stems. The first of these was theCalendar farm-wiring system introduced in 1937. This was
ugh rubber sheathed cable with a semi-embedded braiding treated with a green-colored

’ m.:pound. This system ¢virmat o~ the properties of ordinary TRS and HSOS (house-service
wethead system) cables.

 far as conductor material was coticertied. cooper was the most widely used. But aluminum
was also applied as a conductor material. Aluminum, which has excellent electrical properties,
nas been produced on a large con:Hu:iercial scale since about 1890. Overhead lines of aluminum
wvere first installed in 1898. Rnbbet-insulated aluminum cables 0f3/0.036 inch and 3/0.045
nch were madeto the order ofthe British Aluminum Company and used in the early years of

.century for the wiring of'the staff quarters at Kinlochleven in Argyllshire. Despite the fact



[ lead and lead-alloy proved to be of great value in the sheathing of cables, aluminium was
ked to for a sheath of, in particular, light weight. Many experiments were carried out

re a reliable system of aluminium-sheathed cable could be put on the market.
k aps one of the most interesting systems of wiring to come into existence was the MICS
ieral-insulated copper-sheathed cable), which used compressed magnesium oxide as the
ation, and had a copper sheatharid copper conductors. The cable was first developed in
897 and was first produced in France. It has been made in Britain since 1937, first by
otenax Ltd, and later by inhéi‘ firms. Mineral insulatien has also been used with conductors
 sheathing of aluminium. =~

-ferrous conduits were alskb‘“aflféafure of the wiring scene. Heavy-gauge copper tubes were

d for the wiring of the Rayland’s lerary in Manchester in 1886. Aluminium conduit,

ugh suggested during the 19203 'dld not 8= ON the market until steel became a valuable

a2 PVC tube, which can be bent
heat for bending.

compared with earlier material, which required the use

was Thomas Edison who, in addltlon o;ploneerlng the incandescent lamp, gave much

ught to the provision of branch switches i in circuit wiring. The term 'branch' meant a tee off

. a2 main cable to feed small current—usmg items. The earliest switches were of the "turn’

in which the contacts were wipe | ogether in a rotary motion to make the circuit. The

+ switches were really crude efforts made of wood and with no positive ON or OFF
on. Indeed, it was usual prar‘_c:ﬁcé‘tb;ﬁiake-an inefficient contact to produce an arc to 'dim'
ghts! Needless to say, this misuse of the early switches, in conjunction with their wooden
’ ction, led to many ﬁres.‘Bﬁt’*vnew‘imaterials were brought forward for switch
istruction such as slate, marb‘l“e;fa‘rid',’f‘latér, porceiain. Movements were also made more
itive with definite ON and OFF ‘f‘p,'c‘)"si’tions.' The 'turn' switch eventually gave way to the
ibler” switch in popularity: It came into regular use about 1890. Where the name 'tumbler'
inated is not clear; there are many sources, inglugti~~ the similarity of the switch action to
antics of Tumbler Pigeons. Many accessory names, which are household words to the
ricians oftoday, appeared attheltifiiofthe century: Verity's, McGeoch, Tucker, and
tree. Further developments to producethe semi-recessed, the flush, the ac only, and the.

switch proceeded apace. The switches oftoday are indeed of long and worthy



7as one thing to produce a lamp operated from electricity. It was quite another thing to
iSea way in which the lamp could be held securely while current was flowing in its

%Ht The first lamps were fitted with wire tails for joining to terminal screws. It was

mas Edison who introduced, in 1880,the screw cap, which still bears his name. It is said
g0.fthe idea from the stoppers fitted to kerosene cans ofthe time. Like many another really
il idea, it superseded all its competitive lamp holders and its use extended through

ierica and Europe. In Britain, however, it was not popular. The Edison & Swan Co. about
6 introduced the bayonet-cap type of lamp-holder. The early type was soon improved to

lamp holders we know today.

g roses, t00, have an intéréistiﬂghistory; some of'the first types incorporated fuses. The

t rose for direct attachment' t‘d“fC_ ndUIt came out in the early 1900s, introduced by Dorman

of the earliest accessories to fhéivefa:jeartridge fuse incorporated in it was the plug

duced by Dorman & Smith Ltd. | hefuse actually formed one of'the pins, and could be

wed in or out when replacement Was necessary It is a rather long cry from those

neering days to the present syste fof standard socket-outlets and plugs.

y fuses consisted of lead wires lead, bemgrused because of its low melting point.

vas not until the 1930s that the kd‘?i{‘s'ytribﬁtioh‘ of electricity in buildings by means of bus bars

1nto fashion, though the system had been used as far back as about 1880, particularly for
et mains. In 1935 the English Electﬂc Co intraduced a bus bar trunking system designed
meet the needs of the motorcara~1ndustry‘;:It‘ provided the overhead distribution of electricity

! Whlch system individual machmes could be tapped wherever required; this idea caught on

esigns were produced and put onto ethe market by Marryat & Place, GEC, and Ottermill.
- story of electric wiring, its :systfems,"jand accessories tells an important aspect in the

ory of industrial development!a‘rid ihz,the history of social progress. The inventiveness of
old electrical personalities, Combtﬁon,ﬁswan, Ediso~ Kelvin and many others, is well

tth noting; for it is from their bréiﬁ4ehildren that the present-day electrical contracting
ustry has evolved to becomeone’ef the most imjaariat... sections of activity in electrical
eering. For those who are interested in details of the evolution and development of
ctric wiring systems and accessories,good reading can be found in the book by J.

cllanby: The History of Electric Wiring (MacDonald, London).
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Eﬂistorical Review of Wiring Installation
e history ofthe development ofnon-legal and statutory rules and regulations for the wiring

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

ooy received a utilizationimpetusfrom the invention ofthe incandescent lamp, many set
emselves up as electricians ot electrical wiremen. Others were gas plumbers who indulged
the installation of electr‘i:cseasﬁyﬂia matter of paxmal course. This was all very well: the

ntracting industry had to get. started in some way, however ragged. But with so many

ateurs troubles were bound to ulﬁply, And they did. It was not long before arc lamps,

arking commutators, and badly insulated conductors contributed to fires. It was the

insurance companies, which gave their atteation to the fire risk inherent in the electrical

o)

llations of the 1880s. FQremig,Siaﬁg@ng these was the Phoenix Assurance Co., whose

gineer, Mr. Heaphy, was tdlfdi ,; Veetigate the situation and draw up a report on his

hese Rules were produced just a few months after

those of the American Board of FlreUnderwrlters who are credited with the issue ofthe first

wiring rules in the world.

he Phoenix Rules were, howeverf he 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 safet ; “m the electrical wiring and equipment of buildings, was

indicated by a report in 1892, Whlch:ShOWGd the high incidence of'electrical fires in the USA
amd the comparative freedom from ﬁres of electrical origin in Britain.

ee months after the issue of the Phoemx Rules for wiring in 1882, the Society of

elegraph Engineers and Electne;ans;(now the Institution of Electrical Engineers) issued the
lirst edition of Rules and Regulatiené for the PreVeention of Fire Risks arising from Electric
ighting. These rules were drawnyfuip by a committee of eighteen men, which included some of
e 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
esired. But the Society was working;on the basis of laying down a set of principles rather

n, as Heaphy did,_:drawing up a guide or 'Code of Practice'. A second edition ofthe

Society's Rules was issued in 1888. The third edition was issued in 1897 and entitled General

"



yeycomrnended for Wiring for the Supply of Electrical Energy.

l-shave since been revised at fairly regular intervals as new developments and the

of experience can be written in for the considered attention of all those concerned with
«kCtrical equipment of buildings. Basically the regulations were intended to act as a guide
lectricians and others to provide a degree of safety in the use of electricity by
pﬂﬁeUCedpersons such as lioiiseh.olclersThe regulations were, and still are, not legal; that
the law of the land cariofenfordftherri. Despite this apparent loophole, the regulations are
pted as a guide to the ‘préc\‘ﬁ\c‘é bf installation work, which will ensure, at the very least, a
miin standard of work. The ﬁ'sftitutionyof Elgctrizal Engineers (IEE) was not alone in the
ence Of good standasds in electrlcal installatior work. In 1905, the Electrical Trades

! through the London Di ‘

CRimmifite, in a letter to the Phoenix Assurance Co., said

ey view with alarm ’[hé‘lk xtent to which bad work is now being carried out by

ic light contractors . . .. As th ,a,rrying'out ofbad work is attended by fires and other

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

nsiderable influence on wiring ~practlce."1ﬁ'the latter Act it was recognized for the first time

fih‘e generation, distribution an : useofﬁélébtﬁéity in industrial premises could be

gerous. To control electricity j fa and other premises a draft set of Regulations was

r to be incorporated into statut

e the IEE and the statutory régilléﬁdn'sg were making their positions stronger, the British

o >

tandards Institution brought out, and 1 stlllissum& Codes of Practice to provide what are
garded as guides to good practice. The’:pids‘iﬁdﬁ of the Statutory Regulations in this country
 that they form the primary requ1rements,whlch must by law be satisfied. The IEE
egulations and Codes of Practice 1nd1cate supplementary requirements. However, it is
@v:éepted that if an installation is camedout in accordance with the IEE Wiring Regulations,
chit generally fulfils the requii‘enieﬁts‘ of the Electricity Supply Regulations. This means
thala. supply authority can insist upon all cle(;tmoal work to be carried out to the standard of

the IEE Regulations, but cannot insist on a standard which is in excess ofthe IEE

12



;nsu]m is defined as a material, which offers an extremely high resistance to the passage
 electric current. Were it not‘yffor“this property of some materials we would not be able to
ply electrical energy to so many uses today. Some materials are better insulators than

ors. The resistivity of all insulating materials decreases with an increase in temperature.
cause of this, a limit in the ﬁs:e‘i:‘in‘“teﬁlperature is imposed in the applications of insulating

erials, otherwise the insulation?‘wouldsbreak down to cause a short circuit or leakage

rent to earth. The materials used for insulation purposes in electrical work are extremely

ed and are of a most dlversemtun&Bﬁcamme no single insulating material can be used

ensively, different materials are combined 1o give the required properties of mechanical

1gth, adaptability, and n@habi‘litfy:; Sohds, liquids, and gases are to be found used as

A Cotton, silk, paper, and suggﬂ,wq ’rg@mquﬂitenals

impregnated or immersed in oil.

s C - Mica, porcelain glass quartz ‘rand 31m11ar materials.

ass E - Polyvinyl acetal resin. Class.H k Slhcon-glass

- following are some brief descnp‘tlonsipf some of the insulating materials more commonly

1d in electrical work.

.1. Rubber

ed maiinly for cable .insulation: Catnidofbe used for high temperatures as it hardens.

nerally used with sulphur (vulca.ni:.?:yqrubber)and china clay. Has high insulation-
istance value.

1.2. Polyvinyl chloride (PVC)

s is a plastics material, which will tend to flow when used in high temperatures. Has a

13



#CT insulation-resistance  value than rubber. Used for cable insulation and sheathing against

chanical damage.

3. Paper
1st be used in an impregnatedform(resin ~ or oil). Used for cable insulation. Impregnated
;‘parafﬁn wax, paper is usedfofiti.aking capacitors. Different types are available: Kraft,

Or1, tissue, and pressboard.

d for insulators (overhead lmes) In glass fiber form it is used for cable insulation where

ch temperatures are present, or where areas are designated 'hazardous'. Requires a suitable

pregnation (with silicone varnish)}to fill the spaces between the glass fibers.

.5, Mica

is material is used betwee‘nlt‘he gméﬁts'zof commutators of de machines, and under slip

ngs of ac machines. Used Where hlgh temperatures are involved such as the heating elements
electric irons. It is a mmeral Whlch is present in most granite-rock formations; generally
uced in sheet and block formk Mlcamte is the name given to the large sheets built up from

1 mica splitting and can be found backed with papet, cotton fabric, silk or glass-cloth or

shes. Forms include tubes :an‘da kashers. L

1.6. Ceramics
sed for overhead-line insulators and{SWitchgearand transformer bushings as lead-ins for
les and conductors. Also found as switch-bases, and insulating beads for high-temperature

ation applications.

7. Bakelite

. ¥ery common synthetic material found in many aspects of electrical work (e.g. lamp
wldeers, junction boxes), and used as a construction material for enclosing switches to be used

th insulated wiring systems.

-8. Insulating oil

,S is a mineral oil used in transformers, and in oil-filled circuit breakers where the arc

14



drawn out when the contacts separate, is quenched by the oil. It is used to impregnate wood,

per, and pressboard.  This oil breaks down when moisture is present.

.9. Epoxide resin
is material is used extensively for 'potting' or encapsulating electronic items. In larger

ngs it is found as insulating bushings for switchgear and transformers.

@ Textiles

1 oil is the most common msulant n 11qu1d form. Others include carbon tetrachloride,

pone ﬂu1ds and varmshes Sem’ hqmd materlals include waxes, bitumens and some
tic resins. Carbon tetrachl()rlde]ls found as an arc-quencher in high-voltage cartridge
es on overhead lines. Silicoﬁefﬂﬂi‘ds ai‘e used in transformers and as dashpot damping
Varnishes are used for.thin'i"r‘lsulation covering for winding wires in electromagnets.
nes are generally used for ifripregriating capacitors and fibres where the operating
tures are not high. Bitumens are ‘uSed fo1 filling cable-boxes; some are used in a paint
Resms of a synthetic . nature form the basis of the materials known as 'plastics’
iethylene, polyvinyl o}!;\lm"*é,, malami=a and polystyrene). Natural resins are used in

es, and as bonding media for mica and paper sheets hot-pressed to make boards.

15



.NERATION AND TRANSMISSION

e generation of electric is to convert the mechanical energy into the electrical
'gy. Mechanical energy means-that motors which makes the turbine turn.

trical energy must be at d¢:fliniteiyalue. And also frequency must be 50Hz or at other
tries 60Hz. The voltage whichjs g~uierated (the output of the generator) is 1 1KV. After
station the lines which transfefthe generated voltage to the costumers at expected value.
can be done in some ruleS. Tfthe voltage transfers as it is generated up to costumers.
ibe-voltage drop and 160se5.S0.voltage is stepped up. When the voltage is stepped
t will decrease. That is why the voltage is increased. This is done as it is depending
s law. Actually these mean low current. Used cables will become thin. This will be
and it will be easy to install transmission lines. If we cannot do this, we will have to

T ¢able.

er the generated voltage ‘,tﬁé‘s‘e‘ys’teps will be done. Generated voltage (1 1KV) is
) the step-up transformer‘fto‘~ghave-66KV voltage is carried up to a sub-station. In
ation the voltage Willl;,bkev{’s)tépped-kdown again to 1IKV. At the end the voltage
wn to 415V that is used by C‘Qstu‘mers. As a result the value of the voltage has to be

- value. These;

16



€ meaning of the word protection, as used in electrical industry, is not different to that in
ery day used. People protect them selves against personal or financial loss by means of
insurance and from injury or discomfort by the use of the correct protective clothing the
Further protect there propei‘fy by the installati~~ of security measure such as locks and for
arm systems. s
ﬂ'le same way electrical System "'n,éed‘ to be protected against mechanical damage the effect
- the environment, and eyle’é‘t{rica, ’Oxifte‘yl*‘current to be installed in such a fashion that's person
i or dive stock are protéétéd from fhé'dangerous that such an electrical installation may

ate.

