Introduction

From the user’s point of view the electricity service in a building consists of light
switches, sockets_ clock connectors, cooker control units and similar outlets. Such fittings
are collectively known as accessories; this name came about because they are accessory
to the wiring, which 1s the main substance of the installation from the designer’s and
installer’s poimnt of view. To them. the way the outlets are served 1s the major mterest. but
it 15 quite secondary to the user who 1s concemed only with the appearance and function
of the outlet. In the complete electrical installation of a building the wiring and
accessories are interdependent and neither can be fully understood without the other: a
start has to be made somewhere however. and in this book it 1s proposed to consider
accessories first.

Switches

A switch 15 used to make or intermupt a circuit. Normally when one talks of switches one
has in mind light switches which tum lights on and off A complete switch consists of
three parts. There 1s the mechanism itself. a box containing it. and a front plate over it.

The box 1s fixed to the wall, and the cables going to the switch are drawn into the box.
After this the cables are connected to the mechanism. To carry out this operation the
electrician must pull the cables awav from the wall sufficiently to give himself room to
work on the back of the mechanism. He then pushes the mechanism back mto the box
and the length of cable that he had to pull out from the wall becomes slack inside the box.
It 15 therefore important that the box 1s large enough to accommodate a certain amount of
slack cable at the back of the mechanism.

Standard boxes for recessing within a wall are 16, 25, 35 and 47mm deep. Sometimes
the wiring 1s done not in the depth of the structural wall. but within the thickness of the
plaster. For use with such wiring. boxes are made 16mm deep (plaster depth boxes). It 1s
often necessary to install wiring and accessories exposed on the surface of wall. For such
applications surface boxes are made which are both more robust and neater in appearance
than boxes which are to be recessed in walls and made flush with the surface. although
they are made to similar depth. Typical boxes of both tyvpes are shown in Figure 1.1



Figure 1.1 Boxes (Courtesy of M.K.
Electric Ltd)



Figure 1.3 Switches (Courtesy of M.K.
Electric Ltd)

I S WY S YT

Figure 1.4 Double pole switch



13 A unswitched ISA 2A standard fitting

13 A twin-switched 13 A non-standard (see carth pin)

13A floor 2 A conduit box fitting

Figure 1.5 Socket outlets (Courtesy of
M.K. Electric Ltd)
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Hazardous areas

There are industnal processes which mvelve a nsk of fire or explosion. Generally, the
n:zk anses because flammable vapours or dusts are present i the atmosphere. For
example, m coal mines there 15 always the possibibity of methane appeanng m sufficient
concentration to 1gnite or burn. In such cases any electncal equipment 1n the area subject
to nsk must be specially designed to reduce that nsk.

The mere flow of electncity will not 1gmate a vapour unless the temperature becomes
too high. The temperature can be kept low by adequate sizing of the cables so that thus 1=
not a problem as far as the mstallation 15 concerned. The swface temperature of motors,
lumunawes and other electneal equpment mnst, however, be considered. Vapour can also
be 1gmited by a spark at a termunal or switch or as a result of mechameal damage causing
a spark or local hot spot. There are varous ways of desizming equipment to reduce the
nzks m harardous areas and these are mow covered by Bnhsh Standards which are
barmomzed with European standards 1f the national standards do not exactly match. If the
national standards are identical, then they will be designated as a Euro-Norm EN.

1 Zone 0 (ATEX category 1G {Gas}) A place m which an explosive atmosphere
consisting of a mixture with air of flammable substances in the form of gas, vapour or
muist 1s present continuously or for long periods or frequently.

2 Zone 1 (ATEX category 2G {Gas}) A place mn which an explosive atmosphere
consisting of a mixture with air of flammable substances in the form of a gas. vapour
or must 1s likely to occur i normal operation occasionally.

3 Zone 2 (ATEX category 3G {Gas}) A place mn which an explosive atmosphere
consisting of a mixture with air of flammable substances in the form of a gas, vapour
or must 1s not likely to occur 1n normal operation but, if it does occur, will persist for a
short period only.

For dusty atmospheres the following definitions apply:

1 Zone 20 (ATEX category 1D {Dust}) A place in which an explosive atmosphere in the
form of a cloud of combustible dust 15 present continuously or for long periods or
frequently.

2 Zone 21 (ATEX category 2D {Dust}) A place in which an explosive atmosphere in the
form of a cloud of combustible dust 1n air likely to occur in normal operation
occasionally.

3 Zone 22 (ATEX category 3D {Dust}) A place i1n which an explosive atmosphere in the
form of a cloud of combustible dust 1n air not likely to occur in normal operation but,
if 1t does occur, will persist for a short period only.



Table 1.1 Equipment types

Zone Tpe af protection
0 ia

1 iaibdep

2 Liaib.dep N

Table 1.2 Temperature classification

Class Maximum surface temperature °C

T1 450

T2 300

T3 200

T4 135

T5 100

T4 83

First Degree of protection

characteristic

numeral

0 No protection of persons against contact with live or moving parts nside the
enclosure.

No protection of equipment against ingress of solid foreign bodies.

1 Protection against accidental or inadvertent contact with live or moving parts
inside the enclosure by a large surface of the mman body, for example. a
hand, but not protection against deliberate access to such parts.

Protection against ingress of large solid foreign bodies.

2 Protection against contact with live or moving parts inside the enclosure by
fingers.

Protection against ingress of medium-size solid foreign bodies.
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Profection against contact with live or moving parts mnside the enclosure by
tools, cables or such objects of thickness greater than 2. 5mm.

Protection against ingress of small splid forelgn bodies.

Protection against contact with live or moving parts inside the enclosure by
tools, cables or such objects of thickness greater than lmm.

Profection against ingress of steall solid foreign bodies.

Complete protecton against contact with live or moving parts inside the
enclosure.

Protection against hamminl deposits of dust. The ingress of dust is not totally
prevented, but dust canmot enter in an amount sufficient to merfere with
satisfactory operation of the equipment enclosed.

Complete profection against contact with live or moving parts inside the
enclosure.

Protection against ingress of dust.

Table 1.3b Protection of equipment against ingress
of liquid

Second characteristic  Degree of protection

rumeral

]
1

(B

Mo protecion.

Protection agamst drops of condensed water:
drops of condensed water falling on the enclosure shall have no harmdol
effect

Protection agamst drops of lignid:
drops of falling Ligquid shall have no hannifol effect when the enclosare
iz tilted at amy angle up 1o 15° from the verocal.

Protection agamst rain:
water falling in rain &t an angzle up to 0° with respect to the vertical
shall have no harmiul effact.

Protection agamst splashing:
Liguid splashed from amy direction shall have no hammdul efact.

Protection agamst water-jefs:
water projecied by a nozzls fom any direction undsr stated conditions
thall have mo harmiéul effact.

Protecion azamst conditons on ships’ decks (deck watertight
equipIent):

water from hesvy seas shall not enter the enclosure nnder prescribad
conditions.

Protection agamst immersion in water:
it mmst not be possible for weater to enter the enclosure under stated
condifions of pressure and time.




Standards relevant to this chapter are:

B5 67 Ceiling roses

BS 194 Protected-type non-reversible phags, socket owtlets, cable couplers and appliance
couplers

BS 344 Two-pole and earthing pin plugs, socket outlets and adaptors

BS 1343 13 A plugs, socket ontlets and boxes

BS 35352 Isplatng transformers and safety isolating wansformers. Specificaton for

transformers for reduced system voltags

BSEN 60742 Isolating ansformers, and safety isolating mansformers

BS 36T6BS EMN 60680  Switches for domestic and similat purposes

1

BS 4177 Cooker conrol umits

BS EN 40300 Indusoial plags, soecket putlets and couplers

BS 4573 Two-pin reversible plugs and shaver socket ontlets
BS 4483 Electrical apparatmes for explosive amaospheres

BS EN 50021

Electrical apparatus for potentially explosive aonospheras. Type of
protection ‘m’

B5 5125 50 A flameproof plugs and sockets

BS EN &M79-14 Elecirical apparatus for explesive gas amospheres. Electmical
installations in hazardous areas (other than mines)

BS 3419 Air-break switches up to and mcloding 10000V a.c.

BS EN 600473 SpecifScation for low-voltage switchgear and conTolgear

BS EN 60520 Specification for degrees of protection provided by enclosures (IF cods)

BS EN 50014 Electrical apparatus for potentally explosive amnospheras

BS 5733:1005
BS 6220:1983

Creneral requirements for electrical accessoriss

Junction boxes

BS EM 50281-1-1,1-2  Protection of apparatus for use in presence of combustible dusts
IEE Winng Fegulations BS 7671 parficularly applicable to this chapter are:

Begulations 412403

Begulations 47105

Saction 476

Section 511



Chapter 2
Cable

Introduction

Elecineity 1= conveved i metal conductors, which have to be insulated and whach also
have to be protected agamst mechameal damage. When the conductor 15 mmsulated to
make a usable plece of equipment for camrymg elacticity, it becomes a cable. This
nomenclature makes a convement and logical distinchon between a bare conductor and
msulated cable, but m practice the terms ‘conductor’ and ‘cable” are in fact used
mterchangeably and 1t 15 only the context which makes clanified what 15 bemg referved to.
We shall fry to avold confusion and shall diseuss conductors first and the imsulaton
applied to them afferwards.

Conductors

The commonest conductor used m cables 15 copper. The only other conductor used 1s
ahiminium. Copper was the sarher one to be used. although alummmm has the
dizadvantage of being much weaker than copper. Cumequeuﬂv BS 7671 states that the
minimum permissible cross-sectional area is 16mm’. Aluminium’s greatest assets are that
if 1= cheaper than copper, lighter, and that 1= pnica 15 less hable to fluctnations.