.REASONS FOR PROTECTIONS

-2. Mechanical Damage

chanical damage is the term used t‘o"fd‘escribe the physical harin sustains by various parts of
ctrical sets. Generally by 1mpacth1tt1ng cable whit a hammer by obrasing. Cables sheath
ng rubbed against wall corner or by Qollisi@n ce.g. sharp object falling to cut a cable

rent damage of cable sheath‘icj:é‘ryiduitS; ducts trankine and casing)

3. Fire Risk:

cal fire cawed by;

féult defect all missing in ’;hek firing
aults or defects in appliariées

fal-operation or abuse the electrical circuit (e.g. overloading)

Corrosion: S

rewer metal is used there is nofte'n‘ the attendant problem of corrosion and it’s prevented.
iS two necessary corrosion for corrosion.

e prevention of contact between two dissimilar metals ex copper & aluminium.
Prohibition of soldering fluxes which remains acidic or corrosive at the compilation of a

1g operation ex cable joint together.

17



JThe protection metal sheaths of cables and metal conductions fittings where they come into
ﬁfact with lime, cement or plaster and certain hard woods ex: corrosion of the metal boxes.
Protection of cables wiring systems and equipment's against the corrosive action of water,

L o1 dumbness if not they are suitable designed to with these conditions.

1.5. Over current

current, excess current the 'result of either and overload or a short circuit. The
tloading occurs when an extra.load is taken from the supply. This load being connected in
&ﬁel with the existing load in.a.circuit decreases. The overload resistance ofthe circuit and
1t increases which causeslis;:atil 1gthecables and deteriorate the cable insulation. And the
rt-circuit. Short circuit is a direct contact between live conductors

 Neautral condactor. (Fuse)

thed metal work (Operators) S

ectors of overcurrent
nses

rcuit Breakers

< ; .
ice for opening a circuit by means of a conductor designed to melt when an excesive
flows along it . i '

are three types of fuses.

(High Breaking Copacity)  ” |

vireable Fuse:

.ble fuse consists of a fuSe/holder, a fuse element and a fuse carrier. The holder and

are being made porselain Oribakelite. These fuses have designed with color codes,

: /
e matnd on the fuse'holder-as-follows;

18



Table.lI Fuse current rating and color codes

Current Rating Color Codes
5A White
(A Blue
20A o - Yellow
30A ‘k Red

45A L o Green
60A Purple

ut, this type of fuse has disadvantages“.;l)uﬁting wrong fuse element can be damaged and

k so fire risk, can open circuit at starting-current surges.

Z’-%;ea;rt:rldge fuse consists of a porcelam tube wrch metal and caps to which the element is
hed. The tube is filled silica.

They have the advaitage; ever the rewirable fuse of not

&’enoratlng, of accuracy in breaklngﬂat rated values and of not arcing when interrupting

uilts. They are however, expens‘l‘ve tqéreplaee,

aﬁ-}ngh —Breaking Capacity (HBC)f

is a sophisticated variation of the cartrldge fuse and is normally found protecting. motor

ircuits and industrial mstallatlons; Porcelam body filled with silica with a silver element and

type and caps. It is very fast actmg and can dise#imiz... between a starting surge and an

. Circuit-breakers ,
1e circuit breakers can be regarded as a switch, which can be opened automatically by
/

means of a 'tripping' device. It is, however, more than this

ereas a switch is capable ofmaking ar1.d:breakinga current not greatly in excess of'its rated
normal current, the circuit-breaker caiinake and break a circuit, particularly in abnormal
mnditions such as the occasion of a short-circuit in an installation. It thus disconnects

amtornatically a faulty circuit.
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ircuit breaket is selected for a particular duty, taking into consideration the following. (a)
N0rmal current it will have to carry and (b) the amount of current which the supply will
Linto the circuit fault, which current the circuit-breaker will have to interrupt without

’ age to itself.

€ircuit breaker generally has a mechanism which, when in the closed position, holds the
omtacts together. The contacts are separated when the release mechanism of the circuit

er is operated by hand of automatically by magnetic means. The circuit breaker with
gnetic 'tripping' (the ter11lusedf()indicate the opening of the device) employs a solenoid,
his an air-cooled coiLirrtlich6lloW  ofthe coil is located an iron cylinder attached to a
Mechanism consisting ofaseriesdfpivoted  links. When the circuit breaker is closed, the

current passes throughtliesol~11.6id.\Vhen the circuit rises above a certain value (due to

Verload or a fault), the cylitider/1116ves within the solenoid to cause the attached linkage to

apse and, in turn, separatetheicirguit--bfeaker contacts.
reuit breakers are used in martyiil 1.sfallationsin place of fuses because of a number of

ﬁﬂite advantages. First, in the~~~~~~~~~~ verload or fault all poles of the circuit are
'k"ﬁ'vely disconnected. The <:leyicysaretalsocapable of remote control by push buttons, by
I_voltage release coils, orbym~I1~#l~f~getrip  coils. The over-current setting of the
cuitbreakers can be adjustedtqusui{.{l:1y;loadconditions of the circuit to be controlled.
Eiﬂ}l&lag devices can also be intro<lug~<IFsSxthat the time taken for tripping can be delayed

se, in some instances, a fatfffcanclearitself, and so avoid the need for a circuit breaker
i8connect not only the faulty>circiiiit~.bufalsdother healthy circuits, which may be

Ciated with it. The time-lagila~ilit/s;/also/useful ~ in motor circuits, to allow the circuit-
K€rto stay closed while themqtqrta:Res.thehigh  initial starting current during the run-up
fain its normal speed. Aftertli¢y}hayeYtfipped, circuit breakers can be closed immediately
ont loss of time. Circuit-breakef ¢otitacts separate either in air or in insulating oil.
@‘Sﬁtain circumstances, circuitfiieakers}rri.ristbe used with 'back-up' protection, which
olves the provision of HBC (liiglibreaking capacity) fuses in the main circuit-breaker

uit, In this instance, an extrenielylieavYover current, such as is caused by a short circuit,

handled by the fuses, to leave the circuit breaker to deal with the over currents caused by

increasing use for modern electrical installations is the miniature circuit-breaker (MCB). It
used as an alternative to the fuse, and has certain advantages: it can be reset or reclosed
sily; it gives a close degree of small over current protection (the tripping factor is 1.1); it

11 trip on a small sustained over current, but not on a harmless transient over current such as
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witalii ™ surge. For all applications the MCB tends to give much better overall protection
inst both fire and shock risks than can be obtained with the use ofnormal HBC or

irgble fuses. Miniature circuit breakers are available in distribution-board units for final
uit protectioh.

e main disadvantage ofthe MCRis the initial cost, although it has the long-term

rantage. There is also tendencyforthetripping mechanism to stick or become sluggish in
eration after long periods of inaction It is recommended that the MCB be tripped at

uent intervals to 'ease‘kthejspﬁngs"‘ and so ensure that it performs its prescribed duty with

damage either to itself ot to the circuit it protects,

es of fuses;

10A, 16A, 324, 45A, 60A,, 100A.
Earth Leakages: ' o

tection for Earth Leakages: L
¢ ELCB, which stands fof’yEarthi‘fLéakage Circuit Breaker, does this type of protection.

ere are two types of earth leakage circuit breaker.

urrent Operated ELCB (C/O ELCB)

urrent flowing through the live Conductor and back through the neutral conductor and there
1 be opposite magnetic areavihj:.thé :irdif\fihg,:f'so that the trip coils does not operate If a live
y earth fault or a neutral to earﬂlfaultlhapp@ns the incoming and returning current will not be
me and magnetic field will Ciféﬁlkéilfetin the iron ring to operate the trip coil. This type of
fators is used in today.

e following are some of the points, which the inspecting electrician should look for:

| Flexible cables not secure at plugs.

Frayed cables. ) =
 Cables without mecﬁmical ptotéétidh;
Use of unearthed metalwork.
fCircuits over-fused.

Poor or broken earth connections, and especially sign of corrosion.

'Unguarded elements ofthe radiant fires.

' Unauthorized additions to final circuits resulting in overloaded circuit cables.
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Unprotected or unearthed socket-outlets.

Appliances with earthing requirements being supplied from two-pin BC adaptors.
) Bell-wire used to carry mains voltages.

3 Use of portable heating appliances in bathrooms.

) Broken connectors, such as plugs.

Signs of heating at socket-outlet contacts.

e following are the requrrements for electrical safety:

Ensuring that all conductors are sufﬁmem in csa for the design load current of circuits.

Aﬂ equipment, w1r1ng system and ‘accessories must be appropriate to the working

| All circuits are protected agamst over current using devices, which have ratings appropriate

the current-carrying capacity 'of the conductors

Afl exposed conductlve pans areykﬁihﬂeetedﬁom}ler by means of CPCs.

All extraneous conductive parts are bonded together by means of main bonding conductors
d supplementary bonding conductors are taken to the installation main earth terminal.

rﬁrﬂ control and over current pr‘ ‘ctrve dev1ces are installed in the phase conductor.

All electrical equipment has the m ans for thelr control and isolation.

All joints and connections must be meehanma}l secure and electrically continuous and be

essible at all times.

No additions to existing 1nSta11at10ns Should be made unless the existing conductors are
Ticient in size to carry the extra loadrng

) All electrical conductors have to be ‘lnstalled with adequate protection against physical
age and be suitably insulated for thel ei;r;t;uit voltage at which they are to operate.

) In situations where a fault currentto earth is not sufficient to operate an over current
vice, an RCD must be installed. - k

) All electrical equipment mtended for use outside equipotent zone must be fed from
et-outlets incorporating an RCD. |

jﬂ‘he detailed inspection and testmg of installation before they are connected to a mains

ply, and at regular intervals there after.
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'ﬁfﬁcient earthing arrangement is an essential part of every electrical installation and

@m 0 guard against the effects of leakage currents, short-circuits, static charges and
tning discharges. The basic reason for earthing is to prevent or minimize the risk of shock
Uman beings and livestock, and to reduce the risk of fire hazard. The earthing arrangement
wvides a low-resistance drschaois path for currents, which would otherwise prove injurious
2 ’ial to any person touChlng the metalwork associated with the faulty circuit. The

entlon of electric shock rlSk in msﬁallailow is a matter, which has been given close

ntion in these past few years, partmqulaﬂy since the rapid increase in the use of electricity

an ever-widening range of applications.

.EARTHING TERMS

'ﬂﬁﬂection to the general mass of ieéfth:by means of an earth electrode.

Earth Electrode:

metal plate, rod or other cori"ductoffﬁaﬁd or driven in to the ground and used for earthing

work.

,3 ' Earthing Lead:

= ﬁnal conductor by means of Whlch the connectlon to the earth electrode is made.

M@Earth Continuity Conductor (ECC)

> conductor including any lam a@nnacﬁ;ng to the earth or each other those part of an
lation which are required to be earthed. The ECC may be in whole or part the metal
uit or the metal sheath of cables or the special continuity conductor of a cable or flexible

incorporating such a conductor.
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: Earthing Systems:
our electricity system, which is same to UK electricity, is an earthed system, which means
L star or neutral point of the secondary side of distribution transformer is connected to the
reneral mass of earth.
this way, the star pointistuaintained at or about. OV. Unfortunately, this also means that

'SONS or livestock in contactvvitha live part and earth is at risk of electric shock.

shtning protection !
shtning discharges can genera‘té?lérg‘é amounts ofheat and release considerable mechanical
ces, both due to the large ,c’urfeh“té?'ihVOIVed -The recommendations for the protection of
uctures against lightning are: contamed in BS Code of Practice 6651 (Protection of

ctures Against Lightning). iT'k‘e »object of such a protective system is to lead away the very
h transient values of voltage and current into the earth where they are safely dissipated.
us a protective system, to be effectlve,should be solid and permanent. Two main factors

considered in determining,whv‘e‘kc_'héfa structure should be given protection against lightning

Whether it is located in an areaw‘Wher’eflightning is prevalent and whether, because of its
ight and/or its exposed position;iit?;fiS*mo'st‘likely to be struck.

Whether it is one to which damage 1s hkely to be serious by virtue of'its use, contents,
portance, or interest (e.g. exploswes factory, church monument, railway station, spire, radio

mast, wire fence, etc.).

is explained in BS Code of PraCfiéc :665 1 that the 'zone ofprotection' of a single vertical
nductor fixed to a structure is ‘con'éi,dér'edto be a cone with an apex at the highest point of

- conductor and a base of radius :ﬁeQﬁal to the h=isht This means that a conductor 30 meters
gh will protect that part of the structure ‘which comes within a cone extending to 60 meters
diameter at ground level Care isthéi‘éfm‘é necessary in ensuring that the whole ofa

ucture or building falls within the protective zone; ifit does not, two down conductors must
£ Tun to provide two protectivezorieswithinwhich the whole structure is contained. All

llie objects and projections, suchasiuetallicvent pipes and guttering, should be bonded
form part of'the air-termination network.Af! down conductors should be cross-bonded.

e use of multiple electrodes is common. RuJe 5 ofthe Phoenix Fire Office Rules states:
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connections and number. The earth connection should be made either by means of a
per plate buried in damp earth, or by means of the tubular earth system, or by connection
e water mains (not nowadays recommended). The number of connections should be in
mﬁmion to the ground area of the building, and there are few structures where less than two
niccessary ... Church spires, high towers, factory chimneys having two down conductors
puld have two earths which may be interconnected.

the component parts of a lightning-protective system should be either castings of leaded
hetal, copper, naval brass or wrought phosphor bronze, or sheet copper or phosphor

nze. Steel, suitably protected from corrosion, may be used in special cases where tensile or
pressive strength is needed.

terminations constitute that part of dice system, which distributes discharges into, or
o¢ts discharges from, the at:1;nosphere. Roof conductors are generally of soft annealed

é& strip and interconnect the various air terminations. Down conductors, between earth
the air terminations, are also of soft-annealed copper strip. Test points are joints in down
ductors, bonds, earth leads, which allow resistance tests to be made. The earth

inations are those parts of the system designed to collect discharges from, or distribute
ges into, the general mass of earth. Down conductors are secured to the face of the

cture by 'holdfasts' made from gunmetal The 'building-in' type is used for new structures;
caulking type is used for existing structures.

a lightning protection system, the resistance to earth need not be less than 10 ohms. But
the case of important buildings, seven ohms is the maximum resistance. Because the
edtiveness of a lightning conductor is dependent on its connection with moist earth, a poor
h connection may render the whole system useless The 'Hedges' patent tubular earth
:Vﬁdes a permanent and efficient earth connection, which is inexpensive, simple in

truction and easy to install. These earths, when driven firmly into the soil, do not lose

ir efficiency by changes in the soil due to drainage; they have a constant resistance by

on of their being kept in contact with moist soil by watering arrangements provided at
und level. In addition, tubular or rod earths are easier to install than plate earths, because

= fatter require excavation.

ightning conductors should have as few joints as possible. Ifthese are necessary, other than
e festing-clamp or the earth-electrode clamping points, flat tape should be tinned,

ldered, and riveted; rod should be screw-jointed.

lightning protective systems should he examined and tested by a competent engineer after
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npletio~ alteration, and extension. A routine inspection and test should be made once a

T and any defects remedied. In the case ofa structure containing explosives or other

able materials, the inspection and test should be made every six months. The tests
iﬁdinclude the resistance to earth and earth continuity. The methods oftesting are similar
those described in the IEE Regulations, though tests for earth-resistance of earth electrodes

uire definite distances to be observed.

ti*static earthing (
ic', which is a shortened term for 'stat’ic‘electric discharge' has been the subject of
ing concern in recent years partly due to the increasing use ofhighly insulating

: renals (various plastics and textlle ﬁbres)

hing practice

ﬂﬂirect Earthing

= term 'direct earthing' means connection to an earth electrode, of some recognized type,

reliance on the effectiveness of over current protective devices for protection against

ick and fire hazards in the even 0 fan earth fault. If direct earthing protects non-current-

g metalwork, under faultcondr‘uons a potential difference will exist between the

talwork and the general mass of earth to ‘which the earth electrode is connected. This

ential will persist until thepr@ » device comes into operation. The value ofthis

ential difference depends onthellne Vbltage, the substation or supply transformer earth

istance, the line resistance, thefaiﬂtresristanﬁei;and finally, the earth resistance at the
lation. Direct earth connectlons are made with electrodes in the soil at the consumer's

ises. A further method of eﬁfebﬁﬁigdr@nenbnn to earth is that which makes use ofthe

mihc sheaths of underground cables Brlt such sheaths are more generally used to provide a

ct metallic connection for the return of earth-fault current to the neutral ofthe supply

fem rather than as a means of drrect connectron to earth.
: earth electrode, the means by Whlch a connectron with the general mass of'earth is made,
take a number of forms, and can appear elther as a single connection or as a network of

?trple electrodes. Each type of electrode has its own advantages and disadvantages.

design of an earth electrode system takes into consideration its resistance to ensure that
s is of such a value that sufficient current will pass to earth to operate the protective system.

ust also be designed to accommodate thermally the maximum fault current during the
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me it takes for the protective device to clear the fault. In designing for a specific ohmic
stance, the resistivity ofthe soil is perhaps the most important factor, although it is a

ble one.

urrent rating or fault-current capacity ofearth electrodes must be adequate for the 'fault-
re:nt/time-delay’ characteristic ofthe system under the worst possible conditions. Undue

g of'the electrode, which would dry out the adjacent soil and increase the earth

ce, must be avoided. Calculated short-time ratings for earth electrodes of various types
available from electrodemarnufacfurerssthese ratings are based on the short-time current
ng of the associated protective devices and a maximum temperature, which will not cause
age to the earth connections or to the equipmeat.. with which they may be in contact.

neral soils have a nega‘uve temperature coefficient of resistance. Sustained current

mgs result in an initial decrease in electrode resistance and a consequent rise in the earth-
current for a given applied. Voltjage.;:However, as the moisture in the soil is driven away

the soil/electrode interfa‘(:e,’rthe}reSiStahcerises rapidly and will ultimately approach

if the temperature rise ~is~fk‘s’ufﬂeient‘. This occurs in the region of 100'C and results in

omplete failure of the electrodef

current density of the electrode is foﬁnd‘by:

= L92x 103
Cumntﬁdﬁnsity et

| S A At
I = short-circuit fault curt nt, A area (m cm ) t = time in seconds (duration of'the

rﬁo:mula assumes a temperature rlse of 120 C over an ambient temperature of 25°C, and

- of high-conductivity copper The formula does not allow for any dissipation of heat
he ground or into the air. :

fémlt conditions, the earth electrode 1S raised to a potential with respect to the earth
dmg it. This can be a.l(;ulated from the prospective fault current and the earth

ce of the electrode. It results in the ex1s’£enee of voltages in soil around the electrode,
may harm telephone and pilot cables (whose cores are substantially at earth potential)
1o the voltage to which the Sheath’s"of such cables are raised. The voltage gradient at
: ace of the ground may also constitute a danger to life, especially where cattle and
kare concerned. In rural areas, for instance, it is not uncommon for the earth-path
ce to be such that faults are not cleared within a short period oftime and animals

congregate near the areas in which current carrying electrodes are installed are liable to
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2ive fatal shocks. The same trouble occurs on farms where earth electrodes are sometimes

d for individual appliances. The maximum voltage gradient over a span of 2 meters to a 25

diameter pipe electrode is reduced from 85 per cent of the total electrode potential when
fop of the electrode is at ground level to 20 per cent and 5 per cent when the electrode is
ied at 30 cm and 100 cm respectively. Thus, in areas where livestock are allowed to roam
1s tecommended that electrodes be buried with their tops well below the surface ofthe soil.
Tosion of electrodes due to oxidation and direct chemical attack is sometimes a problem to
comsidered. Bare copper acquires a protective oxide film under normal atmospheric

tions which does not result in anyp:r9gtessive wasting away of'the metal. It does,

ever, tend to increase the resistance qfj oints at contact surfaces. It is thus important to

© that all contact surfacesiincopper~qrk,guchas at test links, be carefully prepared so
2ood electrical connectionsil:11"CtI11ug¢l.¢.Jestlirskould be bolted up tightly. Electrodes
not be installed in grouri~,t~1~tis?61 Itafuinated by corrosive chemicals. If copper
tors must be run in ant:1.t111(.)spfte:r~cg:ntuininghydrogen sulphide, or laid in ground

10 contamination by.cort6siy¢cliep:ijculs/they should be protected by a covering of
adhesive tape or a wrappiri~i~rs~~~r~thersuitable material, up to the point of

ction with the earth electrqgl.e;: 13 1¢ctrolytiorrosion will occur in addition to the other
of attack if dissimilarinet~1,s/~fe(il 1.i¢()nta.cfaexiposed to the action of moisture. Bolts
/ets used for making con.nggtigijs/il 1.cgppei-fyoshould be of either brass or copper.

¢d copper should not be;rlll'l..ijjdirc:ctcoritactwith ferrous metals. Contact between
copper and the leadsheath()i-{a,rfii.qtiriijg()fcableshould be avoided, especially

ound. If it is impossibletq<~y()j<:J.tlie\connectiaf dissimilar metals, these should be
!;%:ﬁci by painting with a moisfu.r@'--:r@'sistirig.bituminouspaint or compound, or by

ng with PVC tape, to ex:¢ltid@'i.~I11116isture.

llo'wingare the types ofeleetrqgl.¢s\usedto make contact with the general mass of earth:
es. These are generally mad¢tfromcopper, zinc, steel, or cast iron, and may be solid or
ce type. Because oftheir.111a.gs,Jlieytendo be costly. With the steel or cast-iron types
Whe taken to ensure thatth.e t¢1'nlinationofthe earthing lead to the plate is water-
to.prevent cathodic actiontakingiplace at the joint, Ifthis happens, the conductor will
ly become detached fromthe.platea.nd render the electrode practically useless. Plates
yinstalled on edge in a hole in the.ground about 2-3 meters deep, which is

tly refilled with soil. Because one plate electrode is seldom sufficient to obtain a
Siance earth connection, the cost of excavation associated with this type of electrode

onsiderable. In addition, due to the plates being installed relatively near the surface of
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the ground, the resistance value is liable to :fluctuate throughout the year due to the seasonal
ﬁh@hges in the water content of the soil. To increase the area of contact between the plate and
€surrounding ground, a layer of charcoal can be interposed. Coke, which is sometimes used
as an alternative to charcoal, often has a high sulphur content, which can lead to serious
Ofrosion and even complete destruction of'the copper. The use of hygroscopic salts such as

calcium chloride to keep the soil in a moist condition around the electrode can also lead to

) Rods. In general rod electrodeshiivemariy — advantages over other types of electrode in that
they are less costly to install. Theydéndt>requite much space, are convenient to test and do
Qfcreate large voltage gradientsbetiiuse'the  earth-fault current is dissipated vertically.
Deeply installed electrodes areiiofstibj~6t'tdisea.sotial resistance changes. There are several
WPGS of rod electrodes. The solidcopperfodigives  excellent conductivity and is highly
TeSistant to corrosion. But ittefiiistobeiexpensivecirid,  being relatively soft, is not ideally
suited for driving deep into hea.vyisoils/15eca.lise it is likely to bend if it comes up against a
large rock. Rods made from egiilvanizetl?steeFareinexpensive and remain rigid when being
IN%3)led. However, the life ofg~~~~:izrffsteeVinacidic  soils is short. Another disadvantage is
that the copper earthing lead connectionto the rod must be protected to prevent the ingress of
moisture. Because the conductivityofsteefisefiilich less than that of copper, difficulties may
arise, particularly under heavyfiil.ilt\currenfconditions ~ when the temperature ofthe electrode
wilts rise and therefore its inhe:fenftesistarice. This will tend to dry out the surrounding soil,
increasing its resistivity valuea:djf~~~l~~ngillageneral = increase in the earth resistance of the
electrode. In fact, in very severefmiltconditions, the resistance ofthe rod may rise so rapidly
and to such an extent that protective equipment may fail to operate.

The bimetallic rod has a steel cofean.da copper exterior and offers the best alternative to
either the copper or steel rod. ThesteeFcoregives the necessary rigidity while the copper
exterior offers good conductivity and resistance to corrosion. In the extensible type of steel-
“cored rod, and rods made from bard .dra.\vri.copper, steel driving caps are used to avoid
splaying the rod end as it is being driveriintéthe soil. The first rod is also provided with a
pointed steel tip. The extensible rods are fitted with bronze screwed couplings. Rods should
be installed by means of a power driven hammer fitted with a special head. Although rods
should be driven vertically into the ground, an angle not exceeding 60° to the vertical is

recommended 1in order to avoid rock or other buried obstruction.
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Strlp.Copper strip is used where thesoil is shallow and overlies rock. It should be buried

atrench to a depth ofnot less than 50 cm and should not be used where there is a

ibility of the ground being disturbed (e.g. on farmland). The strip electrode is most
ffectiveif buried in ditches under hedgerows where the bacteriological action arising from

€ decay of vegetation maintains a low soil resistivity.

Earths mat These consist of;copperwire buried in trenches up to one meter deep. The mat
can be laid out either linearly or in 'star' form, 2= terminated at the down lead from the

mansformer or other items of equipment to be earthed. The total length of conductor used can

line conductor was used but because of the i mareasmg amount of aluminium now being used,

scrap copper conductor is scarce The most common areas where this system is still used are

vhere rock is present near the| s"f’ : ’c,e;o‘f;the soil, making deep excavation impracticable. As
with plate electrodes, this metho »;of‘earthmg is:subject to seasonal changes in resistance.

Also, there is the danger- of voltage gradlents Dbeing created by earth faults along the lengths of

buried conductor, causing a r1sk tf

: \\\

5.3. Important Points of»Earft‘h‘i‘hg ;

To maintain the potential of : any part of 'a system at a definite value with respect to earth.

1. To allow current to flow to earth in the event of a fault so that, the protective gears will

operate to isolate the faulty cn‘cul,l“

II. To make sure that in theevent‘of a’fault'f,s apparatus "Normally death (OV)" cannot reach a

dangerous potential whit respect to fearth; i

5.4. Electric Shock: ;

This is the passage of currentthrough :fhe body of such magnitude as to have significant
harmful effects these value of currents are;

ImA-2mA Barely perceptible;‘;ho harmful effects

5mA-10mA Throw off. naihﬁllﬁSensation

10mA-15mA Muscular cohfiitcfion, cannot let go

20mA-30mA Impaired breathing

50mA and above Ventricular fibrillation and earth.

There are two ways in which we can be at risk.
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| Touching live parts of equipment for systems. That is intended to be live. This is called

ct contact.

} Touching conductive parts which are not meant to be live, but which have become live

122 to afault. This is called indirect contact.

.5. Earth testing

IEE Regulations requires that tests he made on every installation to ensure that the earthing

arrangement provided for that~installati011~ is effective and offers the users of the installation a
‘ilsfactory degree of protectlon agalnst earth-lea{kage currents. The following are the
dividual tests prescribed by the Regulatlons

. Circuit-protective conductors
egulatwn 713-02-01 requlres that every circuit-protective conductor (CPC) be tested to
erify that it is electrically sound and correct ly connected. The IEE Regulations Guidance

lotes on inspection and testmg g1ve detaﬂs on the recognized means used to test the CPC. For

each final circuit, the CPC forms part m :the earth—loop impedance path, its purpose being to
connect all exposed conductwe parts m the cn*cult to the main earth terminal. The CPC can
take a number of forms. If metalhc condult or trunking is used, the usual figure for ohmic
resistance of one-meter 1ength 1s 5 mllhohms/m

Generally if the total earth—loop 1mpedance (Zs) for a particular final circuit is within the

maximum Z; limits, the CPC is th‘ n”regarded as being satisfactory. However, some testing

specificatiouns for large mstallatlons do: requn‘e a separate test of each CPC to be carried out.

The following descriptions of such 1ests refer to a.c. installations.

N. Reduced a.c, test.

In certain circumstances, the testing equigtuwen. in the a.c. test described above is not always
available and it is often necessary to“‘lyi‘s“‘e hand-testers, which deliver a low value oftest current
at the frequency ofthe mains supplf.(~‘~éifall‘(‘>wing for the resistance ofthe test lead, a value
for impedance of 0.5 ohm maximum should be obtained where the CPC, or part of’it, is made
from steel conduit. Ifthe CPC is in whole 6r in. part made of copper, copper-alloy, or

aluminium, the maximum value is one ohm.




Direct current.

ere it is not convenient to use a.c. for the test, D.C. maybe used instead. Before the D.C. is
lied, an inspection must be made to ensure that no inductor is incorporated in the length of
CPC. Subject to the requirements of the total earth-loop impedance, the maximum values
impedance for.the CPC should be 0.Sohm(if of steel) or one ohm (if of copper, copper-

¥ or aluminium).

resistance of an eartf1~00ntinuity conductor, which contains imperfect joints, varies with

£ test current. It is therefore. recommended that a D.C. resistance test for quality is made,

%’ﬁﬁm‘c at low current, secondly Wlth hlgh current, and finally with low current. The low-current
=sts should be made with an mstrument dehvermg not ere than 200 mA into one ohm; the

gh-current test should be made 2

':10;‘A‘ or such higher current as is practicable. The open-

rcuit voltage of the test se’t‘,{ShOu | be less than 30 V. Any substantial variations in the
ditgs (say 25 per cent) Wllllndlc te fél‘lil‘tijoints in the conductor; these should be
ctified. If the values obtained

‘ W1th1nthe variation limit, no further test ofthe CPC is

@&ccessary.

IV. Residual current devices
IEE Regulation 713-12-01: requlre hat Where an RCD provides protection against indirect

contact, the unit must have its effecnveness tested by the simulation ofa fault condition. This

test is mdependent of the unit's « own test faclhty The consumer who is advised to ensure that

the RCD trips when a test current

xov1ded by an internal resistor, is applied to the trip-coil of
the unit designs the latter for use. ué, on pressing the 'Test' button the unit should trip
immediately. If it does not it may ndi ate ‘that"a fault exists and the unit should not be used
with its associated socket-outlet, partlcularlylf the outlet is to be used for outdoor equipment.
~ The RCD has a normal trippingf/cufrénti of 30 mA and an operating time not exceeding 40 ms
at a test current of 150 mA. ;

RCD testers are commercially availabie; which allow a range of'tripping currents to be
applied to the unit, from 10 mA upwards. In general the lower the tripping current the longer
will be the time of disconnection:

It should be noted that a double pole RCD is required for caravans and caravan sites and for

agricultural and horticultural installations where socket-outlets are designed for equipment to

be used other than 'that essential to the welfare of livestock'.
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Eartli-electrode resistance area

general mass of earth is used in electrical work to maintain the potential of any part ofa
rstemat a definite value with respect to earth (usually taken as zero volts). It also allows a
ént to flow in the event ofa fault to earth, so that protective gear will operate to isolate the
ulty circuit. One particular aspect of the earth electrode resistance area is that its resistance
s by no means constant. It varieswithzaeamountofmoisture in the soil and is therefore
mb}%ct to seasonal and other changes. A.s.fiiegeneral mass of earth forms part ofthe earth-
ult loop path, it is essential attimestoikfiO\Vits actual value ofresistance, and particularly of
area within the vicinity of the earth eleetrod... The effective resistance area of an earth
lectrode extends for some ‘diStahcélarOuﬁd;thc actual electrode; but the surface voltage dies
away very rapidly as the distaﬁcé'ffom ;thé electrode increases . The basic method of

maasurmg the earth-electrode re51stance iS to pass et into the soil via the electrode and to

measure the voltage needed to p , du e‘fchls current. The type of soil largely determines its

E?%Slstwlty The ability of the SOll‘tO conduct currents is essentially electrolytic in nature, and is

therefore affected by moisture ln the 011 and by the ehamigal composition and concentration

f salts dissolved in the contalned W’ . ker : Gram size and distribution, and closeness of packing

are also contributory factors, smce these control the manner in which moisture is held in the

sojl. Many of'these factors Vary locally The following table shows some typical values of soil

resistivity.
2.s011-resistivity values

Approximate value in ohm-cm

200 to 350

400 to 15,000
Chak 6000 to 40,000
Sand_‘; 9000 to 800,000
Peat s 5000 to 50,000
Sandy gravel 5000 to 50,000
Rock 100,000 upwards

When the site of an earth electrode is to pe considered, the following types ofsoil are

recommended, in order of preference:
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'et marshy ground, which is not too well drained.