Conductors have usually been made except for the smallest sizes, by twishng together
a2 number of small cables, called strands, to make cne larger cable. A cable made in thas
way 15 more flexible than a single cable of the same size and 15 consequently easier to
handle. Each layer 15 spualled on the cable m the dwechon opposite to that of the
previous layer; this reduces the possibihty that the strands will open under the mfluence
of bending forces when the cable is being installed. lmm” has a solid core, 1.5mm” and
2.5mm’ is available as solid or stranded core; sizes zbove these are available as stranded
core only.



Inzulaton

Every conductor must be insulated to keep them apart, keep the flow of cwrent within the
conductor and prevent 1t= leaving or leakinz from the conductor at random alomg 1ts
length. The followmg tvpes of msulaton are 1n uss.

Thermoplasae PVC

Polbyinyl chlonde 15 one of the commonest materials used by man today. It 15 3 man-
made thermo-plastic which 15 tough, incombustble and chemycally unreactive. Its chief
drawback 15 that if softens at temperatures above about T0°C. It does not deteniorate with
age and wirmng camied out m FVC msulated cable should not need to be renewed 1n the
way that wirng msulated with meost of the older matenzls had to be. PV msulated cable
consists of cables of the types desenbed above with a confipnous layer or sleeve of PO
around them. The only restrnction on this type of cable 15 that 1t should not be used in
ambient temperatures higher than 70%C.

Thermoserming insularon

There are plastics available as alternatives to PVC which have the advantage of bemg
able to operate at higher temperatures. The most usual is XLPE, which 15 a cross lnked
polvethylene compound. Ancther altermatrve 15 hard ethvlene propvlene rubber
compound, which 15 designated HEFPE. These matenials are normally used only in cables
which bave cable armouring over the insulafion and an cuter sheath over the armouwnng.
The outer sheath 15 generally of FVC. The constmchon 15 then similar to that of the PVC
wire armoured cable shown m Figure 2.3, the only difference being that the mmner
msulation 15 XLPE or HEPR instead of PVC.

Bueyl rubber

This insulation 1= used for cables which are to be subjected to high temperatures. It 15, for
example, used for the final connections to mmersion heaters, for the control winng of
gas-fired wamm-air heaters and within ainng cupboards. It can safely be used for ambient
temperatures up to 85°C. Butyl rubber also has greater resistance to moisture than natural
rubber.

Sthicone rnbber

This 1= completely resistant to moisture and 1= swfable for temperatures from —60°C to
1307°C. It 15 undamaged after repeated subjection to boiling water and low pressure steam,
and 15 therefore used on bospital equipment which has to be stenhzed.

Although 1t 15 destroved by fire, the ash 15 nop-conductive and will confinue to serve
as insulation if it can be beld m place. A braid or tape of glass-silicone rubber will hold 1f,



Glass

(zlazs fibre has pood heat-resisting properties and 1s therefore used for cables which are
emploved mn high-temperatore swroundimgs. One example 15 the internal winng of
electric ovens. Another applecation which may not at first sight seem to reguire heat-
resisiing cable lhes mm flexible cords for lummamwes. Although the object of an
meandescent lamp 1= to convert electrical energy mto light, mest of the energy 1s 1n fact
dissipated as heat. Many lummamres restniet the paths available for the removal of heat
and in consequence produce high local temperatures. The lugh temperature 1= transmatted
to the flexible cord both by direct conduction through the lamp socket to the conductors
and by an merease m the local ambient temperature. If the flexible cord 1= to last any
length of fume, 1t mmst be capable of withstanding the temperature 1f 15 subjected to.

One tvpe of flemble cord 1= made from tmned copper conductors imsulated with two
layers of glass fibre, which 15 impregnated with varmish. A glass fibre braad, also
mpregnated with vamish, 1= applhed over the primary msulaton. This type of cord can be
used at temperatures up to 135°C. If it 15 made with nickel-plated conductors and a
silicone-baszed varmish, 1t then becomes smitable for temperatures up to 200°C.

Paper

Paper-insulated cable was used for power disinbution for nearly a century. It 15 too bulky
to be used for the small cables of final circwits within bwldings, or for most of the sub-
mams. The smallest practicable ratng 1= 1004, and 1ts chief use 15 for the Electnoty
Supply Company’s underground low-voltage and medmm-voltage distnbution.

The conductor 15 either stranded copper or stranded aluminmm, the latter becoming
mereasinghy popular as its price advantage increases. Whichever 1z used, 1t 15 heawily
stranded to give good flembihity, which 15 1mportant in a cable of such comparatively
large size. Paper specially made for the puwrpose 1= used as an msulator. It 15 essential that
it should have good mechamical properfies to be smitable for this applicafion. Paper itself
15 a bygroscopie, fibrous material. and has to be mmpregnated with an oily compound to
make 1t fit for use in ¢ables. The compound used 15 2 heanvy mineral o1l mixed with resin.
On its own mpregnated paper, msulation would be too fragile to be used unprotected.
and a2 lead sheath 15 therefore applied over the insulation. Further strengtheming and
protection can be apphed according to the mtended use of the cable and the phy=ical wear
to which 1t may be exposed. A very good strong protection 15 afforded b steel cable or
tape.

Figmre 2.1 shows a single-core PVC-insulated steel wme ammoured PVC-covered
cable. This 15 conventionally referred to as a PVOSWAPVE cable. Figure 2.2 shows a
three-core PVC-insulated steel wire armoured cable with a PVC covenng. The
abbreviation for this 1= FVC/SSWAPVC cable. A considerable number of vanations on
this basic desigm 15 possible and, for any ziven application, a cable can only be chosen
with the help of 2 cable manufachurer’s catalogue.



FVC 1= now used for the larger power and sub-main cables and bas superseded paper-
msulated cables for these applications. The construction of such cables 15 symmlar to that
of paper msulated cables, and another example 15 shown m Figure 2.3, This particular
cable would be descnibed as three-phase straight concentric, which would be abbreviated
PCUPVC stranght concentne/PVC cable. This type of cable 15 used to supply THN-C-S
systems, where the armournng forms the CPC and the neutrzl conductor.

Figure 2.1 Smngle-core
PVC/SWA/PVC cable

Figure 2.2 Three-core screened and
armoured cable

Figure 2.3 Three-phase straight
concentric cable
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Figure 2 4 Rising mains

where they mun honzontally at lugh level along the walls of workshops. Plain connectors
can be fixed at short mtervals and short cables run from each set of connectors to a switch
fuse fixed on the wall immediately below or above the tunking. The switch fuse can then
be connected to serve a machine near 1t on the floor of the workzhop.



Copper sheath

L Conductors

MMineral insulotion

Figure 2.5 Nineral insulated copper
sheathed cable

MIMS cable 1= extremely robust and. when properly mmstalled, has an mdefimite life. It
can be used outdoors and for such use 1z wsually supphed with an overall covermg of
PV It 15 then known as MIMS PV sheathed. Smee PVC 15 embnttled with uliraviolst
hght, this FVC covered cable should not be mstalled where it will be exposed to direct
sunhght. This 15 not as drastic a restncfion on ifs use as may appear since 1t 15 probably
unwise to mm any cable where 1t 1= so exposed that direct sunlizht can reach 1. In any
such situation, 1t would also be too vulnerable to damagze by vandalism and from amimals.

Because of 1fs robustness, MIMS requires no further protection, but will not withstand
being struck by sharp objects. It 1=, therefore, more easily bkt mto the stucture of a
building than other cables, nearkly all of which must have some form of enclosure around
them. Because 1t has an indefimte hife, there 1= no need for facihiies to make it possible to
rewire the ms=tallation. For both these reasons, 1t can often be used where no other cable
would be entrely satisfactory. MIMS cable can camry a hugher current than other cables
with the same size conductor because the msulafion can withstand a higher conductor
operating temperature. However, 1tz current camrying capacity depends on whether 1f 15
bare, FVC-covered. exposed to touch., or mn confact with a combustible matersal. It
follows that for a given cwrment the cable can be smaller of BINYS 15 used than if another
tvpe of cable 15 nzed. Thas 1= a2 very useful property which makes it possible to conceal
MIMS cable in corners which are not large enouzgh to hide the larger cable that would
have to be used with another sy=tem.

The magnesium oxide mmsulation 1= kygroscopic and will lose its msulating properties
if left unprotected against the meress of moisture from the atmosphere. To prevent this
happening, MIMS czble must be termunated m specal seals and glands, which are
supplied for the purpose by the cable mamufacturers. If the cable 15 cut and the ends left
unsealed for any length of fime, as can happen m the course of work on bulding sites,
molsture can penefrate the msulafion and rendsr the cable useless. In most cases,
however, moisture will pensetrate unsealed ends for only a short distance of not more than
Spmy. It 1= then sufficient to cut off the damaged end of the cable, after which the
remainder can be used 1o the normal wavy. If the cable 15 camving full rated cwrrent, it will
operate at about 90°C; care must be tzken that the accessory or luminamwe to which the
cable 15 connected 15 designed to withstand 90°C.