"ay, loamy soil, arable land, clayey soil, and clayey soil mixed with small quantities of

3%1 and loam mixed with varying proportions of sand, gravel, and stones.

Damp and wet sand, peat.

sand, gravel, chalk, limestone, whitist()ti~;granite, and any very stony ground should be
vided, as should all locations.whete yirgil'.1fockis very close to the surface.

orical treatment ofthe soil is soirietiiriesused to improve its conductivity Common salt is
y suitable for this purpose. Calcium chloride, sodium carbonate, and other substances are
beneficial, but before any cheiriicaltrea.tirientis applied it should be verified that no
rosive actions would be set up, particularly on the earth electrode. Either a hand-operated
ter or a mains-energized doubleéWound trahsformer can be used, the latter requiring an

meter and a high-resistance Voltmeter The former method gives a direct reading in ohms

n the instrument scale; the. lattefimet“hed;i‘equires a calcwlatior in the form:

Voltage

%ﬁmd electrode is driven mldwav between them To ensure that the resistance area of the first

o electrodes do not overlap, the' hlrdf electrode is moved 6 meters farther from, and nearer

. the electrode under test. The threef‘tests ’should give similar results, the average value being
ken as the mean resistance of ~~thefeerthje1ectrode.

ne disadvantage of using the siihple‘methOd of earth electrode resistance measurement is

at the effects of emfs (owing totéleetrbl"‘yitic ackio in the soil) have to be taken into account
when testing. Also, there is the pos31b111ty of stray earth currents being leakages from local
@ksitrlbutlonsystems Because of this it is usual to use a commercial instrument, the Megger

earth tester being a typical example.

W1 Earth-fault loop impedance
Regulation 113-11-01 stipulates that where earth-leakage relies on the operation of over
current devices, an earth-loop impedance test should be carried out to prove the effectiveness

ofthe installation's earthing arrangement. Although the supply authority makes its own earth-
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P impedance tests, the electrical contractor is still required to carry out his own tests. The
sts carried out by a supply authority will not absolve the contractor from his legal
“ESponsibilities for the safe and effective operation of protection equipment which he may
msta|| as part of a wiring installation. This applies both to new installations and extensions to
Sfing installations. Earth-loop impedance tests must be carried out on all extension work of
ajor importance to ensure that the earth-continuity path right back to the consumer's

earthing terminal is effective andwill enable the protective equipment to operate under fault

conditions.

V1l. Phase-earth loop test. :
This test closely simulates the COIldlUOﬂ Wthh would arise should an earth- fault occurs. The

truments used for the test create an art1ﬁc1a1 fault to earth between the 'me and earth

fmnductors and the fault current ‘hIChIS limited by a resistor or some other means, is

allowed to flow for a very short’penod Durmg this time, there is a voltage drop across the

xmltmg device, the magnltude o ,hlch depends on the value ofthe earth loop. The voltage

op is used to operate an inst: rtnneﬁtJmo 1, u ., with an associated scale calibrated in ohms.
The contribution ofthe should be not more than one ohm. This
is to ensure that the voltage dr‘op;racf;oss any two Points on the conductor is kept to a low value
‘and, under fault conditions théi‘é Wlllbeno danger te any person touching it at the time ofthe
test. e

| The testers, which are commerc1ally avaﬂable include both digital readouts and analogue

scales, and incorporate indications of 'the circuit condition (correct polarity and a proven earth
onnection). The readings are in ‘oth and represent the earth-loop impedance (Zs). Once a
reading is obtained, reference must bemade to IEE Regulations Tables 4181 to 41D, which
give the maximum values of Z which réfer to: (a) the type of over current device used to
protect the circuit and (b) the ratlng of the dev1ce Reference should also be made to any
previous test reading to see whether any lncrease in Zs has occurred in the meantime. Any
increase may indicate a dﬁitemoratmg condltlon in the CPC or earthing lead and should be
investigated immediately. The Values of ZS lndlcated in the Tables are maximum values,
which must not be exceeded if the relevant circuits are to be disconnected within the
disconnection times stated.

Before a test is made, the instrument should be "proved' by using a calibration unit, which will

ensure that it reads correctly during the test. It is also recommended that the serial number and
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- or made’ used for the test should be recorded, so that future tests made by the same tester

produce readings, which are correlated.

Types of Cables:

ingle core cable
‘wo-core cable
Three-core cable

.Composite cable

Applience Wiring cable

The range oftypes of cables used 1nelectrlca1 work is very wide: from heavy lead-sheathed
and armored paper-insulated cable‘ks‘ to thedomestlc flexible cable used to connect a hair-drier
the supply. Lead, tough-rubber, PVC ain:d, ther types of sheathed cables used for domestic
_ and industrial wiring are generally placed under ~ heading of power cables. There are,
however, other insulated copper conductors (they are sometimes aluminum), which, though
by definitions are termed cables, are sometimes not regarded as such. Into this category fall

for these rubber and PVC insulated conductors drawn into some form of conduit or trucking
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: ,méstic and factory wiring, and similar conductors employed for the wiring of electrical
pment. In addition, there are the various types ofinsulated flexible conductors including
tsed for portable appliances and pendant fittings.

main group of cables is 'flexible cables', so termed to indicate that they consist of or more
,Jeach containing a group of wires, the diameters ofthe wires and the construction ofthe

€being such that they afford flexibility.

sle-core.

€ are natural or tinned copperwires.ii.'fh~jn.sulating materials include butyl -rubber,
icon-rubber, and the more familiar PVC.

synthetic rubbers are providkedk With braiding and are self-colored. The IEE Regulations
gnize these insulating matenals for tvvm—and imulti-core flexible cables rather than for use

single conductors in conduit o} 'runklng wmng systems. But that are available from the

ble manufacturers for spe01ﬁc msu}aﬁmn ;cequnr&mmts Sizes vary from | to 36 mm squared
V() and 50 mm squared (synthetlc’rubbers).

wo-core or 'twin' cables are flat or circular. The insulation and sheathing materials are those

sed for single-core cables. The circt Iarcables require cotton filler threads to gain the circular

shape. Flat cables have their two coreslald s1de by side.

Three-core.

These cables are the same in all respek‘cts to single-and two-core cables except, of course, they

Composite cables are those, which, in an addition to carrying the currency-carrying circuit
eonductors, also contain a ¢t(311tnputp.C-tfp. conductor

_ To summarize, the following group of cable types and sppaliastic=- are to be found in

’ electrical work, and the electrician, at one time or another during his career, may be asked to

nstall them.

Wiring cables.

Switchboard wiring; domestic at workshop flexible cables and cords. Mainly copper
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wer cables.
%ﬁﬁv}’ cables, generally lead sheathed and armored; control cables for electrical equipment.

copper and aluminum conductors.

Mlining cables.
In this figld eables are used for trailing cables to supply equipment; shot-firing cables;
dway lighting; lift -shaft wiring; signaliﬁnyg, telephone and control cables. Adequate

protection and fireproofing are features of cables for this application field.

ip-wiring cables.

ese cables are generally lead-sheath dandarmored, and mineral-insulated, metal-sheathed.

UJGS andRﬁg}dh@&mns and with Admiralty requirements.

ables must comply with Lloyd' ;

Overhead cables. . o
@me, lightly-insulated and iné‘iilatedf Cbﬁduétbrs of eppipe., copper-cadmium and aluminum
zenerally. Sometimes with Stéel core fér'éddéd‘Strength. For overhead distribution cables are

PVC and in most cases comply Wltthtlsh Telecom tequirements.

Communication cables. . e
his group includes teleViSiOh‘d’QWﬁ?léadS‘and radio-relay cables; radio frequency cables;

elkephonecables.

Welding cables.

These are flexible cables and heavy cords with either copper or aluminum conductors.

Electric-sign cables.
PVC-andrubber-insulated cables<forh.igh.'..voltagtischarge lamps able to withstand the high

_voltages.

Equipment wires.
Special wires for use with instruments, often insulated with special materials such as silicon,

rubber and irradiated polythene.
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pliance-wiring cables.

group includes high-temperature cables for electric radiators, cookers, and so on.
ation used includes nylon, asbestos, and varnished cambric.

ting cables.

les for ﬂ@@ﬂ”—warming, road-heating, soil--yvarming, ceiling-heating, and similar

exible cord is defined as a flexible cable in which the csa of each conductor does not
d 4 mm squared. The most common ‘types;iof flexible cords are used in domestic and
dustrial work. The diameter of each sitand or wire varies from 0.21 to 0.31 mm.

ble cord come in many sizes and ;typ"es;for Cuuvenience they are groups as follows:

win-twisted: These consist:‘of‘one:s‘ingléaiﬁ‘sulated stranded conductors twisted together to
n a core-cable. Insulation used is vulcamzed rubber and PVC. Color identification in red
and black is ofen provided. The rubber is profected by a braiding of cotton, glazed-cotton,

znd rayon-barding and art1ﬁc1a1‘s1lk;‘The‘ PV C-insulated conductors are not provided with

additional protection.

IL Three-core (twisted): Generally as two -twisted cords but with a third conductor colored

green, for eating lighting fittings.

. Three-core (circular): v:iiiuiyy as twin-core circular except that the third conductor is

cojored green and yellow for earthing purposes.
IV. Four-care (circular): Generally as twin- core circular. Colors are brown and blue.

. Parallel twin: These are two strandedconductors laid together in parallel and insulated to

fotm a uniform cable with rubber or PVC.

V1. Twin-core (flat): This consists oftwo stranded conductors insulated with rubber, colored

red and black. Lay side-by-side and braided with artificial silk.
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High-temiperature lighting, flexible cord: With the increasing use of filament lamps
ich produce very high temperatures, the temperature at the terminals of a lamp holder can
h 71 centigrade or more. In most instances the usual flexible insulators (rubber and PVC)
- quite unsuitable and special flexible cords for lighting are now available. Conductors are
etally ofnickel-plated copper wires, each conductor being provided with two lapping of
= fiber. The braiding is also'varnishedwith silicone. Cords are made in the twisted form

o-and three-core).

MI/Flexible cables: These cables are made with stranded conductors, the diameters being
. 0.4, 0.5, and 0.6 mm. They are generally used for trailing cables and similar applications

ete heavy currents up to 630 A are to be carried, for instance, to welding plant.

Coaxiel cables (antenna~“ééblé): "‘ o
tenna cables is a special cable which iS“u‘sed to transfer high frequancy. This cable is a
of flexible cables. We ii‘sk‘e“lthlsffc”aléfforTV. We are using this type of cable between

levision sockets and from television to antenna.

Telephone cables: .

lephone cable is special Cablé“."kWéf use telephene, circuit in the buildings and also for
wtercom circuits. This sak!=e areveryshm Telephene cables are not same as electric cables.
here are a lot of size the telephéii‘k‘fi@a‘bles.* Telephone cables are 0.5mm and everytime one

ble is extra near this cables.

Table ‘5‘3.1Teleph0ne cables sizes

TX270.5 mm

2x2+0:5 mm

3x2+0.5 mm

4x2+0.5 mm
6x2+0.5 mm
10x2+0.5 mm
15x2+0.5 mm
20x2+0.5 mmz2
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onductor Identification:

: wiring regulations require that all conductors have to be identified by some meaning to
ate their functions i.e. phase conductors of a 3 phase system are colored by red, yellow,
with neutral colored by black, protective conductors are identified by green or
owgreen. In British Standard;

Phase

Neutral

Earth

have some methods to identify the conductors.

olouring of the conductor 1nsula’uon

Eﬁnted numbers on the conductor

Colorued adhesive cases at the termmatlon of the conductor

olored see levels types at the‘termmatlon of the conductors

Numbered paint for bare conductors '

Colored discs fixed to the term1nat1on of conductors e.g. on a distribution board.
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Table 4. Standard thickness of cables

Cable size
0.75 mm

Imm

1.5 mm?

25 mm”
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MM

Table 4. Plastic pipes thickness and length

Length (M)

3

G| | L W o,
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PTER 8.
ES of INTAKE POSITION

aretwo types of intake position;
r-Head Transmission Lines

enground Tramsniissdan Lines
Over-Head Transmission Lines
-metal is put ( Jlon to building, whicffiS near to the transmission lines. We connect the
5. W-hich are coming frompillai-;iothe  "TPoint", and, the lines will be gotten into the box

e metering units.

Under-ground Intake:

- are taken from pillar but@hérg ~‘uhdef-ground cable is used. When the cable put under-

nd. it will be done in some rules. These rules are; -

Earth will be doggcd(depthneaﬂyl 00 cm)
Sand will be separated in channel

Plastic pipes will be put into channel
Again sand is separated*éritd bipes

And these are cowered by cement

Cable will be passed thro‘ilgh the pipes to the box of metering units.

er these the lines are conneéted to the HRC (High Rupturing Fuses) fuses. And then,

tout, metering unit, operator, and distribution board.
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APTERO.
IMESTIC INSTALLATIONS

General Rules for Domestic Installation
Te are two types of installation

:mface Installation
Under plaster instsllation

lation system at costumers place
ERATOR mmp DISTRIBUTION BOARD mm FUSES nmt LINES (CABLES)
§30th types of 1nstallat10n same mam prmmple is accepted these are;

Lines from metermg umt Wﬂl be apphed to the operator (V/0, C/0) or if operator is

distrlbutlon board, we pu‘[ 2-pole~1solator into box of metering unit and earth continuity

nductor will come from anotherkplace not Wlth line and neutral conductor. Ifthe operator is

: Slde of the operator line neutral eartthH be connected together to 2-pole isolator, which

in distribution board. These'maVb 3 ?Dhase or [ phase operator or isolator.

In distribution board for‘eaCh type of circuit different cable sizes and fuses or

ature circuit breakers are used

.2, POWER CIRCUITS
Sockets

ere are two types of sockets.
I.  Radial Socket Circuit

II.  Ring Socket Circuit

,‘ ) Radial Socket Circuit:

We have some standards.
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Iﬂ a kitchen area two sockets can be put in radial socket circuit with 2.5 mm" conductor

15 amps. fuse.

N an area, which is not in kitchen and less, than 30 mz 6 sockets can be put in radial
cuit with 2.5 mnr' conductors and 15 Amp. fuse.

} If the area is greater than 30 m2, 6 sockets can be put in a radial socket cet. With 4 mnr'

nductor and 20 Amp. fused.

Figure 1. Radial socket circuit

- "D"‘ _' "" 'D"' ——O Socket

b-)Ring Socket Circuit:

Ring means, you will startfrom one pdiht~arid after you went to each point, you will come
back to fist point. ol -
-) Any number of socket can be put m a ring socke* circuit if the area less than 100 m2 if

ea is greater than 100 m? l“any

building. You have to another ring socket circuits.

2) From any sockets in a ring*’SZOCkét’\S'ﬁ‘ circuits you can put spur from each sockets.

3-) Only one stationary appliahéfé can be put ina ring socket circuit either include in the ring
or taken as a spur. (Washing machine, dish washer, bathroom heater or heater, and water

pump)

NOTE: If these are rowiactsd tothe rlng ;SQCke’I circuit as a spur or with any heater switch.
The heater switch has to be fused.

For other power circuits ‘of fuse.

Figure 2. Ring socket circuit

--D--D--D--Q

DB -, |
-[]--—--[}--fr Socket 46




Figure 3. Ring socket circuit with spur sockets

Spur

Earth Fuses
2.5 mm2 30A

| mm" 15 A

| mm" 15 A

1 iInm" 15A

| mm2 X 5A
2.5mm" - UA

| 1-2.5 mm2 30 A

,. lighting circuits generally, 1 rm“n2 cable is used with 5 A fuse because the authority says
#hat in a lamb circuit you will put 10 lamp (100 W), this will be 1 kW=I=IkW/240=4.16 A. 5
 limit must not be passed that's why we use the fife Anip. If we want to put more thanlO
2mps  in a circuit we have to ch~11gethe&~ble'si:zbol.5 mmowith a 10 A fuse.
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. TYPES of DOMESTIC INSTALLATION

ere are two types of'installation; Surface Installation and under plaster installation.

1. Under Plaster Installation

Steps do this type of'installation as follows;

Ceiling installation and stairs.

.. Inside of home and stairs.

411 Ceiling Installation;

lastic pipes and plastic lamb ‘,box ‘doyf this?‘:par,t of installation. Generally, 5/8 plastic pipes are

used for cell lighting. While W'ej are doirig these also, pipes of stairs installation is fixed. Pipes

znd lamb boxes are out be cording to the alaat=~ inatellat~= project.

ollowing steps to do these.

JCeiling installation and'staifé. Flrstthelamp boxes are filled by wet papers. Lamps boxes

ay fill with concrete the're'jf‘t',)"i“eyygw\et’*ﬁl‘l" {he ‘inside of lamp boxes with paper not to have

cblem.

) Lamps boxes will be nailed:écqofdihg to the electrical plan. Ifthere is only single lamp in
room. Lamp boxes will be nailédf"toft}ie‘ center of room. If there is more than one lamp. You
14 Ve to follow a special Ways'."Fbi’iéXémple,‘in a corridor generally there are two lamps length

of corridor will be divided by theré and With will be divided two to point the place of lamp.
) You will take out the pipes boxes for switches (to under of the roof). We
hdVe to be careful. When we pufthe pipesiit:iside of the coulomb the pipes, which will be

ander roof, must not be above doors or windows and also, it should not be behind doors.

-) For each circuit, from the lamb boxes/pipes will be taken out up to the distribution board.

This is done as same as position of switches.
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Pipes will be put for the heater and for the water tank on the roof'to the distribution board.

Fer antenna and telephone lines pipes are fixed to the suitable position (1" or %"). In

ents extra pipes are put in stairs for main lines and for the lighting of stairs. They are

it inside of the coulomb

- Figure 4. Ceilinginstallation ~ samples

.4.1.2. Inside of Home and Stalrs -

According to the plan, youipailélt}{’\ché:p"orsiktions"'of sockets, switches, etc. with paint (spray

aint). Painted places have to beI’OkCIl Metal boxes and plastic pipes that are in different

Sizgs, for each type of circuit.

3/8” pipes for lighting, telephone lines, Wa‘t‘eerpump, and earthing.
3/4" for sockets, antenna, heatérk'c‘ifrfci;ﬁt:s.‘
3/4" or 1" fore cooker control -

4" or thicker is used for main lines,

When the metal boxes are beinig:f:pﬁt:t ey héVe to have different heights. These heights are;

bathroom, dinning rooms, corridor, sockets/Telephone/ Antenna sockets 50cm

(between floor to metal box)
Switches 150cm (betweenflcor'tdo  metalbd:x:)

Special lamps on wall 200cm (betweeilflobr to metal box)

49



Switch or socket box

Figure 5. ‘SWi’[Ch or socket box

“Socket

Wall Box ‘ | |
|

Figure 6. Height of switch and socket boxes

In Kitchen;

Here you have to be careful for position of metal boxes. Because cooker, switches, sockets
boxes have to be at the same line and you have to measure careful not to put them on the

place of the cupboards and this h?cj:ight is génerally 125cm.

In Toilet and Bathrooms;
ou must not put the metal boxof switches inside of'toilets or bathrooms. Because you may
ave risk of electric shock. Lan:ipsmust be waterproof. In these wet places, we have to use

waterproofcomponents for protection of life. Height of lamp is nearly at 200cm.
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I0iind of the metal boxes must not be plastered because, metal box will have corrosion

em.

€ paint the places of switches, sockets, etc.

 Painted paces have to be broken, up to 65cm for sockets, switches 150cm, if the pipes of
ch will come from roof, that pipe will come to 150cm painted line.

Metal box will be fixed at painted places, but they have to be flat and good appearance we
fith wire on at piece of flat wood. This wood is nailed to the wall.

We bend the pipes from anywhere of pipes, where it is needed and put them in boxes from
011 box.

Aﬂer plasterer to boxes which are on floor are also
ter-ed to protect the

these have been connecting to the special stainless
ire. What types of

by special clips which is

ieQ earthen clips these will be connected and

5is called finish.

.'Choosing Cable Sizes
selection ofthe size ofa cableto carry a load current involves the consideration of the
2 and type ofthe protective device, the ambient temperature, and whether other cables

run alongside the cable (grouping). There are many situations in which cables can find

1selves being overheated. The niore obvious are the conditions set up when over currents
cartied due to overloading and when a short-circuit occurs. Others include the increase in
pefature when a number of current carrying cables are bunched together, for instance in
du t and trunking, which is a situation in which each cable contributes its heat to that of
rs and which, because of'tile enclosed situation, produces an environment, which can
ckly lead to the deterioration ofthe cable insulation (particularly when PVC is involved)-
lead to a possible source of fire. At about 80 °C, PVC becomes very son, so that a

uctor can 'migrate' or travel through the insulation and eventually make contact with

1e:d metalwork. This produces a shock-risk situation, with an increase in the leakage

ren  which could prove fatal if the installation earthing arrangement is faulty. Eventually,
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en the insulation breaks down completely, a short-circuit occurs and the circuit is now
‘pendent on the ability of the over-current protection device to operate to disconnect the
Elicuit from its supply. As is probably realized, the time of operation of the protective device
crucial: a semi-enclosed fuse will take longer to operate than would a miniature circuit
réaker. In some circumstances, particularly where PVC insulated cables are used, the time
taken by a semi-enclosed fuse to operate may be long enough for the cables to bum out and
Create a fire hazard.
Another problem, concerns the use of thermal insulation
 buildings, with where the natural heat produced by even
The IEE Regulations recognize the fact
that, in these to be reduced quite considerably. These
classifications are capacities of cables. The
™ e trunking and ducts); 'open and
embedded direct in plaster which is not
wire); 'defined conditions', which

1 enclosed trenches',

:hat the selection of a cable to feed a circuit is now

From this, it can be seen andfappre_ ate

I2quired to be undertaken with a‘ Umbér of factors to be considered carefully. Situations,

which were formerly takeriforf gr Nedmust now be investigated so that the cable is installed
in the best conditions, Which'Wil:Ik‘:«» HOW the cable to carry its load current with the safety of
user of the installation in ﬁlind; o
IEE Regulations require that the choice of a cable for a particular circuit must have due

io-r,.... for a number of factors, and not just the circuit current. These factors include:
4) the ambient temperature in which the cable is installed;
b the installation condition, e.g. whether grouped or bunched with other current-carrying
_tables, enclosed or installed open';
_ ©) whether the cable is surrounded by 6r in contact with thermal insulating material;
d) whether the circuit is protected by semi-enclosed (rewirable) fuses to BS 3036.
The method of choosing the correct size of conductor for a particular load condition, as
- recommended by the IEE Regulations, is based on the rating of the over current protective
device. All factors affecting the cable in its installed condition are applied as divisors to the
rating ofthe device. In general, the size of every bare conductor or cable conductor shall be

such that the drop in voltage from the origin ofthe installation to any point in that installation

_does not exceed 4% ofthe nominal voltage when the conductors are carrying the full load
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curtent. It should be noted that conductors of large cross-sectional area have different volt
OPs per ampere per meter for ac circuits than those operating from de supplies. This is
Because of the reactance inherent in conductors carrying ac.

ne following process for working out the correct size of cables is as follows:

- First find the load current of the circuit (IB).

- Determine the correction temperature, which of course does not

icl is more concerned with the maximum
mperature of the medium

. Determine the correction

. Determine the with or is surrounded by thermal
msulation material. one side of the cable is in contact with
e material (e.g. a cable and 0.5 if the cable is completely
surrounded by the no-ta«!

. Select the rating of the is offering what used to be called 'close'
protection, the is by means of a semi-enclosed

equal the load current.

allowed.
[ Iz represents the - the rating of the protective device,

I,

amperes

th X Ca xCixCy
vhere (g is the factor
E 1s the factor for -..-~-""— + n,,,. w0+,

cable is surrounded and 0.75 if the insulation is

¢ 1s the factor for the is | for all devices except semi-

ne
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CHAPTER 10.
SPECIAL INSTALATIONS

Though the bulk of electrical installation'work carried out in this country does not involve the
cwnsideration of special factors in the context 6f the wiring systems, accessories and the
equipment to be used in an installation; there are some types of installation conditions which
call for special consideration. These coiiditioiis create the need for what are called in this
chapter 'special installations', which tend to fall out with the general run of installations and

require their special and particular requlrements to be satisfied. These special installations are

dealt with in the IEE Regulations ina rather gcneral way and the electrician must therefore

mnsult other sources of mformahon as to it talla‘uon procedures, techniques, and
commended types of equlpment Thes &elurees include BS Codes of Practice and

anufacturers' instructions, and IEE Regulatlons

.1 Damp Situations .

In general terms a 'damp situatios in which moisture is either permanently present, or

installation conforming to the ri qulr ments for ordmary situations. These situations create a

hazard from electric shock (partl

larl from surface leakage over otherwise healthy

Emsulatlon) and the risks, Wthh attend gradilai deterloratlon ofthe metalwork ofthe

imstallation as the result of corrosmn

%e IEE Regulations requlre that every able mstall‘veu" in a damp situation, and where it is

osed to rain, dripping water kccndensed water, and accumulations of water, shall be ofa

designed to withstand these ¢ kitlons In addition all metal sheaths and armour of

bles, metal conduit, ducts or trunkmg, and clips and their fixings, shall be of corrosion-

resisting material. In partlcular,'“t y,should not be placed in contact with other metals with

ch they are liable to set up electr lytic action. If steel conduit is involved in such damp

installations, it must be of heavsf gauge. Conduit threads should be painted over with a
inous paint immediately after :‘ef‘e”etidﬁ Gables, which are armoured and destined for
llation in a damp situation, are required to have further protection in the form of an
erall PVC sheath.

%@n though an installation is riofclassed a.s 'damp', there may occasionally arise a situation,
ch could place it in this category.This is One result of condensation, which, though it

ght occur intermittently, may well appear in the form of'a considerable quantity of
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cOndensate. Condensation exists where there is @ difference in temperature, for 1H.Jﬁ1ilC~,!.B;<-,|

here equipment is installed inside a room in which the ambient temperature is ~\gij~Jhe ..\ .'

A\ o

%ipment being controlled by switchgear outside the room in a lower ambient tem~~~~

the switchgear and the equipment are corinected by trunking or conduit, then condensation is
likely to occur. It will also occur whe:reafddrtthas a high ambient temperature during the day
_ and where the temperature subsequentlifalls when the room is unoccupied during the night.
Generally, whenever darripness','whatev~:titsSoutce, is present, galvanized or sherardised
_metalwork is recoml11eti.ded>I11addition,.sil:eco11ditionsmay be such that fixing accessories
a4 materials may afai~ef~q~r~dt~~i~~~~~~ dahy  corrosive action that might occur. If
conduit is used, drip pointsgliQuldbesprovicl~dgo that water can drip away. Long runs of

- gonduit should be slightlyi6ff';leyefctoall9ijial lyaccumulated condensate to run to a drain

. point at the lowest level.

 The prstiitem of condens. installations and around

refrigeration plant. Switchgear and nmon+ should be installed outside the

cold rooms in a position so from blasts of cold air and clear of

_door openings where changé .

to occur. Cables of the MICS and

should be sealed with some
,..-w,,-.~PVC cables in low
0°C, PVC has a 'cold-shatter'
a warning note regarding the use of

cables with bituminous—compound‘edsbeddings or servings.

10.2 Corrosion

Wherever metal is used tkhékr‘ef is the fatteﬁdéilfpfoblem of corrosion. Two conditions are
necessary for corrosion: a’ suks:(‘:‘e»';:)ﬁblkekfm~l:~la.nd a corrosive environment. Nearly all of the
common metals in use today corrode under most natural conditions; the bulk of all anti-
corrosive measutes have thuS‘ble:en'aﬁempts either to isolate the metal from its environment,
or to changing the environmerklt“:‘che‘rinically to render it less corrosive In installation work, the
problems of corrosion tend to be more acute in certain types of installation. Chemical works,
salt works, cow byres and other ammonia-affected areas, all require special consideration in
their design and the work executed to produce the installation. Corrosion, in a normal
installation condition, may affect earth connections.

The corrosion of metals in contact with soil or water is an electrochemical reaction; that is, the
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',rrosion reaction involves both the chemical change (e.g., from iron to rust) and a flow of
Cctric current. It is this principle, which is used in the dry cell, where the corrosion of the
inc case provides the cell's electrical output. The current flows from the metal into the soil or
Wwaler (called the electrolyte) at the anode and then from the electrolyte into the metal at the
thode. Corrosion occurs at the pointyvheretheecurrent flows from tile metal into tile
lectrolyte. Every metal develops its oyvii.p~rtigular electrode potential when placed in an
electrolyte or similar medium. IftWo diffete.nt metals are coupled together in the same
lectrolyte, tile difference betvveel litheip\pQt¢1ltials will be sufficient to produce a current of
%ﬂectricity. The metal.}vithJhemQ:rell¢gatiy¢potential will suffer corrosion. It follows that the
Mmlre compatible the metalsifil'¢Jithet+J¢ssNviit;].'I~\the rate of progress of any corrosive action
Whlch takes place betweeri/tligm}tJ?¢¢c~-u.s¢itli¢.aniountof potential difference between them is

;r%duced.

gemsanl there is a ;
surrounding soil. This potentlal '

V between a buried mass of metal and its
a very-high-resistance voltmeter and a
immersed in saturated copper
porous plug at the bottom for making
Certain areas of'the mass surface

these will corrode. The areas,

which act as cathodes (where th & cutren do not corrode. This sub-division in

the areas of the surface of the buried ma

that the areas assume the roles of

itself, its surface treatment, and

e electrical resistance of both anodes and cathodes. But if the coating has flaws or holes in
it, then the current concentrates at these points and deep pitting will occur. The corrosion
current can also be reduced by lowering the electrical potential difference between the anodes
and the cathodes either by controlling the purity ofthe electrolyte or by adding inhibitors to it.
Because only the anodes corrode, current flowing into them from an introduced external
anode so as to cause the whole ofthe buried structure to become a cathode can prevent
corrosion. This is the principle of cathodic protection. The method can be used only where the
_introduced anode can be accommodated within the electrolyte that surrounds the buried metal,
_ and the soil or water must be present in bulk.