Read other cable notes Chapter 2 Page 29



Standards relevant to thas chapter are:
B5 2316 Fadio frequency cables

B5EN Copper wire for the manufachare of elecmnc cables
13602

B5 4604  Electric cables. PVIC inmlated non-ammoured cables for voltages up to and incloding
4500750, for elecimic power, lizhting and infermal wiring

B5 4007  Eleciric cables, single core nnsheathed heat recisting
B5 4§19% Insulated flexible cables

B5 6207- Mineral insnlated cables
3

BS 6346 PVC insulated cables
B% 6480  Paper insulated cables
B5 4500  Eleciric cables, flexible cords

BSEN Flexible cables for Lifts
50214

[EE Winng Eegulations particulary apphecable to this chapter are:
Fegulation 4122

Chapter 52



Chapter 3
Wiring

Introducion

To the average user the only mmportant part of the elececity service 15 the outlets at
which he received electiicity. To the enginesr concerned with designing or imstalling the
service, the syvstem of cables which hnks these outlets to each other and to the supply
coming info the bulding 1s just as mportant and perhaps even more so. In practice, the
electrical service 15 a complete mterdependent svstem and the practical enzFmeer thinks of
it as a whole, but, as with the teaching of any subject, one has to break 1t down mto parts
in order to explain it mn an orderly fashion which will make sense to a student with no
previous knowledze of the subject.

In this chapter, we shall consider different ways in which cables can be mstalled 1 a
building. The caleulation of the size of particular cables we shall leave to Chapter 4 and
the selection and grouping of cutlets to be served by one cable we shall leave to Chapter
5. For this chapter, we assume that we know where cables are to mun and discuss only
bow to get them imto the bwlding This aspect of the electrnical service can for
conventence be called ‘methods of mstallation”.

A method of mstallaton consists of taking a suitable type of cable, grvmmg 1t adequate
protection and puttng 1t intfo the bmlding in some wav. The subject can. therefore, be
farly logically considered by considenng tyvpes of cable, methods of protechon and
methods of mstallahon. The tvpes of cable available and m general use hawve been
deseribed 1o Chapter 2. The protection against mechanical damage given to cable 1=
sometimes part of the cable itself as wath PVC mmsulated PVC sheathed cables, and
sometimes part of the method of mmstallation, as with conduit systems. It can be more
confusing than helpful to take a logical scheme of things too ngdly and. rather than deal
with protection m a chapter of 1tz own, we are dealmg with 1t partly in the previous
chapter and partly 1o thas, accordmg to whether 1t 15 associated with the cable or wath the
method of winng.

It 15 probably true to sav that one of the commonest methods of mstalling cables 1= shll
to push them into condurt and we shall devote most of our attention to this,



Conduit

In a condmt system the cables are drawn nto tubing called condwit. The condmt can be
steel or plastic. Steel condmt 15 made m both light gange and heavy gauge, of which
beavy gauge 13 mmch more frequently used. In both cases, 1t can be made either by
extrusion or by roling sheet and welding 1t along the longitudinal joint. The latter 15
specified as welded condwit and the former as seamless. Seamless condwt 15 zenerally
regarded as the better quality. The different =mizes of condmt are idennified by their
nominal bore and in the case of electrical condwt the nominal bore 15 always the same as
the outside diameter of the tube. Thus 20mm light and heavy gauge condwis both have
the same outside diameter and consequently mmst have shghtly different inside diameters.
Thas 15 the opposite of the convenfion used for pipes for mechamical engineenng 1 which
the nominal bore usually comesponds more closely to the imside than the outide
diameter. Electrical condmt 15 specially annealed so that it mav be readily bent or set
without breaking, splitting or kmking,

Heavy gange condwt 1z normally joined together by screwed fithngs; there 15 a
standard electrical thread which 15 different from other threads of the same nomumal
diameter. A screwed connechion between two lengths of condut 15 shown i Figure 3.1.
A male electncal thread 15 cut on the ends of both lengths of condut to be joined and a
standard coupler with a female electrical thread 1s screwed over them. A lock out, which
kas been previously threaded well up out of the way on one of the male threads, 15 then
wound down and tightened against the coupler. The screwed connection 15 rehed on for
contmmty of the earth path and the lock nut 15 essenfial to prevent the socket working 1ts
way along the threads unfil it engages more on one condut than on the other. The reason
for wanting an earth path 15 discussed i Chapter 9. Methods of joinmg condmt to boxes
of the kind desenbed m Chapter 1 are shown in Figure 3.2, A bush of some sort must
always be used fo provide a smooth entry mto the box, to aveid sharp cormers whach
conld damage the cable msulation, and 1n certain cases to mamtam earth contimmnty.

Coupler Locknut

o _,f

Rt Ry =
1
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Conduit

Figure 3.1 Condwmt coupling
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Figure 3.2 Conduit entries into boxes



Wormg 49

total cross scctional arca of cables

. - —x 100
internal cross sectional area of conduit

Note that the space factor relates to the space taken up by the cable and not the
unoccupied space.

It 15 harder to pull several zmall cables together than one large cable. and when a
number of cables have to go in the same conduit, it 15 advisable to




To avoild damage to cables as they are drawn m, bairs on cut ends of condmt must be
removed with a reamer before the lengths of condwt are jomned.

There are a number of positions m a buldmg 1o which the condmt can be fixed. It can
obviously be run on the swrface of walls and ceilings, and when a bmlding 15 constucted
of fair-faced bnck walls, surface condwt 15 usually the only practicable winng sv=tem
which can be adopted. If walls are plastered, the condwi can generally be concealed
within the plaster. There must be at least 6mm of plaster covenng the condwt if the
plaster 1= mot to crack. Since plaster-depth condwit boxes are 1&mm deep. the total
thickness of plaster mmst be at least 22mm. If the archutect or builder proposes to use a
lesser thickness than this, 1t becomes mecessary to chase the condwt mio the wall so that
some of the total distance of 22mm between face of plaster and back of condurt 15 mn the
wall and some 1 the plaster. This 15 shown 1o Fizure 3 .8.

Chase in wall
; Flast er
Conduit
Figure 3.8 Conduit chased info walls

In many modem buldings, internal partifions which do not carry any of the structural
load are made of breeze-blocks about 7imm thick and m some cases as hitle as 50mm
thuck. If these have to be chased to take 25mm condwmt, there 15 wvery httle pariton left.
Usmg condurt with such partifions 15 a very real problem and the slectnical engmeser often
bas to zbandon a condwit system m favouwr of one which 1= less robust but takes up less
space.
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Figure 3.10 Conduit fixtings

Electncal conduif 15 not thick enough to support its own weight over long distances
without saggmg. The supports mmst, therefore, be at gute close imtervals, and the
maxmum distances which should be allowed betwreen supports are as follows:

Horzontal Vertical
2(mm conduit 1.75m 20
25 and 32mm conduit 2.0m 25
40mm and over 2125m 25

The IEE Guwidance MNote 1 and the IEE On-Site Gwde both give pmdance on the
maxmmum spacing of conduit fastenings.
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Figure 3.15 Cable trunking



PVC insdaoied coble

Tough flexible
FYC conduit
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Figure 3.18 MICC cable seal
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External wiring

It 15 sometimes necessary to mun cables from one building to another. Thas can be done
either with cables munnmg under the ground or with overhead cables. Cables that are to be
run underground can be armoured paper, armowred PVC or MICC cables. All these are
strong encugh to be laid dwrectly mn the ground and buned, but 1n order that they should
have reasonable protechion against damage they should be laid at least 600mm below the
ground level Simmce they all have metal armownng or sheathing, no protechon m the



ground 15 really necessary, but 1t 15 very usual to provide a bed of sand, and cover the
cable loosely with tles before the trench m whach 1t has been laid 15 backfilled. If
someone later has occasion to dig the ground near the cable they wall hut the files first and
be wamed that there 15 something underneath them Tiles are available for this usze which
have leftermg on them saving “Danger—Electric Cables™; thev are known as electneal
files. A cheaper altermmative 15 plashic tape with the zame lettering. This has almost
umiversally superseded tiles although it mav be questioned whether 1t will be notced
before the dizging tool has gone through it and the cable. Ancther method 15 fo mstall
over ground markers showing the hine of the run of the underground cable

It 15 alzo possible to bury condwmt m the ground and pull cables through it in the
ordinary way. Because of the danger of corrosion m the soal thais 15 not however a good
practice. It 15 better to use bmlder’s polythene pipe as ducts mnstead of condmt, and 1 fact
this 1z very often done. It 15 harder to provide frequent access to underground ducts than
to condwt in a buldng, and the lengths between draw-in pomts can become rather large.
At the same time there 15 plenty of room 1 the ground for larze-diameter pipes, and 1t 1= a
sound precaution never o use anythmg smaller than a 10{mm polyvthene or earthenwrare
duct.

In cerfam cases it 15 common prachce to use polythens condwt underground. Ths
bhappens for example when the cable from a communal TV aenal kas to cross from one
building to another on the same site. It 15 also the standard method of bringmg telephone
cables mfo a bullding in uwrban areas where the main telephone cables are m the road
outside the new bulding. Telephone cables are quite smazll and can be easily pulled into
20mm conduit over considerzble distances.

Buned cables rely on conducton of heat through the soil fto dissipate the heat
generated by the current 1n the resistance of the cables. If there are other semices whach
heat the soal locally then the rate of dissipation of heat could be reduced. and the current
carrving capactty of the cables would then also be reduced. The cbwvious example of a
service which would have thes effect 15 a distiict heating mam. But i addifion o ths
considerafion some thought st be grven to what happens when maintenance work 1=
done on underground services. It 15 undesrable that workmen who may have to expose a
length of buned gas or water main should have to dig near a2 live electne cable. There are
thus two reasons why underground cables should be kept well away from other buried
services. & good prachical rule 1= to have a mumimum distance apart of 2m.