 The method is widely employed as a corrosion preventive measure on underground
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me:talwork. Two basic techniques are used to give cathodic protection: (1) the sac:tificia.Lat1.6de
%?Sfem; (i1) the impressed current system.

| the first method, a mass of base metah.such-as magnesium, is buried in the electrolyte and
connected electrically to the structure to he protected. The natural difference in potential
be:tween the structure metal, usuallysteel; ai1ldthe magnesium causes a current to flow from
the magnesium (the new anode)th:tough.the electrolyte to the steel, which is the new Cathode.
The anode gradually corrodes alldis thus Called a 'sacrificial anode'. In practice a closely
comrolled magnesium-alloy is used;.The:nairrfactors which govern the degree of protection,
and the current output fromthe galvariicc¢ll.soformed by the protective system, are the
surface area, volume. and shaptofthe al'l()~es'used, the resistivity of'the electrolyte and the
Sm‘face. area of the exl,ose~.111~tal.Heil 1.gipr6i~Bted.Theacrificial anode system is common.in
tongested areas since the.lQ"\Y}P~t~rttial~g~~efilt~chythe galvanic system virtually eliminate
thee possibility of corrosi9ll.}m+isij.g.q:ri/adja-&eil ffii.etalstructu-es on account of stray current.
The system also needs no Sxt’\il‘:ﬁ"kll,‘,:¢l~¢ {tio@sijpplyand is to a great extent selfregulating 'in

output, which latter will Vary of the surrounding medium (e.g., in

et or dry weather conditions) vy, -2 Tenewal. In reasonable soil
conditions, the life of an anods
uses a conventionally

generated direct current from The

negative side of the supply is be protected; the positive side is

fed to an 'anode ground-.béd.'~;;u5uaf - graphite impregnated by resin,

wax or linseed oil, silicon ir'c)nygor"scrab - structure then becomes the
ﬁﬁ.thode. The anode and graphite anode ground-beds
are semi-inert and have a or scrap steel beds go into solution quite
%idly and disintegrate

10 kg/ Ampere/year.

e metalwork associated with electrical installations, which mayrequire cathodic protection
mmelude supporting lattice structures, armoured cables with rotted servings, metal pipes
“Ontaining cables, and general structural steelwork.

Another aspect of corrosion may not be too familiar to install.ation installers. This concerns

the continuous exposure of PVC-insulated cables to temperatures above 115°C that may cause

ff‘ﬁe formation of corrosive products, which can attack conductors and other metalwork.

enerally, the precautions to prevent the occurrence of corrosion in normal installations
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de:

The prevention of contact between two dissimilar metals (e.g. copper and aluminium),
cularly where dampness is likely to be present.

The protection of cables, wiring Systems and equipment against the corrosive action of
:fer, oil, and dampness, unless they are designed to withstand these conditions.

The protection ofmetal sheaths Ofeables audrtietal-conduit fittings where they come into
tact with lime, plaster, cement and certain hardwoods such as beech and oak.

. The use of bituminous paints and PVC over sheathing on metallic surfaces liable to

TOSION in service.

1.3. Sound Distribution Systemk ,
pund-distribution Systems cons1s essen’uaﬂy of 10udﬂimﬂlers permanently installed in

itable positions in bu11d1ngs orin 'open Space&ass@cmtﬁd with buildings - They are

cssentially part of the telecomrmlmcatlons Systems of buildings The currents, which operate

ch systems, are derived fro 1crophone gﬁamophme radio receiver, Or Otherdevice, Or

m a wire broadcasting servi : ,ents are of a very small order and so require to be

plified to values suitablé‘afdi‘;th pe ation f 10udspeakers Sound-distribution systems are

tound in schools, theatres andc ’ churches meeting halls, factories, offices and

\department stores, hotels andclu : hosp,ltals; raﬂway stations and sports grounds. Though

fhese systems generally operate from mains ﬁppﬁ'G:s, some systems, or parts thereof, operate

m batteries or from mainS—Sﬁppl >d eCtiﬁ‘éd current, producing low voltages.

1.4. Personnel call Systems

hese systems are used in private dwellings, hotels, schools, factories, and other premises

ere it is required to attract the attent onof individuals to a situation or circumstance. The

simplest system is where a caller lIs a pe s'dn~ft0'a particular position. In a private house, the

Bouseholder is called to the door. , :h or simil=+ device is fitted at each such position
and an indicator provided to show 'whlch push has been operated. A bell or buzzer is used to
rrovide the sound, which will attract attentlon to ‘the call. Bell piahies can be ofthe wall-
nounted, table or pendant type; thec‘ontact points are of a metal, which gives long service
ithout becoming pitted or corroded. If the bell push is to be installed outside, protection
ainst the ingress of maist = mué’t be ~pt0Vided.~

dicators are installed in a ceritralpositiollihthe building. In large premises, such as hotels

and factories, the indicator board is located in aroom in which some person is always in
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eRanoS e.g., kitchen or reception office. The use oflamps is necessary where the sound
ells must be either objectionable or useless, e.g., in hospitals at night or in noisy

Hand-setting indicators should be mounted at a height convenient for access and

tated conveniently on a single indicatorsbeatd or panel. Pushes are fitted at each call
oIt but the circuits are grouped to servea.corridor or floor. Each group gives the indication
central service room. In these systems, arrangements must be made to have attendants on
in corridors or floors to: deal with the calls Multiple-call systems use indicators, which
Iave to be reset by the attendant

e-bell systems are common 1n SGJ&Q@JS andllﬁaﬁ‘i@ﬂ% to indicate the beginning or end of a
e or period (e.g., break, class change etc) ‘These systems usually have one or two pushes

other switches connected in parallel and a number of bells throughout the building, which

are also connected in paralle bells can be controlled from a clock system, to eliminate

e human element requlred w1th, I “pushes.

e burglar-alarm system is also all system The switches in this case are sets of contacts

unted at doors aid WinddW . Ther areit\%}o CIfCUit types; open-circuit and closed circuit.

contacts are closed. A cifenlatlng ren nergizes g series relay with normally open

ntacts. When a contact set i‘SfQ, ned, this urrent ¢&ases to flow, de-energizes the relay, and

loses the relay contacts to ring n bell. Somealarm systems operate from photoelectric

ght eammbmlﬁ”“ The large plate-glass windows of

ells, which work when an invisibl

ewelers' shops often have a séf;es~ ngth of Very thin wire, which, if broken when the

window is smashed in or a hole'fyéu "inyki’tt‘will ‘bring the relay into operation to ring a bell. In

certain systems today, no bell rmg ‘but a buzzer and light indication circuit is wired from the

ka:rby pollce station. Thus the intruder is not warned,

and the police have the oppOrtiinity o tehlng‘the burglar red-handed.

The open-circuit system is seldenlused‘beéauseit can be interfered with. For instance, a cut

in a wire will render the complete ssystem moperatlve whereas such a break in the series
circuit of a c1rculat1ng-eurrent (closed-01rcu1t) system will immediatn™ set an alarm-bell
ringing. Supplies are sometimes from the ma.lns,‘butv in this instare= a standby-battery supply
provided in the event of a powef‘faiililfe'. Alarm bell‘s‘>are often installed in a place
naccessible to unauthorized perSdns, and outside the building.

I\.nother type of call alarm systeillisthe watchman's supervisory service. It is designed to
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'Wide a recorded indication of'the visits of watchmen or guards to different pans of a

ding in the course of the duty round. The system uses a clock movement ofthe impulse,
dironous-time controlled a.c. or 8-day clockwork type installed at each contact station
Ughout the building. Each station has a.box with a bell push operated by the insertion of a
al key. Operation ofthe contacts energizes an electromagnetic ally-operated marker
hrecords the time of the visit on a paper inarked off in hours. In some systems, an alarm
iven after a predetermined time ifthevwatgmman fails to 'clock in' at any contact station.
uminous call systems are used instead of bells. These Systems use color lights, which

nmon staff to fulfill a service duty. Théy_a'reilargely used in hospitals and hotels, When the
Ipush is pressed in any position ir the building, a small lamp lights in a duty room to
icate the general area from which the caﬂ;hés come. Alkernatively, a lamp outside the call
lights and remains so until an attendahfieXﬁng‘;uiSheS it by operating a reset push located

outside the room. Some systems inébrpdrate\asingle—stroke bell. Call and indicating

try is also incorporated in lift systerhS‘ .

Radio and TV
e erection of aerials for the reception ¢ of rad10 and TV broadcasts is usually undertaken by

- specialist. In buildings, which consist of b‘lock's of flats, communal pick-up services are
ded, being fed from a communal pre-amphﬁer This unit is installed as near as possible

the aerial site so that any interfe‘rén'ce;'p‘kic\k'ed up by the intervening feeder is reduced to a

um. The contractor's interest in thesé ~SérViCes i$ mminly confined to the provision of
@uit or socket-outlet Familitias In amultl-pomt television installation, Up to twenty

a uuv

€iver points may be connected 0 one cable which is looped through the socket-outlets

6. Telephone Systems ,
These systems are either intetnal (j)l*kkayi‘e’ connected to the public telephone facilities. All

imstallations, which have _‘publiC connectlons, are subject to the supervision and approval of
1e telephone companies whose ehgineéré normally undertake the final connecting-up. The
fectrical contractor is gewlly required to install conduit or trunking to facilitate the wiring
fthe building for telephone Quilets. ‘Iﬁglarge buildings a main switchboard is installed to
gteive incoming calls, which arethen S\\}itched to the required extension phone. There are
%o types of private installations: PMBX (private manual branch exchange) and PABX
private automatic branch exchange).

the PMBX system, each extension phone is wired to the main switchboard and connection
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is made by sockets called jacks. There are certain disadvantages associated with this system,
%ﬁich usually requires an additional internal phone system.

In the PABX system, all incoming calls are terminated at the manual switchboard and are
amswered by the telephone operator. All extension to extension calls are set up automatically
end direct out dialing on certain extensions is possible. All extension phones can call the

aperator who can identify basis. Direct access to the local

st or lamp signaling. It enables the
control given by a few levers and keys.

%&en a call is

stension it disappears from he s,\x{n‘:‘c;hbjgj"a:dikarl.d is then under the full control of the

L blerthtﬂlht@lder approved system known as PABX 3.

xtension; this is a feature not ax
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10seph Swan

use, Then the
ie carbon lamps,

baftery- chargmg)

Tk

ilament was itself formed
main advantages of the

and (b) the beat losses

solution is squirted slowly thljough;a m‘_e;d;e ,mtt

eads are the result. They‘xatre WO dg

_inely powdered graphlte The rucibles are then baked in a furnace at 1400°C when the

tﬁ@velopment enabled the ﬁlament to .be

evaporation of the filament, Wthh tendu
of the gas-filled lamp is about 270 C. ']

amps had a single-coil ﬁlament Later th conieo-cou lamp was produced, that is, the coiled

called 'incandescent'. They give
a very high temperature. In 1860, Sir

paper strip. Later, carbonized filaments

VV,,.-tuesu..,_, lamps enjoyed an undisputed field of

0 it had superseded the carbon lamp.
application: for lamp resistances

carbon lamp has a filament of

wedish filter paper, Wthh is dlssolved in zinc ¢, ., v solution. The resultant viscous

of acidified alcohol. Tough cellulose

o'ﬁ foﬁhers which are packed into a crucible filled with

not support combustion. This
at a higher temperature without the undue

in a vacuum. The operating temperature

output is in the region of 12 Im/W. The early

lamp is about 14 Im/W. The
has a more compact formation

are reduced, so giving a higher

Tungsten has a resistance, which increases with temperature. The resistance when cold is

about 6 per cent of that when operating at normal temperature. This means that when the lamp
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SWitched on, a current of about fourteen times the running current flows. The increase 1nthe
lemiperature of'the filament is rapid, however, and the current surge does not harm the
filament. The resistance ofthe filament increases as rapidly and has a stabilizing effect on the
Power consumed.

i€re are many types of metal-filament lamps available today. Signal lamps are small and are
on indication boards toshowthe flow of chemicals, the passage of'trains past a given
point, and the energizil 1g.offiicitcuitil 1adefinitesequence. Spot and flood lamps are made
Irom pressed glass and c.rgiiltgrua.lly.111irroredto radiate a defined beam of light. The flood

p has a relativelybroadl>¢~tiiij#clis-usedfor outdoor illumination such as gardens,
onuments, parks, and spgrj;s\:gi'gp.#cls>r'] h~spot lamp has a narrow beam and is found in shop
vindows and ShOWC&SCSLiTh,'CyJér: "‘{ayl‘sg'rt.1s¢dt0highlight an object, which has a general

%ﬁum on lan ps are used in piglet and chicken rearing. They are hard-

here are a number of electricfdl, arge amps(~vailab1etoday' each of which has a particular

application or advantage over ano

OW-pressure mercury-vapof: \ “
is lamp is popularly known as ;ih ,‘;"kﬂuorescent' lamp. It consists of a glass tube filled with
metcury vapor at a low pressure. The electrodes are located at the ends ofthe tube. When the
ampis switched on, an arc-discharge excites a barely-visible radiation, the greater part of
which consists of ultra-violet radiation. The interior wall of the tube is coated with a
fuorescent powder, which transforms the ultra-violet radiation into visible radiation or light.
The type oflight, that is the color range, is determined by the composition ofthe fluorescent
powder. An important aspect ofthe gas-discharge lamp is that the discharge has a 'negative
resistance characteristic'. This means that when the temperature ofthe gas or vapor rises, its

resistance decreases and will thus tend to draw an ever-increasing current from the supply.
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The current is limited to a predetermined value by the insertion in the circuit, in series with
the lamp, of a limiting resistor or choke (inductor).

There are two types of fluorescent lamp: the hot-cathode and the cold-cathode.

The hot-cathode lamp is the more common type, familiar in tube lengths of2.5, 1.7, 1.3 m and
wn to 30 cm. In thistype,the.electrodesare heated and the voltage of operation is low or
fédium voltage. To ass1ststart10g,ﬁle mercury.vapor is mixed with a small quantity ofargon
gas, The light produceq.yariesfrqm30 to35 Im/W.The colors available from the lamp

mglude a near-daylight)all1t~1i~rJc~rrected light for use where colors (of wool, paints, etc.)

must be seen correctly. 'Jl1.¢p:1;a.stisahapplicationf the lamp includes the lighting of shops,

homes, factories, streets, ships, trafi sport -uses and trains), tunnels, coalmines and caravans.

The auxiliary equipment asfsﬁfio atéq/~ththe hot-cathode lamp includes.
. The choke, which supplie, : JiCiriitiaLvoltagen starting (caused by the interruption of
e lamp's inductive circuit ‘:lirizlitsthe current in the lamp when it is operating.
. The starter.