Cable entries

The entry of cables from the cutside to the mside of a building sometimes canses
difficulty. There nmst obvlously be a hole m the wall which has to be fight round the
cable and which has to be sealed to prevent dirt, vermin and moisture entering. Whether
the cable 15 an ammowred type laid dwectly in the ground or whether 1t 15 drawn mto a
duct, the most prachicable way of making the entry mto the bulding 15 by means of an
earthenwrare duct built through the wall below ground level When the cable has to bend
up to nse on the inside face of the external wall a duct bend can be built mto the wall.

After the cable has been pulled through the polyvthene or earthenware duect, 3 seal 1=
made round it within the duct with a bitummeous mastic compound. Nommally this 1s
mmserted from the mside of the bwldng. The essenfial requrement 15 to make the seal
watertight; 1t will be readily understood that a seal which prevents water coming through
will also stop dut and small apmmals. In difficult cases one can make a metal plate to
overlap the earthenware duct with a hole m ot of 3 diameter to be a push fit on the cable.
The duct 1= filled wnth maste, the metal plate 15 pushed over the cable to cover the end of
the duct and 15 screwed back to the wall, and the edges of the plate are then pointed with
mastic. This construction gives an effective water seal.

Temporary imstallations

Temporary installations mmst be just as safe as permanent ones. There 15 therefore no
reason for departing from any of the prnciples of desizn and mstallation which are used
for permanent systems. The methods of cable sizing and schemes of dismbution which
are descnbed in the following chapters apply to temporary mstallabons as well as to
permanent ones. Lhe methods of mmstallng cables which we have diseussed mn thos
chapter are all designed to give adeguate szafety and can be used on any temporary

This book deals with design rather than installation, and methods of wimng have been
desenibed from this pomt of view. Standards relevant o this chapter are:

B531 Steel conduit and fttings

B5 731 Flexible steel conduit

B5 251 Earthing clamps

B5 4568 Steel conduit and fittings with metric threads
BS 4607 Mon-metallic conduit and fithings

BS 4678 Cable mmking

B5EM 604723 Chatside diameters of conduits

BS EM 500261 Conduits for electrical installations

IEE Wing Eegulations pariicularly apphecable to thus chapter are:
Chapter 52
ITEE Guidance Note 1
JEE Om-Site Guide

Read Wiring Notes in Page 42 Chapter 3



Chapter 4
Cable rating

An important part of anv electrical design 15 the determination of the size of cables. The
size of cable to be used mm a grven eircuit 15 governed by the current which the cwewt has
to camry, so the design problem i= fo decide the mize of cable needed to cany a known
current. Two separate factors have to be taken into account n assessing this, and the size
of cable chosen will depend on which factor wields the most suitable value 1 each
parbicular case.

A conductor cammyving a cwrrent 15 bound to have some losses due to ifs own resistance.
These losses appear as heat and will raice the temperature of the imsulabon. The current
the cable can carry 15 hoated by the temperature to whach it 15 safe to raise the insulaton.
Mow the temperature reached under continuous steady state conditions 15 that at which
the heat generated mn the conductor 15 equal to the heat lost from the outside of the
insulation. Heat loss from the surface 15 by radiation and conduction and depends on the
closeness of other cables and on how much covening or shielding there 15 between the
cable and the open atmosphers. Thus the heat loss and, therefore, the equlbibrmom
temperature reached depend: on how the cable 15 mnstalled; that 1= to say whether 1t 15 m
tunking, or condmt, on an exposed surface, how close to other cables, and so on. To
avold tedious caleulations, tables have been prepared and published (appendix to BS
T671) which list the mammum allowable carrent for each type and s1ze of cable.

The tables grve a current ranng for each type and size of cable for a particular method
of installatton and at a particular ambient temperature. For these basic condifions a cable
ommst be chosen the rated current of which 15 at least equal to the working cwrrent. For
other methods of mstallation and ambient temperatures the tables zive vanouws commection
factors. The fuse or cwewit breaker rating has to be divided by these to give a2 rated
current and a cable then selected such that its tabulated current 15 at least equal to thas
pommnal current.

Particular care has to be taken where cable 15 mun 1 2 thermally mnsulated space. With
inerezsing attenfion to thermal msulafion of walls this 1z hkely to become a more
frequently cccurmng situation, and BS 7671 now require a cable to be de-rated when 1t 1s
used 1n such a situation.
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where =tme n seconds m which protective device opens at a cwrrent of JA
k=a constant, given 1n the Fegulations for different cables

S=minimum cross-sectional area of conductor in the cable, mm

F=short cirewt cwrent, A

If necessary the cable size mst be mereased zbove that provizionally sslected from
the tables in order to satisfy this condifion.

Alternatrvely, the cable size can be retamred and a fuse or curcmit breaker wath a faster
operatng fime used.

The protection must also operate if the overcurrent 15 mot a short cowemt but a
comparatively small multiple of the working cwrent, an overload. HRC fuses and cirewt
breakers -:anlakeupmﬁuu:huuni to operate at 2 cwrent 1.5 fimes thewr rated cwrent The
cable temperature will nse durng this tme and the workmg cwrrent must allow a safety
margin to take account of this. The rating tzbles in BS 7671 mclude the necessary margin
for HEC fuses and cwewt breakers.

However, rewireable fuses (B5 3038) take longer to operafe and a larger margm 15
therefore necessary. The rating tables therefore include a factor by which cables must be
de-rated 1f rewmrezble fuses are going to be used to protect the cables.

2
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Figure 4.1 Device rating related to
design current

BS BB Fuse 40 deg. C

=

Design currant |b = 454

Figure 4.1 Effect of grouping cables

In other words a cable which wall camry 76924 15 acceptable, but the cable st be de-
rated to a factor of 0.63:
76.92=0.65=30
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We now need to check that the voltage drop in the 10mm® cable is within these limits.
Table 4D2B gives voltage drop in mullivelts per ampere per mefre. To calculate the
voltage drop, multply
m¥amp'metre B [b& Metres

1000
_AAXI6RDS 4 g6y

1000

Therefore, the minimum permissible size is 10mm®.

If the cirowt was protected by a rewireable fuse to BS 3036, the design of the corenit
would be shghtly different.

Feference method 1

Design cmrent Io=364. Nominal rating of the device In=4354

Cz=0.79, Ca=097, Ca=Cg=0.725=C, where C=combined factor to apply

C=0.79=0.97=0.725=0.555

minimum tabulated rating It=In/C 45/0.555=81A

Mow look at Table 40054, colummn 4, I+=85. Therefore, the munimum size with respect
to curTent caTying capacity is 16mm’

m¥amp'metre = Ib = Metres

1000
_28%36%25
© 1000

=23252V

Therefore, the minimum permissible size is 16mm® (10mm” with type-B MCB to BS EN
&0E898). Note that senm-enclosed fuses should be ngorously aveeded these davs. BS 7671
expresses a preference for cartndge-type fuses.
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where =time taken to reach the limit temperature

E=15 a factor taken from table 43A BS 7671

S=cross sectional area mn mom?

F=famlt current.

For example: a motor circuit 15 supplied by means of 4mm® thermoplastic 70°C PVC
copper cables, The protection device at the ongin of the cirowt 15 a 304 BS 88-2.1 fuze.
The prospective short corcmit current 1= 300A. The K value for thermoplaste 70°C PVC
copper cables 15 115, The tme for the cable to reach its limit temperature 1=

fom 115" x 4°
3007
=2735%

To take a typical BS 88 fuse, 300A, flowing through a 504 fuse would disconnect m
about 1.2, Therefore, the fuse would operate before the cable reached 1= limmut
temperature, the cable being protected agamst short cirewmt.

Because of the cable resistance, 10m along the mn the short-cirewt cwrent w1ll be
attenmated to 263A, giving a tume to reach the lhnut temperature of above 3s. The
dizconnecton time would, however, imerease to about 2,55, The cable 15 stll protected.

Mention should also be made of the cirewnt protective conductor. The funchon of thas
15 dezcribed m Chapter %, Under normzl conditions 1t camies no cwrent and 1t conducts
electnicity only when an earth fault ocowrs and, then, only for the short ime before the
protectrve device operates. BS 7671 gmres two alternative ways of determuning its size.
The first 15 by the use of the same formula as above, transposed to mzake 5 the subject of
the formula, as has been quoted above, for checking the short corowt rating of the hive
conduwctor., Alternmatively, the regulations give a table which relates the zize of the
protectrve conductor to the size of the phase conductor. The effect 15 that for corowts up
to 16mm’, the protective conductor minimum size must be equal to the line or phase
conductor, for 25mm’ and 35mm’® phase conductors, the protectrve condnctor must be at
least 16mm’, and for phase conductors over 35mm® the cross section of the protective
conduwctor must be at least half the cross sechion of the phase conductor.

BS5 7671 IEE Winng Fegulations particularly applicable to this chapter arae:

Seciion 521-7
Section 512
Section 523

Section 524



Section 525
Section 543
Appendix 3
Appendix 4

Read Cable rating in Chapter 4 Page 69

Chapter 5
Circuits

The final outlets of the electnical system 1m a bulding are hghting pomts, socket outlets
and fixed equipment. The winng to each of these comes from an excess current
protection device (fuse or coronit breaker) m a distribution board, but one fuse or CB can
zerve severzl outlets. If the cwremit suppliss cwrrent using equipment, winng from one fuse
ot CB 15 known as the final circmt, and all the outlets fod from the same fuse or CB are
on the same final circwat, The fuse or CB must be large enouzh to camry the largest steady
cwrent ever faken at any one instant by the whole of the equpment on that final coewmt.
Since the fuse or CB protects the cables, no cable formung part of the coeuit may have a
cwrrent canving capacity less than that of the fuse, unless the characternistics of the load or
supply are such that an overcwrent cannot occur. The size of both the fuse or CB and
cable 15, therefore, governed by the mumber and type of cutlets on the ciromt.

It 15 unwsuzl to have a fuse of more than 434 m a fimal distnbution board 1 domeste
premises, and the cables normally used for final cirewts are 1 5mm® 2 5mm’® and
E.Ummz: according to the nature of the ciremt. Lighting 15 almost invanably carmed out n
1.5mm” cable and power circuits to socket outlets in 2 Smm’. 6 lmm® and 10mm* cable
15 used for cirowmts to cookers, mstanfaneous water heaters, showers, and other large
cwrent-using equpment, such as machine tools m workshops. These sizes are so usual
that 1t 15 better for the designer to restrict the number of outlets on each final circmit to
keep within the capacity of these cables than to specify larger cables. If he does choose
the latter course there 15 a real danger that the site electician will mstall the cables he 1=
used to, instead of complving with the desizner’s specification. These considerations wall
not, of course, apply m a factory 1 which individual machines can take very heavy
cutrents.
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shown in Figure 5.3, but 1t 15 difficult to visualize a bmlding m which this scheme wonld
not require very nmch more cable than that of Figure 5.2

We have deseribed the way in which cutlets are comventonally grouped and aranged
in final cirewts. Each of these sub-cirewits 1= fed from a fuse on a distnbubtion or
fuseboard and the next step in desenbing a complete electrical system 15 to show from
where the distnbution board obtains its supply. This we shall do in the next chapter.

IEE Wirng Fegulations particularly applicable to thas chapter are:

Section 314
Section 463
Appendix 4
Chapter 6
Distribution
Elecinecity 1= supplhed to a bmlding by a supply authonty; ! JE this 15 an area

electricity company, while 1n other countries 1t may be an electmcity supply company or
public body. The supply 1= provided by a cable brought from outside info a swifable poimnt
in the bmlding which 15 referred to as the main mtake, and from this the electricity has to
be distnbuted to all cutlets whech use it. The incoming cable may be a 120 or 150mm”
PV msulated cable and the cwrent flowing along if must be dinided between a number
of smaller cables to be tzken fo the various final destinations throughout the bulding.
This drnsion 15 the fimction of the dismbuting system.
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Figure 6.2 Switch fuse (Courtesy of
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A switch fuse also meludes termmnals which enable the earth cables on the meoming
and ocutgoing sides to be connected together. Under no circumstances must there be a
break in this cwowt as if would destrov the safety of the system. The neufral cable on the
other hand can be taken through the switch fuse in one of tao ways.

The more usual way 15 for the switch to include terminals for connecting the meomang
and outgoing neutrals 1n the zame way as the earth cables. The altermative 15 for 1f o have
a switch blade mn the neutral lme as well as in the phase hnes, thus mazking it a 4-pole
device. In this case there 15 2 sobd Iink instead of a fuse m the nentral line.

A fose switch, lustrated m Figure 6.3, 15 similar to a switch fuse, but i thas case the
fuse camiers are mounted on the moving blades of the switch.

The whole of the cumrent going into the sub-main passes through the switch fuse which
cames no cwrent for any other part of the system.

The total mcoming curmrent must be drnded fo go to several swifch fuses, and the
simplest device for distmbutng cwrent from one iIncomung cable to a oumber of outgoing
ones 15 a busbar chamber. This consists of a number of copper bars held on insulating
spacers mside a steel caze. It 1= shown in Figure 6.4. Cables can be connected to the bars
anywhere by means of cable clamps which are usually bolted to the bars. The meonung
cable can be connected to the bars at one end or at some convement point along them.
Connecting the incoming cable to the centre of the busbar enables 3004

Brown Phasa Grery Fhasa

i

| s bt e Twvin Busbars
Epacaer

Figure 6.4 Busbars



Figure 6.5 Cubicle switchboard
(Courtesy of Eaton Electric Ltd)

Figure 6.6 Distribution board
(Courtesy of Eaton Electric Ltd)
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Circuits Serang Hating amps
1 Upstairs lizhts b
2 Diowmstairs lights b
3 Crarage and outside lizhits b
4 Upstairs ring maim 32
5 Dwmstairs fng main 32
] Immersion heater 15
7 Shower umit 45
3 Cooker 45
8 Spare -
(a)
Cireuits Sermang Hating amps
Lighis b
2 Fing main 32
E ] Cooker 32
4 Bathroom ventilation fan 10
] Clothes dryer 10
L Motorized valve on heating 10
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1.5mm” cable would run in the same conduit back from the meter into the distribution
board and through the side of the board mto the repeater cupboard. Here 1t would be
connected fo the repeater belonzing to the flat in question, and the repeater would
reproduce the reading on the meter.

Standards relevant to this chapter are:
B5 EN &0047-2 Specification for low voltage switchgear and controlgear

B5 EN 608473 Specification for low-voltage switchgear and controlgear

BS 54846 Low voltage switchgear and controlgear

B5 6121 Mechanical cable glands for elastomer and plastics msulated cables
B5 EN 50262 Meimic cable glands for elecimical installations

BS 6480 Impregnated paper msnlated cables for voltages up fo 330000

I[EE Winng Fegulations parficularhy apphcable to this chapter are:
Sechion 337

Read Page 86 Chapter 6 Distribution



Chapter 7
Lighting

Introducton

Illummation and the design of hghting layouts 15 a subject on 1tz own. There are books
dealing comprehensively with it and if 15 not proposed to condense the matter mto a
single chapter here, but once a hghfing lavout has been ammved at, it 15 necessary o
design the cirewrts, winng and protection for it; thus 15 an aspect of hghting desizn which
tends to be overlooked i books on himination and which we propose to discuss m ths
chapter. The electrical requirements of 2 ighting system depend to 2 considerable extent
on the kind of lamps wsed and we shall desenbe the different availzble types in twm.

It w1ll be noticed that the traditional Edison screw affords shghtly greater nisk of
accidental contact with the termuinal when one 1z putiing a bulb mnto

Figure 7.1 Lamp caps
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Thus 1 the fluorescent lamp the radiation emitted by the cument discharge through the
merciry vapour 15 absorbed by the fluorescent coating whach
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Figure 7.6 MBF lamp
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specified, 1t 15 mmportant to make sure that the cnes selected are surtable for the zone and
group appropriate to the area m which thev are to be fitted.
Standards relevant to thas chapter are:

BS 559 Elactric sipns and high voltage hnminons discharge tbe installations
B5 EM 60400 Lamp holders for tubular finerescent lamps and starter holders

B5 5266 Emergpancy lighting

B% EM 1838, BS 5266—7 Lightng applications; emergency lighting

B 5400 Exit sigms

B5 EM 605981 Lumninaires

B5 EM 61184 Bayonet lampholders

Read Page 103 Chapter 7 Lighting



Chapter 8
Power

The majonty of outletz to be used for power services are socket outletz of the types
desenibed m Chapter 1. The vanous wavs in which power cirouwits can be arranged have
been desemibed m Chapter 5. It 15 wsnally found that as soon as more than two or three
socket outlets are to be supplied, it 15 more economucal fo serve them from nng cirewts
than from radial ones. On nng cwewits, enly 134 BS 1363 socket outlets should be used
in order to ensure that the plug must be of the fused type and that the appliance and
flexable cable to 1t do not rely on the ring-cirewt fuse for protection. There 15 little more
one can add about socket outlets and it remains in this chapter to say something about
connecting fived apphiances and larger equipment.

Fixed appliances of small ratngs, by which we mean up to 3kW, can be served
through fuzed connection units from the nng mams serving the socket cutlets in the zame
area as the fixed apphance. A 3EW elaciic fire 15 one example of 2 fixed appliance which
might be supphed mn thaz way. If the socket outlets in the area are on radial rather than
rnng cweuits then each fixed apphance st have a separate radial cirewat of 1ts own. Itis
often convement to supply equpment such as motonzed valves on hot-water heating
systems, reof-mounted extractor fans mn kitchens, tubular heaters in tank rooms and so on
by a separate curet for each item or group of tems. There 15 nothmg wrong technically
with supplymmg them by 2 fused comnection umt from an adjacent general-puipose nng
main provided the permanent load thev put on the nng 15 tzken mto account 1n assessing
the mumber of socket outlets that can be permtted, but these items have a different
finction from the general-purpose socket outlets and it 1s logieal to serve them separately.
Separation by funchion can be an asset to maintenance; there should be no need to 150late
all the socket outlets in part of a bmlding when work has to be done to a toilet extractor
fan. On the other hand a separate circutt to one small plece of equpment may seem an
extravagance. Mo general mule can be made and the desigmer mmst decide each
application on 1ts parbicular corcumstances.

Equipment larger than 3 or 4kW must in any case have a cucwt for every mdividual
itemn. Thas applies to cockers, each of which mmst be connected through a cooker control
umit. One cooker control unit may control more than one apphiance 1f they are 1n the same
room. This would apply to a hob and separate oven. A cooker with four hot-plates, a grill
and an oven can take 35A when everything in 1f 15 swatched on, but rarely 15 if used 1n fhus
way. Consequently the IEE Guidance Mote 1 and the IEE On-Site Gumde suggest a
diversity factor to apply to domestic cooker ciremats. In restaurant and school kitchens the



cookers are hkely to be 1o full use for the greater part of the fime. Cooker control units
are generally rated at 434 and if they and the cockers are to be properly protected, the
circurt fuse mmst not be greater than 454, It follows that the circwit cannot serve anything
in addition fo the cooker confrol unit without being overloaded.