The capa01tor which is ﬁtted to 0rre¢¢P (lilllprovethe power factor ofthe circuit by

lamp circuits.
which use a switch (sometimes called a
switcnmz arrangement but rely on an
- start the lamps. With the glow-starter,
S Although 'universal' starter switches

in fact suitable for all sizes.

inductor replaced by a specially wound
in cold temperatures. Current flows
thence through the secondary coil,

ich is wound in opposition to it. A‘latge capacitor is connected between the secondary and

-second cathode of the lamp‘: Ti fs;starting current quickly heats up the cathodes and as the
cuit is mainly capacitive; this current leads the mains voltage. Because the primary and
ondary windings are in opposition, the voltage across the lamp is increased and causes the
to strike.

glow-start switch cortsisfaqf't~g~separat~d bimetallic contact strips contained in a small
' : bulb filled with helium gas. 'I]h.e pq:nta.cts are connected in series with the lamp

des. When the circuit-control switch iss closed, the mains voltage appears across the two

cts and results in a small gas discharge. The heat generated by the discharge effects the
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bimetallic strips, which bend forward to meet each other. When they make contact, current
flows through the lamp electrodes to heat them. The gas discharge in the bulb ceases and the
Birips begin to cool down. When they separate, a high voltage appears between the electrodes
and the main gas discharge is started. The voltage, which now appears across the contacts in
the bulb, is, during ruiming.conditions, insufficient to cause further discharge in the helium
gas, and so the contacts remain. open while the lamp is burning.

The instant-start or 'quick-start' method of statling fluorescent lamps consists of an
autotransformer Conn:eéfédfaézr‘(’)'sks:the tube. Two tapings provide a small current for heating

each of the electrodes.‘.W hen e electrodes beesme hot (usually in a fraction of a second) the

tube strikes. The striking i gé is eansed by the very small currents flowing from the

cathodes to an external earthed strip, which runs down the length of the tube, providing a

er of ﬁﬁiﬂiamperes.

length. The current taken is of thi

 11.2. Practical aspects ojf’l_gg\h

Though many aspects of llghtn ﬁummatlon are the special concern of the qualified

lighting engineer, there are son

h'aISb;f,affect, either directly or indirectly, the

The recent development in Iamp S al "d'the increase in ratings used in domestic,

n hé:\?ékléd to problems resulting from the heat

commercial, and mdustrlal 1nsta1 _

- generated by these lamps. If a 1000W lamp is operated in an ambient temperature of 25°C,

the temperature rise can be greate hén 60°C This means that if the lighting point is a

pendant, the flexible cord Wﬂl‘ be in an amblent temperature of 85°C. It has always been

accepted that, owing to such hlgh }temperatures near the lamp-holders, embitterment of the

msulatlon of the cord will occu:r w1th consequent shortemng of the life ofthe cord. The trend

in recent years has been to tnangfactuty] ampss~allerin  size than that ofthe equivalent
wattage previously made, so that it has become possible to use a higher wattage lamp in an

existing type of fining. For instance, whereas in the past temperatures in enclosed fittings may
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have been as high as 80°C or so, it is now possible for temperatures to be as high as 130°C
and even more where the ambient temperature is also high.

The IEE Regulations have recognized this problem of heat from lamps and now recommend
_that the choice of a flexible cord for a particular lighting duty should be based, not only on
current rating, but on the ain.bientterripetature likely to he encountered at a lighting point.

~ Certain new heat-resisting materials are now available.

~ Conductors for very high temperatures are now nickel-plated copper, instead ofthe usual

tinned-copper; someconductorsare MI;J;alcoppet and are associated with thermoplastic

_insulating materials s‘ﬁc‘hﬂ S ’ol‘y‘tﬁer’ie eihd"pdlyvinyl chloride (PVC). The greatest advances

have been made with iﬁSuléitin matéﬁéls‘.Néﬁiral rubber is now limited to use where the

temperatures do not exceed 65 Abovethlshrmt the rubber becomes hard and the life of a

cord may be as little as a eal , spebtion‘ of rubber insulation, which has become hard
during service, has sho
fixed.

Polyethylene (polythene) has

11 function as an insulator provided the cable is not

an lecti'iéalpfoperties. But it is a thermoplastic material and
deforms seriously under‘pressur and Xcesswe heat. At about | 10°C there is a sharp melting

point when severe flow may ‘ake; ce with @n&eqm@mml electrical failure. This type of

cable is not used in lamp fini aseXcelleﬂt‘age—resisting properties, but has a low

maximum operating tempe atu . ThlS 'CYpe is also not used for lamp fittings, unless
the ventilation is adequate. oo
Butyl-rubber insulation Sillta le for lamp fittingswhere higher ambient temperatures are

prevalent. The maximum permitte Péfaﬁngf@mmrature is 85°C. At this temperature, the

cable has a long life. At hlgherttempera’fures th@ m&uﬁ’ﬁﬁ‘lf‘“ deteriorates rapidly. Around 130°C
it turns to powder. Silicone rubber can be opemﬁed COntinUOUSly at 15Q°C, and is used for
many ofthe enclosed lamp ﬁttmgs mstaﬂed at the present time. The physical properties ofthis

type of'insulation are such' th V'bie pH)@t@tm)n is necessary and a heat-resisting braid is

normal for this purpose. Glass ! Wl’ih ahe%fe51stlng lacquer is an excellent finish, but

makes an expensive cable. An alternatwe IS terylene braiding, which is considered ideally

suitable for many lamp ﬁttlngs Another good heat-resistant type of finish is an impregnated

glass lapping with an 1mpregnatedf glas bra1d lhe temperature of operation of this type of

cable may be as high as 180°C For eneloéed lamp fittings, where temperatures of this order
are obtained, this cable is a sultable answer. 1nsta11at1ons are chlorosulphonated polyethylene
(CPS or 'Hypalon') and PVC

Two sheathing materials, which are used widely in /nitrile rubber (NCR/PVC) generally
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known as HOFR insulants. These materials are both vulcanisable rubbers and beslideks‘ having . |
#0d weathering, solvent, and oil resistance, are flame retardant. They may be compounded

30 as to be used over an insulated conductor operating at 85°C. Another new product, which
Ppears suitable, particularly for insulation.risethylene propylene rubber. The age-resistance

of this material is proving excellent and may well prove to be a common material in the near
future.

11.4. The effect of voltage drop

The voltage applied toy 3 lam '1s reduced if the actual voltage at the lamp terminals is lower

an the rated lamp voltag Ge raﬂy, the reduction in light output is more rapid than the

reduction of the wattage. It is th efOI‘QVI’lOt eeanoindanl to run lamps at less than the rated

k theiﬁiarnent is operated at a higher than normal

y hfthe,other hand, under-volting a lamp lengthens its

the lighting cables being too small for the current

Voltage drop can also ocCiir

carried. This situation may : dwmng is allowed to supply new lamp fittings,

which contain lamps with\hlgh attage th}g"s;}j[nfact, in many modern commercial and

industrial premises it is often 0 ] atk@qﬁ{mgh.-waﬁtagv lamps being used and long circuit

runs, cables larger than the ust ‘ 'aﬁde‘.S mm? are necessary.

11.5. Faults in discharge lamp

1taining components such as starters, chokes and

Because of their associated

capacitors, and transfonmers,

which can be useful in any dlag‘ )SiS y' he electrician sent to investigate the fault. The

harg Iamps may fail or fault, to show certain symptoms

on Jdifferent lamp types.

following is summatized info rma
Mercary lamps. One of the first points to note about these lamps is that they require up to 5

minutes to cool before re-ignition car take place. In factory situations lamps are often

extinguished because of&rbﬁltage dlpS"{.i If a lamp fails to reignite after cooling, the ballast

should be checked for over-hea ;glariﬁdxcontinuity. Ifthe lamp is nearing the end ofits life it

will fail to re-strike andShbii eplaced 1If the lamp delivers a poor light output, the choke

should be checked for contlnulty , n'SOme %ﬂﬁ‘"“" parallel chokes are used and their currents
should be equal. However, Orteitype 6f'700"\T circuit uses dissimilar chokes. Some types of

lamp may suffer from 'thermal'shdek' as the result of cold water, e.g. rain, falling onto the hot
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S5 envelopes. Cracked lamps (perhaps the result of damage in transit) will operate until the
lernal pressure falls to atmospheric when the arc tube will fail. Excessive pressure used

en screwing lamps in their holders also produces faults resulting in eventual lamp failure.
the tight output is unstable, a possible cause could be poor contact in the lamp holder (look

%Signs or arcing on the cap center contact).

1.6 Light control
ost sources radiate light in all direCtions ~and are too brilliant to be viewed comfortably. The
ght must therefore be controlled to d1rect it wheaze it is required and to soften its brilliance.

substances absorb some of the 11ght Wthh stnkes or passes through them All substance

so reflect some of the hght falhng on them‘ or transmit it, or both. Reflection of light IT1aY be
of three kinds:

a) Specular reflection: Whe ligh trlkes a mirrornkike surface it is reflected at the same

angle and in the same plane S k The type of reflecti~tvis much used for the precise

control of light, e.g. car he d ered shop-wmdow reflectors. Accidental specular

reflection is generally unwanted l1ghtmg ﬁj;tm.gs reflected in glossy table tops. A mirror-
like surface can took dark even. though?agreat deal oftight is striking it, and vice versa. Its

appearance depends only on what mm‘ored in its surface from the particular viewpoint

concerned. The streakmess«sem

! tamed from sy ormitar reflection is avoided by
breaking up the reflector surfac : pp‘les,ﬂutes or dimples, by giving it a 'satin' finish, by
using a pearl (or otherwise obsc d\)ity'pejef lamp, or by using a moulded or lightly frosted
glass cover to the lamp fitting. -
b) Diffuse reflection. This is ctlonabﬁatnﬂd from a perfectly matt surface, the

distribution of the reﬂecledk’ug ,g.mdenendent of the direction ofthe incident light. The

distribution of reflected lighf ollows the cosine law, i.e. the intensity in any direction is

proportional to the cosine of the ; etween that direction and the perpendicular to the

surface. A surface having thi 'aractenstlc appears equally bright whatever the direction of

view. White blotting paper and iite gash are nearly perfect diffuse reflectors. Diffuse

reflection is useless for the prec eontrol of light, but it can be used to reflect light in a

general direction.

c) Spread reflection. Depqhahed e'tals and satln—ﬁmshed mirrored surfaces have reflection

characteristics between secular and diffuse. Vitreous and synthetic enamels are widely used

for the reflecting stfaces of lighting fittings. Vitreous enamel is the more hard-wearing.

68



EXAMPLE PROJECT

12.1 AREA EXPLORING, NETWORK RESEARCH, DETERMINING
THE PLACE OF INLET CABLE AND DEMANDS OF PROPERTY

is located with the property
owner. Our Streed in wich center of Lefkosa.

There is a near to building. Feeding will be

_done from this lin‘ei,fi 5 be used to get in the building;

Demands 6ffior‘0p ‘ffiaib‘éutillumination force were listened. He
demands’ ﬂouresceh't‘ rm or .tiving 'room, kitchen and bedrooms, J type
armature for hall, Cty ire ’kézmadfoom and We. He also demanded to
purchase 10000 Btu' spl

Btu)

nditié,rrllias- gota power of 3 kW (1 kW= 3,148
He also demanc f,évery flats and at least two sockets for each
room. He demanded m, solaf energy, boiler, and pressure tank for

each flat as well.

12.2 CONVERTING-
PROJECT, DRAWING

ECTURAL PROJECT TO ELECTRICAL
INHNARY PROJECT;

Architectural proj~ ct vas éékéd.Upthrough necessary arrangements. The
locations of doors a.tirli\&md_, _S,Wékre determined. Opening direction ofthe

doors was drawn."Kit{;hen;counteflpla.ce and its measures were designated.

After these steps, the places of receivers in the flats were selected. Air-
conditions have been installed t6 living room. Dishwasher and oven were shown
in the kitchen and washine machine in the hall. The places for demanded

armatures,sockets and keys were designated.
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Architectural Plans are important to energy entrance into the building and

distribution  and remoting regulations.The plans which are designed by

architectures and civil engineers include all the construction drawings, (1 /50 or
1 1 200).These plans are used for construction of the building and also in
electrical installation.Itis clear.that the buildings situation must be considered
according to mun.icit>alitys regulations.The columns and joits are important

during electrical ,“insi‘;allation in the floor plans.These parts are chosen

ﬁ:arefully.Because’;fégl-nforﬁééd;;concrete roof will carry all the weight of the

building; so it is not liked to get any damage on the system while electrical

installment has been“domg hus electrical installment and reinforced concrete

oof construction must be eld together floor plans must showed separately.

Stairs going dow he basement must be considered carefully. Because

~of the columns and the ) aﬂs situation the emty places must be used for
electrical installation. |
h;bugh underground the first floor gets importance
oi:idor. An assembly space must be looked for in
the entrance . The walls hiner than basement's. Normal floor plans are
shown with only one dr ‘eéause‘ all the flats are the same so the electrical

installments and architectural construction are followed the same construction.

If the energy enran with air corridor, an isolator consoul equipment

must be assembled on the side awhere the first floor's air corridor enters.

The energy line will‘fi‘be ected to the stair holes with the shortest way.

Column line fuse will also put in this place.
For studing ﬂob’r pl heat and ventilate holes must be considered
carefully. During the 1nsta ‘nff'the“sek places must be stayed away. Opening

side of the doors is 1mp0rtant due to electrical remote switch settlement. The

switch must not be ! ‘*\thﬂ the door. The room spaces and the other measurement
must be in cm. in floor plans. These measurements will be used for calculation

of'the illumination.
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The architectural plans are the first studies of the electrical installation.
ecause the application project of electrical installment has been drawn on
architectural plans first. After certification of Electrical Engineers Bureau the
application is ready to Start. Therefore project makers have to have a knowledge
about architectural plans. For instance they have to know how to indicate the

shapes and measureineritsdofdoors,  windows, stairs ( wooden parts) main walls

columns.

Measurement i m archltectural plans has been done including internal and

While the p‘ pa tien‘of electrical installment projects the using

m;*;order to designate illumination features.

purposes have to be;fkn,o‘

Additionaly, permanenfﬂ:hous;e a?}iﬁance and furnitures places must also be
kmown. While the preparati _,Of ‘the electrical installment projects, the
ettlement plan of the build has to be asked. It is going to help for the

arrangement of installmen

3 ILLUMINATION CALA

INumanition calcul ion 1s performed in order to find the number of

atures necessory for room
The dimenSiOﬂSQfH ng room kitchen and bedroom have measured
pertally. [Lenght(a) with(b) height (h)]

Illumination ~calculation is done one by one for each part.

Mﬁmettin TIRBEN, Elektrik Projelerive Detaylari, sayfa 87-89, ANKARA, 1973
KIWMOB Electrical Engineering Union'issus page1B-19, LEFKOSA, 2002
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13.3.2 THE CALCULATION OF INTERNAL ILLUMINATION
The formulates symbols:

= Number of light

k =Necessarytotal of light flow

=Light flow of a light

k= Index of room

a= Lenght

b= Wide :
~ The high of light resoutce t
H= The high of light r‘}“’j ource from ground

h1=The high of Worklng

ble from ground

E = the flow coming to v orkmg ,‘ able
A = m® of working tabl , -
D= Dirty factory _
f| = the light flow comiiig N ‘eﬂéxiOn

The calculation of illur ma’cibnzbv the light flow method. The calculation
of internal illumination by fﬁczency method. This method is mostly used in
internal illumination mstallatlons ‘As it is known the <bT light that cames to

dd)end (E shows the flow coming to working

plane has the component!
table, Il shows the light ﬂOW soming by reflexion)

h can be calculated easil,y; om

formula. So that 2ffici sncy:@m thod is used in internal illumination installations.