Other large equipment 15 hkely to consist of motors diving pumps and fans i plant
rooms and machine tools in workshops and factones. In the case of plant rooms each
machime 15 almost mvanably on a2 coremt of s own. Having more than one motor on a
circurt would make 1t necessary to use very heavy cable and would mn generzl be less
ecopomic than wsing a larger amount of smaller cable. It would also be extremely
inconventent to have several machines put out of action 1f one of them blows it fuse. This
15 particularly the case when one machine 15 mtended as a standby for another. Smmlarly
in factories 1t 15 usual to have each machine on a coromt of 1ts own. In small and medmm-
sized factories the most convemlent winng method 15 probably one using condwit and
trunking. In such places there 1= seldom any objecton to nstallmy condmt and tunking
on the swrface of walls, and this 1= cheaper than burving it m the fabne of the bulding. It
also makes 1t guite easy to alter the winng when new machines are mmstzalled or the factory
15 rearranged. For the same reason. 1f 15 also betfer to run the winng at gh level under
the cetling and drop to the machines than to mn 1t within the floor.

In large factones, a busbar syvstem 15 often used. Bare conductors enclosed 1o a casing
are 1un round the factory, preferably at hagh level either on the walls or under the ceiing.
A swatch fuse 15 connected to these conductors as close as pos=ible to each machine, and
the comnnection from the switch fuse 15 taken through condwmt or tunking to the machme.
Each machine 15 thus on 1ts own circwt, but no sub-mains other than the busbars are
peeded. The busbars mmst be protected by an adequate switch fuse at the mtake. It 15 sasy
to connect a new switch fuse at any point of the busbars and the electical nstallation 15
thus both convenient and flexible.

In small workshops, for example, metalwork and engmeering rooms in secondary
schools, the machines wsed may be small enough to make it practicable to serve a number
of them from one nng cirewrt. Each machine 15 connected to the nng through a fused
1selator or through a switch fuse. The fuse 15 necessary to protect the final connection to
the machme, which 15 necessanly of a lower rating than the nng main, and to protect the
internal winng of the machine that will alse be of smaller cable than the nng mam. The
cables of the mng main should be capable of carrymg at least 70 per cent of the total
current taken by all the machines, and 1t w1ll be found that thes very soon restncts the size
of workshop that can be treated 1n thes way.

It should be appreciated that everything that has been sa1d about power corewts applies
equally fo three-phaze and single-phase cwrewts. Where three-phase machmes are used
three or four cables, according o the system, phis an earth connection, are mstalled, and
diztibution boards, 1solators and cirewrt breakers are of the three phase-pattern, but the
general circult arrangements are the same as for smgle-phase coremts.

All mechamical equipment requires maintenance, and all machines and equipment
must, therefore, be installed m such a way that maintenance 15 possible. One of the things
that has to be done before maintenance work 15 started 15 the twmng off of the electricity
supply, and 1t must be possible to 1solate each machime or group of machines. It has been
known to happen that an eleciniclan has turmed off an 1solator in a switch room and gone
to work on 2 machine some way from that room, that someone else has come along later,



pot realized that anyone was workmg on the machine and has toned the 1solator em
agam. Mot only has this happened. 1t has caused deaths. Consequently, most safety
regulations, especially The Electricity Ar Work Regulations, now require that there should
be an isolator within reach of the machme, or 1= lockable—in any case the 1solation must
be secure. The immtention 1= that no one can attemnpt fo twm the supply on without the
person on the machme becoming aware of what 15 happening. For small machines, such
as roof extractor fans, connechng the machine to the winng through 2 socket and plug
pear the machine 1= a convement and satisfactory way of prowiding local 1solation. For
larger machines, a switch or isolator or disconmector az it 15 now koown has to be
mnstalled.

Read Page 128 Chapter 8 Power



Chapter 9
Protection

Introduction

It 15 2 tm=m that electricity 1= dangerous and can cause accidents, 1f not treated wnth
respect. A large part of any system design 15 concerned with ensuning that accidents wall
not happen, or that 1f thev do, ther effects will be hmited It might be reasonably argued
that these considerations are the most mportant part of 2 design engmesr’s task. In the
previous chapters, we have spoken about choice of accessones, selection of cables and
their correct sizing, the amangement of outlets on a mumber of zeparate cirewts and the
proper wavs of mstalling cables and we have pointed ouf the need for protecting cables
against mechamical damapge If these matters are given the care they dessrve, the
likelihood of faults on the electrical mstallation wall be small. Nevertheless, 1t 1= sall
pecessary to provide protecton agamst such faults as may happen.

The general pnnciple of protection 15 that a faulty cirewit should be cut off from the
supply and 1solated untl the fault can be found and repaired. The protective device must
detect that there 15 a fault and must then 1solate the part of the mstallation i which it has
detected the fault. One could perhaps suggest many theorstical ways of downg this, buf 1t
15 also necessary that the method adopted should bear a reasonable proportion to the cost
of the whole mstallation. Histoncally, the methods, which could be adopted at any tme,
depended on what devices could be economucally manufactured at that fime, but once a
meethod has been adopted it tends fo remain in use and mewer products do not completely
supersede 1t. Enthusiasts somefimes stress the advantages of a new 1dea whale forgetiing
that the older method had some favourable features which the new one does not match.
The result of developments 15 that at present there are several protective devices available
and except for BS 3036 Fuses (rewireable) there appear o be no overnding grounds for
preferming any one to the others,

The devices available restnct the type of protechion that can be given. A logcally 1deal
system of protection agamnst all possible faults cannot be made economically, and the
protection desigmed must mzke use of the egupment commercially availlable. Thiz can
lead people to argue from the available techmiques to the faults to be guarded against, and
in the process become so obsessed with the eaze of guarding against an 1mprobable fault
that thev forget the importance of protection agamst a2 more hkely one. It seems more
satisfactory to start by considenns the faults that may happen.



When an excessive mechanical load 15 imposed on an elechne motor it confinnes fo un
but draws a lagher than normal current from the supply. The coremit supplying the motor,
therefore, cames a2 hizgher current tham it has been designed for, and although it 15 not as
high as a short circwt cwrent, 1t can shill be lugh enough to be dangerous. A fault mn the
internal winng of a2 motor can also cause an electnical overload, although if it 15 senous
enough it 15 likely to amount to a short corewt.

A fault to earth occurs 1f through some defect the lne conductor becomes connected to
earthed metalwork. The effect 15 sumualar to a short cirewt, but whereas a short coremt wnll
not raise exposed metalwork, termed exposed conductive parts, above zero potential, an
earth fault will. We can see this by locking at Figure 9.1 which shows diagrammatically
an elecinic fire with an earthed metal case. Suppoze the fire becomes damaged and the
phase cable touches the casze at pomt A. A cwrent will flow through the case and cirewt
protective conductor fo earth at pomnt B, which would nommally be the earth at the
electricity distnibution company’s fransformer.

eI
Supply |
transformer | i 1

—L 1

_'I:I_ Earthed malaliic caso

*Bxposcd-conductive-parn”

Figure 9.1 Earth fanlt



How let

Use=Cpen circuit supply ransformer voltage

I=Fault cwrrent flowing

Zi=total impedance from line coomection of supply transformer through lme
conductor, fault and the cirewit protective conductor to earth conmechion at supply
transformer

Z=mmpedance of earth path from fault back to earth connechion

Z=Total mpedance of the fault curemt.

Then the cwrent flowing will be Uoe/Z;, and the veoltage drop between A and B wll
be IZ=UscZJ/Z;. Now ZJ/Z; 15 hikely to be of the order of 0.4 to 0.5, so that on a Use of
240W the metal case at A will be rased to about 100V,

We cannot explam how electncal cirewts in bwmldmes are protected agaimst sheort
circurts, overloads and earth faults without refermng to the vanous protectrve devices
which can be used. To make our account mtelhmible we propose first of all to desenbe
the devices available and then go on to diseuss how they are apphed 1n practice.

Fewirable fuzes

The sarhiest protective device consisted of a thin fuse cable held betwreen termumals m a
porcelain or bakehte holder. It 15 dlustrated in Figure 9.2, It 15 inserted in the cireuit being
protected and the size of fuse cable 15 matched to the rating of the cireunt. The fuse 1s
designed so that if the cwrent exceeds the rated current of the ciremt the fuse cable melis
and inferrupts the cirowt Although commeonly called rewirzble fuses, theiwr comrect name
15 semi-enclosed fuses, and 1t 1= by this name that they are referred to 1 Britizh Standard
3036 and in the JEE Regulations BS 7671,

~ Piastic backpicte

Fuss wire gripped

[—
!v*
M by screw in terminal

T,
3 ‘:'---’ use wi
5.;\{(__!_.,__ __ Fvae vire fresded

Figure 9.2 Rewirable fise
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The minimum fusing current 15 the mommum current at which a fuse will melt, that 1s
to sav the asymptotic value of the cwrent shown on the time-current charactenisties. The
current rating 15 the normal cwrent. It 15 the cwrent stated by the manufacturer as the
cwrrent which the fuse will cany contmuously without detenoration. It 15 also referred to
as current carrving capactty and other simalar terms. The fizing factor 15 the ratio

minimum fusing current

current rating

When a short cirewit ocours, the melhng process 15 adiabatic and the meling energy 1=
given by
Em .
W=|"i"Rdt

where
F=meltng energy
Fminstantanecus cwrrent
F=instantaneons resistance of that part of element which melts on short coreut
F=tme



m=meling fime.
R 15 assumed to vary m the same manner with 7 and ¢ for all short cirewts and the
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characteristics

15 approximately constant for the pre-arcing time of a fuse. It 1= often called the pre-
arcing Fr. It is this quantity which determines the amount of excess enersy passing
through the cirewt before the coewmt 15 broken and it 1s parbeularly mmportant m the
protection of semuconductor circnits and the reducton of overheating In power circuts.
Typical Fr characteristics are shown in Figure 9.5.

Osellograms of the operation of a fuse are shown in Figure 9.6.



—

G TE
ccaing ongie
it~ ol GUrrang o |

mn:

.,

i

1 h"T—|_|_‘:.-
=

Lorfank

—— roapssises cLrTesl
=

-:-:::-:WI
e

e

1T SO0 K

Vell aorois
FECOWRY wOa00s g

Hagh inmlemicneou
pidterms aianrbed by

lI-‘_,.u-""
T

i

Pow e Cadipiled in

i Tade Gerrentl

Ltk

aned
[rard matied B |
proge o ol Lo shis~—"] [

cdrsireiiony during | |

_nra.oreing [

et Lt
[irmit heeting of
COMRITEATS #1E ]

o

]
—'rF— Orciep e

Figure 9.6 Oscillograms of fuse
operation

Figure 9.7 Circuit breaker
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breaker, and the CB 15 reset by the same switch. CBs can, therefore, combme the
functions of switch and fuse, and in some cases this 15 a very useful and economic
procedure. In a factory or store, for example, one may want to confrol the hghts for a
large area from a bank of switches at a single pomt. If a distnbution board wath CBs 1=
placed at this point, 1t 15 possible to dispense with a separate bank of switches.

ECD

Another device frequently used 15 the residual cwrent device (RCD). Thas 15 a cireumt
breaker which detects a cwrrent leaking to earth and uses this leakage cwrent to operate
the frpping mechamism. The leakape cwrrent 15 a residual current and zives the device 1t
pame. It should be noted here that this device will not protect against short cremt and
overload. Fesidual cwrent devices which do incorporate overcwrent protechion are
referred to as RCBO=.
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Table 9.1 Fuse ratings for motor circuits

Type of starter Ohverload releaze rating-amps Fuszing rating amps
Drirect on 0612 5
10te20 10
151030 10
2040 15
30td0 20
5.6 t0 100 30
90t 150 40
130t 170 50
Star-delta 40170 15
4.0 to 100 20
90 te 170 30
1 6.0 te 26.0 40
220t 280 50

—— Starter Mofor
a b [ o

Figure 9 16 Motor protection



impedance of abc
impedance of abcdega

* line voltage

and depending on the relatrve mmpedances of the various parts of the earth fault loop
immpedance path. this could be anyvthing up to almost full lne voltage.
We refer vet again to Figure 9.12a. If we asswme that the impedance of the transformer
winding 1= neghmble, the value of the earth fault loop path Zs, 15 0.1+0.1+0.2+0_2=0_6£2.
I=UsclZy

where Upe 15 the open cirewt voltage of the transformer, the fault cumrent wronld be
I=240/06=400A

and the potenhal drop from 2 to e 15
Ua—c=IxZa—c
Uag—e=400=({0.1+0.1}=80V

The voltage of the exposed conductive part will be
240-80=160V above earth

If the faulted prece of equipment 15 touched by a person smmultanecusly with the central
beating radiator, the person would recerve a 160V shock.

Mow consider Figure #.12b, wath the main equipotential bonding n place. Assuming
the earth fault current remained the same as without bonding, the volts drop d-f would be

Ud—f=IZd—f

Ud—~=400:0 2=80V

The potenfial of the mam earthing terminal will be
Use—{Ua—c—Ud-1)
240—(80+B0=80V above earth potential
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the mam circuit and cuts off the supply to the apphance. It will be notced that ths
momtoring coeuit merely checks that the earth contmuty conductor 15 sound; it does not
add to the basic earth leakage protechion.

Earth electrodes

In normal earthing, the earth and the neutral are quite separate. The load curent flowing
through the neufral must cause a potential difference between the two ends of the neutral.
Since the end at the supply transformer 15 earthed, the end at the consumer’s service
terminal mmst mmevitably be at some potential above earth. It cannot, therefore. be used as
an earth point.
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Figure 923 Earth electrode resistance
test

accepted only 1if all three readings are substantially the same. If they are not, the test must
be repeated with 2 greater distance between X and Y.

Protective multiple earthing

Thss 1= 2n alternative method of earthing m which the neutral of the ncomme supply also
forms the earth retun path. In other words, mstead of the neutral and earth of the
incoming supply bemg separate, they are combined to form a TH-C-5 system (defimbons
in BS 7671 explamns the systems in use). The supply authority 1= required to maintain the
resistance between the neufral conductor and earth to 2 maxmum of 108 To do this the
supply authonty earth the supply neutral at vanous multple points, protectrve mulbple
earthang (PME).

The mstallation within the bmlding 15 camed out in exactly the same way as for any
other system, and separate earth contimuty conductors are used. The mam earthing
teromnal at the intake 15 not, however, connected to a separate earth return, but connected
to the neutral of the mcomuing service cable.

Becanse with this system the neutral 1= relied on as the earth, there must be no fuses,
cut-outs, circuit breakers or switches anyvwhere mm the neutrzl In the UE an area
electnicity company may not adopt PME without the permussion of the Secretary of State
for the Enviromment, and stingent requirements are made to ensure that the peutral
conductor 15 adequate to camry earth fault currents, that 1t 15 fruly kept at earth potential
and that 1t 15 protected against breaks in contmuity. The permission of Brifish Telecom 1
also required. This 15 because the currents into and through the ground at the pomts of
omiltple earthing could cause mterference to adjacent telephone and telegraph cables mn
the ground.
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Carridge finses for voltages up to and including 10000 a.c. and 1500% d.c
Specificaton for carridge fuse links for telecommunications and light
current applications

Cariridee fuses for a.c ciroults in domesiic and similsr premises

General purpose fuse links for domestic and similar parpeses (primarly for
use in phags)

Semi-enclosed elecimic foses (ratings up to 100A and 24007)

Safety 1solating Tansformers
Raszidual cwrent operated cinonit breakers

Switchzear and conmolzear up to 1RMW ac. and 12000 d.c.
Factory built assemblies of switchzear and controlgear
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Chapter 10
Fire alarms

Introducton

A fire alaym cwrowrt, as its pame mplies, sounds an alamm m the event of a fire. There can
be one or several alarms throughout a bwlding, and there can be several alarm points
which activate the warming. The alarm points can be operated manually or automateally;
in the latter case thev may be sensiove to heat, smoke or 1omization. There are clearly
many combinations possible, and we shall by m this chapter to give some systematic
account of the way they are bwlt up. The external corewbry 15 simlar whether the confrol
panel consists of electromic components or electromechamcal relays.

Circuits

The simplest scheme 15 shown mm Figure 10.1. Severzl alamm pomts are connected m
parallel, and whenever one of them 15 actnated the cwwewst 15 completed and the alarm
sounds. This 15 desenbed as an open cirewnt, and if will be seen that it 15 not fal-safe,
because 1f there 13 a failure of supply, the fire alarm cannot work. Another charactenishe
of this corewit 15 that every

~ Supply

D) e D

X XK

Figure 10.1 Fire alarm open circuit
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Wiring

The winng of a fire alarm installation follows exactly the same pnnciples as any other
wiring, but greater consideration has to be given to the protection of the cables and to
their ability to withstand fire damage. Cables used m fire alarm systems fall mnto tero
general categories. In group 1, cables are not requuired to operate after the fire has been
detected; m group 2, cables are required to operate after the fire has been detected. It 1s
obviously pecessary for a fire alarm to go on working for quute some time after a fire has
started. The wiomg of group 2 must, therefore, be entirely separate from any other winng.
In condmit or trunking systems, it should be segregated from all other services and mun m
condut or tunking of it own. It must be able to withstand hugh termperature, whach 1n
practice means that it 1s MICC to BS 6207 part 1, to BS 6387 categores AWH, SW3 A
or 5. (hher types of cable may be used if they are embedded n 12mm of plaster or
equivalent, protecting them from sigmaficant fire nsk for half-an-hour. In any casze, BS
5839 specifies a number of requirements on the cables used m fire-alarm cwewts. For
electromic systems the cable mav need to be a coamal or screened type, and the
mapufacturer’s requirements mmst be checked to ascertan thas. The supply to the fire
alarm mst also be separate from any other supply, and thas at the very least means that 1t
mnst be fed from 1= own circuwit breaker or switch at the maim service entry mto the
bmlding. Some authonties go further and think that the fire-alarm svstem should be at



extra low voltage, and to satsfy thes requirement fire alarm equipment 15 made for 24V
ac and 12, 24 or 48V de. operation as well as for mains voltage operation. BS 3839
requires that a nsk formal assessment forms the basis of design.

A system working on 24V ae. has to be fed from a transformer. The primary of the
transformer 15 fed from its own curemt breaker or switch at the mam service entryv. De.
svstems are fed from battenes of the accuwmulator type, whaich are kept charged by a
charger umit connected to the mains. As the battery will operate the system for a
considerable penod before losing all 1ts charge, this method provides a fire alarm which
15 mdependent not only of the mams within the bulding, but also of all electrical services
mmte the bwmlding. For this reason, some factory inspectors and fore-peventon officers
mm=1st that a battery system be uwsed However, when the svstem voltage 1= low the
currents required to operate the equipment are higher and the voltaze drops which can be
tolerated are much smaller. We can see this by reflecing that a3 motor wound for 240W
will work without noticeable diminuton of speed or performance if the voltage at s
termunals drops by 6V to 234V, which 1= a reduction of 21.5 per cent, whereas a 24V bell
mazy not sound at all if 2 potential of 18V 15 apphed to it. In this casze a drop of 6V in the
line 15 a reduction of 25 per cent. At the same fime for a given sound output a 24V bell
peeds fen imes the current that a 240V bell doas.