Then we can calculate Value Of‘k from

k=(axb)/h(a+b)
Now in order to ullderstall dithis method let's think about an ideal room
that it'swalls and ceilinitireflects the light totally, (3=%100) and absorbs the

light completely.( @ = %100) and no object absorbing the light in it. The E
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omes out of the light sources falls on the plane S and it is absorbed their
vhatever the dimensions of the room, number of the lambs, settlement of the
ambs, illumination system. The average illumination degree of'the plane foran

deal room is

shows the avarage level of light of working table, <> represents the total

ight flow from lambs in lumen and S represents the area of'the plane in m>- In

reality some of the hgh' k :,ow is abm&bed by walls, ceiling, and illumination

evices. So that the ave age i um1nat10n degree ofthe plane is:

D esents total flow of light that is given by light
Efficiency of device related"‘w’ith the illumination device. Efficiency of
the room is related with g ﬁ(;ﬁdim@nsiﬂns of room, reflection factors and

olours of walls and ceiling \ghf""‘&distribution curves of illumination devices,

eight of them to plane “an t; 611' places Table 10.1 shows belowed in same

ituations that are used mos
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Reflection  Cillent 0,80 0,50 0,30
Rate Wall 0,50 030 0,550 030 050 | 0,30
Ground 3/0,1 03i0,1 03101 03,01 03/ | 0,1

Room index room efficiency

K= axb

h(a+b)
0,60 018 | 018 [ 020 ] 019 [ 015 | 015] 0,12 0,15
0,80 024 | 023 | 025 024 | 020 | 0,19] 0,16 0,17
1,00 029 | 028 | 029 | 028 | 024 | 023 | 020 0,20
1.25 034 | 032 | 033 ] 031 | 028 | 027 | 0,24 0,24
1,50 038 | 036 | 036 | 034 | 032 | 030 027 0,26
2,00 045 | 041 | 041 | 038 | 037 | 035 | 031 0,30
2,50 050 | 045 | 045 | 041 | 041 | 038 | 035 0,34
3.00 054 | 048 | 047 | 043 | 043 | 040 | 038 0,36
4,00 058 | 051 | 050 | 046 | 047 | 044 | 04l 0,36
5,00 062 | 054 | 053 | 048 | 0,50 | 046 | 044 0,40

This table 2

in this Table;

a; lenght of one side of'a}squar room
h; height of light Sour_égs to the piane in direct and semi-direct illumination
system. Height of cé*ihng }iej"iplahe in direct; mixed and semi-direct
illumination system. & o
~A; Situation where is cﬁfﬁ‘e“ihn  is Whlte(pT= %80 ) and walls are quite white
(Po= '%50) ‘
B; Situation where is cellm
(Po= %30) ”

If the room is a rectangle (a,b{)':"

is quite white (pr - ©°50) and wall are dark

efficiency is;

While preparing the table 10.1, onlytwo efficiency about illumination devices

(11 ayg = %70 and 1l ayg = %80 ) is taken.
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f another illumination device that has the efficiency 11 ayg is used(if IS an
aygit different from %70, %80 efficensy level) , the efficiency that is found
rom table is multiplied with a factor of 1l ayg / 1l ayg

After finding the efficiency 1l | light flow that goes to plane ((1) , is

ound with the ‘helri of flow of light by illumination sources ((l)s). Then the

‘average illumination level is:

Eo=0, - 1
[If the average illumination level of plane is given and total light flow that light

sources give ((I)o)fijs‘;yl(‘)j‘o dfor,

S

n

In below the di‘; "df‘likving room are given and number of

armatures are found by performing necessory calculation.

NIATION UNITS

NAME [ SYMBOL | EXPLANATION

it is the amount of the total light source gives in all
_ directions. In other words it is the port ofthe electrical energy
:C()nverted into the light energy. That isgiven to light source.

Light flow

[it is the amount of light flow in any direction. (the light flow
may be constant but the light indensity may be different in
various directions)

Light intensity I

[lliminiation intensity E ~ifis the total light flow that comes to | m2 area

: :!Itjs th elightindensity that comes from light sources or unif

flashing L o sqrfaces that the light sources lighten.
i

This table was taken from ryeij\‘(‘)‘rt I page 18, showed in references page.
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n=

___EQVATION

Oy/Dy,
3

k= a.bl
h(a+b)
r =

d/

This table was taken frdm

FOR SALOON

a=7m
b=4m
H=2.9m
h=0,85m

E=50 liix From table

h= H-h1 = 2,9-0,8 =2,1
k= (axb)/h(a+b) = (7x4)/2,1(7+4)= 1,2

[ILUMINATION EQUATION

SYMBOL ) EXPLANATION
n .~ Number oflight bulbs
Oy - [Totallight flow necessary (Im)

{Light flow given by a light bulb.

- | Room index (according to dimensions)

__[Length (m)

|width (m)

|Height of the light source to the working sueface (m)
[Height of the light source to the floor(m)

A[éig‘ht of the working surfaces to the flor (m)

TNecessary illiminiations level (lux) chosen from the table
]Su:rface area that will be lighted (m2)

|Pallution installmentfactors 1,25 - 1,75

Efﬁcensy faCtOTS of’ the installment 1t is chosen from the table

chosen room index

‘1~,y‘p3ge 19, showed in references page.

J
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Ork= 1,2 n=0,41 is chosed from table 2
=1,25
D1= ExAxd /1 = 50x28x1,25 10,41 = 4268 Liim <2x2850 liim

a
FOR life room
a=4m
f
b=4m b
H=2.9m

h=0,85m ,
E=50 lix From table

'The armature tipe = fluoresc:

FORkitchen

a=3m
b=3m
H=2.9m
h= 0,85m .
E=125 liix From table‘:{,! .

h=H-hm=2908=21M
k= (axb)/h(a+b) = (3x3)/2,1(3+3) = 0,95

fork= 0,71 11=0,27 is choseri from fable'Z

d=1,25

<>T= ExAxd 11 = 125x9x1,25 10,27 = 5208 Liim <Ix5600 liim

e armature tipe= fluorescant lamb tipe= 36/40 W have been choosen.

amb tipe: 36/40 W have been choosen.
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below.

PL_(economic)

The armature tipe = fluorescant lamb tipe = 65/80 W have been choosen.

- TYPICAL FLOWS OF SOME LAMPS

TYPE OF LAMP

{POWER OF LAMP (W)

GUW (GENERAL USING-WIRED)

160
IS

FLUORESCANT

18/20
poM0
165780

P
n
s

20
b3

2D COMPACT FLOURESAN

16
28
e

MERCURY (MBF)

o
1135
J400
1000

MERCURY (MBIF)

<1250
1000

H.PRESSURIZED SODIUM (SON PLUS)

100
400

H.PRESSURIZED SODIUM (SON DELUXE)

150
1400

TUNGTEN HALOJEN

300
500
750
1000
1500

The light flow for this tipe of lamb has been showed as 5600 lumen in table

IAVERAGE FLOWS (Im)

610
1230
1100
2850
5600
400
600
900
1200
1500
1050
2050
3050
1800
6300
12250
38000
17000
81000
10000
54000
12250
38000
5950
11000
16500
22000
33000

This table was taken from ’r,ep‘ort‘ﬁf page 18, showed in references page.
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[llumination of kitchen and bedrooms have been done in the Same way.
Finally the number place and power of the armatures have been calculated for

each flat.»

124 STARTINGTHE FINAL PROJECT DRAWING

Situation plan has been drawn considering the location of the area where

the building is standing. They 1nlet able to building was designated. Force

projects of first floor and other ‘ﬂdOi’k‘S;Were drawn. Conductor cross-sections

were chosen as; 1.0 mm? forhgh‘touﬂet,Z,S mm: for socket outlets,2,5 mm:-4

mm: for the linye ouﬂets“l at least {,‘156*m‘m? for column lines. Fuse currents that

will be used in these hnes were determmed according to receiver currents. A

linye has been Shown Vfor each alr-cond1t10ner Dishwasher and oven in the

kitchen have been fed Wlth he same ’hnye Light 0,3 mm, socket and ground 0.4

mm thick, column 11nes~0;6 thlck;,{,Writmg and walls 0.2 mm thick were selected

in the plan. Total 16 hgh outlets havé been fed by two linye and 19 socket
outlet have been fed by9 line The svz)(;kets in the kitchen were planned to put at

least two meters away from Slnk‘and tap. The main table were planned to first

floor entrance, dlstrlbutlon tables/were planned to a suitable place in front ofthe

inlet door. All the cduﬁter

:1nstglled into the main table.The grounding line
has been done with 16 mhi, copper conductor and grounding has been done with

0,5 mz copper board asy statec m‘laws

The and1cat10n_ of ahnye tables and characterdistic features of the

motors for first and theordm ry ﬂoors have been showed in the, tables at the end

of tis chapter.’ e
This is divided into Varipus types according to materials we use in internal

electricity installation:

Prof Dr.Muzaffer KAY A, Aydinlatma Teknigi, Page No Between 208-214, Birsen Publishing, 2000,istanbul
Zafer URGUPLU, Elektrobank.Elektroteknik Bilgi BankasiPage No 350-351-352,, Bizim Biiro Publishing,1997,Ankara
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1) Installation made with conveyers with pipes
2) Installation with Pesel pipe
3) Installation with antigron (material for damp places) material
6) Installation on the isolators
5) Installation with underground cable
During coristl.1.1.¢tign.Ofthese installations the work order to be followed is
/e. for over-pla~~1~/t][sllationand for conveyers with pipes is as follows:
1) Drawing thewwa;v;,m£, theconveyer:  The conveyer, should be placed in a way

that will notsp6il'~n:~Iftllp.p~afallce of the wall or the ceiling. We should place the
keys to places that

k’\ldnéasily-be reached when the door is opened.

2) Openmg tl’thl holes They should be opened by hole pens and by drills.

wall by pipe &t~ nai . lnails or by wooden screws on the plugs, formerly

placed.

7)Makin g the connectzon

8) Hanging and connecting he lam rsand chandeliers

For sub-plaster installation with Bergmen and Pesel pipes, the order is as

follows:

First of all, we draw the way :for{ conveyers Then we mark places ofjunction
boxs, keys and sockets( Then we open channels on the walls and on the ceiling
for pipes. After that we placej the" cases of j junction boxes, keys and sockets
taking the plaster thlckness mto cons1dcmlm®m We attach th~ pipes with screws
to the channels formerly opened ‘We take and connect the conveyers from the

pipes by the help of gnidanca only after plaster is made and dried.
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Before the underground cables spread the conductor way must be
resignated.The cable cannel is opened at least 80 cm depth and 40-50 cm
width.Sand must be put at least 10 cm deep ofthe canal cable is installed. After
putting the sand on the cables bricks must be put. After that the system is buried
by soil."

12.6 Cbousing Pewer of Implement and Reduce Voltage
For a house _
Water Pump 750 s0W 67A
Soccets 5X100%+5X40% 7 A
Air condion —3000/240 =:‘~12 SFirst 10 A+% 50 of last eurren= 11.25 A
Heater=3000/240 = 12.5 First 10 A+% 50 of last curren= 11.25 A
Cooker+Boundry hir e+ Washing Machine=
(2500+2500+20(“):Q),2f = 9,1 A =First 10 A+% 30 of last curren = 15,73A
Light— (5+5)66%

ent is 58,53 A

For apartman e . ;

Water pump =67X 53, 6A

x TXTX40%=26.6 A

Air Condition —12 5X 00 /6+12 SX50%+12.5X33%+12.5X25%+12.5X4X20%=35.89 A

Heater =12;5X100‘3/':‘+12~.~5X100%+12.5X25%X6X=43.75 A

Fixed Mach1ner1=29' ~ X 0 ,;/o+19 11X50%+29.11X33%+29.11X25%+29.11X4X20%=84.2

Light —10X8X50%, 4
Total curr f'ls 254.08 A

Soccet

If we can think that three‘ihouse are feed from a line as R phase, a phase line

has 254.08/3 A = 84‘.'6.A total current. Acording this result we can chose

4x35 mm2 PVC cable‘fko“rf’main'COIum line 2

* KTMMOB's isue table 1M
* KTMMOB's isue table Diversite cofficient
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12.6.1 Count of Reduce Voltage

HUP Counter Box Distrubeter Box
4x35 mm2 NYY 15m 2x16 mm2 PVC 12M mm2 IOm

Betwen Hup and Counter Box

AUHc = gixLixli = 1.2x1 [x84.6= 1528.8 mV
-2750,4 mV

_.Uco = gzxl.cxla= 4x12x57,3=
A. UoH' = g3L3xh= 16x8x12,5 1600 mV

AUriH= AUHc+ ~Uco+ A UDH>== 15'$'0%&2750,4+1600= =5879 <6000 mV

Cables are satisfy

Heather
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12.7 COST CALCULATION

UNIT NO IDENTIFICATION OF WORKING
A-1 Forward level light circuit
A-2 Type hook light circuit
A-3 Type ceiling light
A-12.5 Florasan light

C-1.1 1x13 A Soccet circuit
C-2.1 Heater impliment circuit
C-2.8 Cooker kontrol circuit
C-25 Boundry machine circuit
C-2.6 Washing machine circuit
C-2.10 Air condition circuit
C-2.11 Kitchen aspirator circuit
C-2.14 Bell circuit

C-2.16 Stair ot.

C-2.18

D-1.1

D-134

D-1.4.4

E-1 Voltage ot.

E-3 Current ot

G-14 Colum line

G-2.12 NYY cabble

H-4.5 MCCB 3x160

L1.16

J-4

UNID UNITP. TO.PRICE
80 nurnr 34.200.000 2.560.000.000
80 Num 36.800.000 2.944.000.000
80 Num 44.000.000 3.520.000.000
80 Num 92.300.000 7.384.000.000
192Nu 45.000.000 8.640.000.000
& Num 110.000.000 880.000.000
&Num  98.000.000 784.000.000
&Num  73.500.000 588.000.000
8Num  73.500.000 588.000.000
Num  73.500.000 588.000.000
ENum  34.000.000 277.600.000
ENum  68.300.000 546.400.000
| Num  93.200.000 93.200.000
I Num 124.000.000 124.000.000
24 Num 49.200.000 1.180.000.000
13.300.000 13.'300.000
16.200.000 16.200.000
128.000.000 1.152.000.000
146.000.000 1.314.000.000
84m 7.500.000 630.000.000
I5m 31.100.000 466.500.000
| Num 452.000.000 452.000.000
8 Num 424.000.000 3.392.000.000
I5m 122.100.000 181.500.000
TOTAL.: 29.674.200.000 YTL
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CONCLUSION

il r
i, oA, o -10 : _ : .
For an electrical ehgineer.the-fitt)s{ importantisUbject..is-drawiftglectrical installation projects.

Because the engineer is inlaginingsomethingt~at is not present and he or she has to think and
apply in a very unusual and complex way. \V"elchoose a project about electrical installation:
While working in the topic of electrical instl1,lla.tioneveryondgchnicians or engineers should
be very careful because small mistakes can cause big damages in application.

In this project all regulation standards ofIEE and British standards have been applied very
carefully.

This project indicated us nearly all criticalpditits of drawing an electrical installation project
ofa complex building like a hospital. | )

This project also showed us it is not enoug~t9)llst to be an engineer. Also an engineer has to
be a good electrical technician to clarify his mine about some critical points while drawing an
electrical project.
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