Thus voltage drop becomes a very senous factor m the designm of any extra-low
voltage system. The eguipment to be used mmst be carefully checked to see what voltage
drop 1t can accept and the cables sized to keep the drops very low. This usually resulis mn
large cables having to be used. There 15 a great deal to be smid for obwviating these
difficulties as far as possible by not usmng systems at less than 48V, Electronic systems
operate with much smaller currents so that for most of the svstem. voltage drop 1s not a
entfical consideration. But the bells or homs still require appreciable power and voltage
drop should not be overlocked, parheularly m diseussion with electronies specialists who
are not normally concemed with it.

In the author’s opinion, there 15 very little to be said for a 24V transformer system . It
has zll the voltage drop problems of a d.e. svstem without the independence of the
meoming service that battenes give. In other words it appears to have the disadvantages
of both mains and battery systems without the advantage of either.

The cwrent camrving capacity of each component has to be taken mto account in the
design and lavout of the mstallaton. It mawv happen, for example, that the total cirent of
all the alarm migmals sounding together exceeds the cwmrent which can be taken by the
contacts of the alarm mibating points. The closed cirewt of the tyvpe shown n Figure 10.2
overcomes this problem because the current to the alarm bells does not go through the
mutiating points. This 1= a considerable advantage of the closed system. and can be a
decidimg factor in choosing 1t 1n preference to the open svstem. Even with closed systems,
however, the total cumrent of the alarm signzls mav exceed the capacity of the contacts in
the indicator panel. If this happens, a further relav must be mterposed between the
indicator and the alarm signals.



Fire-alarm points

A tyvpical mamuzlly operated fire-zlarm point 15 shown m Figure 10.6. It 15 contamed 1n a
robust red plastic case with a glass cover. The matenal 15 chosen for its fire-resisting
properiies. The caze has knock-outs for conduit enfres at top and bottony but the material
can be sufficiently easily cut for the site electncian fo make an enfry m the back if
needed. Alternative terminals are provided for coromts in which the contacts have to close
when the glazs 1= smashed {3z m Figure 10.1) and for cirewits m which the contacts have
to open when the glass 15 smashed (as in Figure 10.2). In the former case, there 15 a fest
switch which can be reached when the whole front 15 opened with an Allen Eey. In the
latter case, the test push 15 cmutted because the coreuit 15 o any case of the fail-safe type.

The alarm pomt illustrated 15 smtable for surface mountmg. Similar ones are available
for flush fixing and m weatherproof versions. The cwmrent cammyving capacity of the
contacts should always be checked with the maker’s catalogue.

Automatic detectors can respond to heat, smoke or 1onization. and m the first case they
can respond either at a fixed temperature or fo a given rate of nse m temperature. A
thermally operated detector for use with power-tvpe systems 15 shown 1o Figure 10.7. It
consists of a bi-metal stmp which deflects

BEREAK GLASS

ey
“AEBS HERE

4]

Figure 10.6 Fire alarm point (Courtesy
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Figure 10.7 Heat detector (Courtesy of
Gent & Co. Ltd)



Figure 10.8 Automatic fire detectors
(Courtesy of Gent & Co. Ltd)

Horns

A hom 15 an alternative to both bell and siren. and because of its penetrating, raucous
note 1t 15 particularly suitable where a distinctive sound 15 needed. Its volume 15 easily
adjustable and its power consumption 15 intermediate between that of a bell and that of a
siren.

The manufacturers of fire-alarm equipment also provide standard indicators. relays
and reset units for use wath the various circwits which we have deseribed in this chapter.
Typical indicators for use with power systems are illustrated m Figure 10.9. The
appropnate indicator light 15 1lluminated or

Figure 10.9 Fire alarm indicators
(Courtesy of Gent & Co. Ltd)



BS 2740

B5EN
5a-1

BS EM
54-2

BSEN
544

BS 5446

1

BS 5838

B5 6387

BS 5004

BS 5007

BS 6346

BS 5467

B5 2316

Simple smeke alanms and alamm metering devices
Fire detaction and fire-alanm systems; inwoducton

Fire detection and fire-alamm systems; contol and indicating equipment

Fie detection and fire-alammn systems; power supply equipment

Fire detection and fire-alarmm devices for dwellings; spec. for smoke heat alarms

Fire detection and alarm systems in buildings CoP for system design, installaton,
commissioning and maintsnance

Specification for performance requitements for cables required to maintin circonit
mfegrity under fre conditions

Elecimic cables; single-core unsheathed heat-resisting cables for voltages up to and
inchoding 450/750W, for infernal winng

Elecimc cables; single-core unsheathed heat-resisting cables for voltages up to and
inchnding 4500750W, fior infernal winng

Specification for GO0 00Y and 190033000 ammoured alectric cables having PVC
msulation

SpeciScation for G000 and 19003300V ammowured electric cables having
thermosetting insulation

Specification for radio-frequency cables; zeneral requirements and tests; British
Government Services Iequirements

IEE Winng Fegulations particularly appheable to this chapter are:

Part 4
Section 531
Section 533
Section 537
Chapter 4
Appendix 3

Read Page 164 Fire Alarms



Chapter 11
Call and computer systems, telephone and
public address systems

Introducton

In many bmldings, 1t 15 necessary to have a system of calling staff who are on duty m an
office or staff room to go to rooms elsewhere in the building. This happens, for example,
in hotels, hospitals and retiremsent homes. In the case of hospitals, patients wish to call a
nurse who 15 in the ward office to thewr own beds, and m hotels guests may wish to ecall
staff to their rooms. In retirement homes, a resident may wish to summon erther domeste
or oursing staff. All such systems can be amanged electncally and form part of the
electrical services m a bmlding.

Hospital call systems

In hospatals, it 15 desirable for each patient to be able to call a nurse to his'her bed. Figure
11.1 15 a winng diagram of a simple cirewit for achieving this. There 15 a call unt at each
bed which contams a push button, a relay and an i1lluminated reset lamp push. When the
patient pushes the button, the relay 15 energized and holds mself mn until 1t 15 released by
the reset lamp push. While the relay 15 energized, a lamp 15 illuminated; 1t can be erther
next to the patient’s bed or over the door of the room. At the same fime, 2 buzzer and
light are operated in the ward office or wherever else the nurse 15 to be called from. The
buzzer can be silenced by a mufing swatch, but the light can only be cancelled by the
resetting push on the patient’s umit. Secondary or pilot lamps and buzzers can be placed
elsewhere so that a3 murse’s attention can be attracted in more than one place or so that a
nurse can supervise the activity of hus'her staff.

When the call 15 made, the duty murse has no indication from where if 15 comung and
mst, therefore, walk around all the places on the system unfil s'he sees the ndividual
lamp which has been luminated. The system 15 therefore lmmted to small areas. An
extended version which doss not have such a2 hmitation 15 shown 1o Figure 112, A c3ll
umif 15 provided at each bed and also m each toalet; the towlet unit differs from the bed umit
bv bemg
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Figure 11.3 Call system with speech
facility

Figure 11.4 Alarm indicator (Courtesy
of Gent & Co. Ltd)



Figure 11.5 Indicator lamp (Courtesy
of Edison Telecom Ltd)

Figure 11.6 Call button (Courtesy of
Edison Telecom Ltd)



Figure 11.7 Call unit (Courtesy of
Edison Telecom Ltd)

Figure 11.8 Bedhead trunking
(Courtesy of Cableflow Ltd)
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Figure 11.9 Door sign



Telephone systems

The design of telephone systems 15 beyond the scope of this book, but we must consider
the provizion that has to be made for them within a bulding. In many cases all that 15
needed 15 a route by which the pubbe telephone service, which mm the UK 1z Bninizh
Telecom, can bnng a telephone cable fo an mstrument. Brtsh Telecom telephones are
operated by battenes at the telephone exchanges and need no source of power within the
buildings they serve. Telephone cable 1= quite small and if the posibion of the outlat for
the telephone recerver 15 known 1f 15 sufficient to mstzll a 20mm condmit from outside the
building to the outlet, with the same mumber and spacing of draw-1n points as are used for
any other conduit svstem. It 15 usual for the electncal mstaller to fix the conduit and leave
draw cable o 1t, which the telephone engineers subsequently use for pulling their cable m
after the bwldmg 1= fimshed and occcupied.



Public addrezs syztems

Public address and loudspeaker systems are somewhat siomlar to telephones. The details
of the equpment to be used can be settled only with manufacturers” catalogues and by
dizeussion with the manufacturers. Once the equpment and itz location have been
selected, provision must be made for minming cables from the annowncmg stabon fo the
loudspeakers. Because these cables are hkely to be put n after all other bumlding work 15
fimished a condwmt system 15 the almost inevitable choice. Londspeaker cables are like
telephone cables 1n that they are small and do not have an cuter sheath; this alzo makes it
difficult to find any altermative to puthing them mside conduit.

Clozed-cirenit televizion systems

There 15 no real techmical difference between the pictures we see at home on television,
and those delivered by a CCTV camera and monitor. The real difference 15 in the cost of
the equipment. Therefore we cannot expect to have the same quabty of picture from
equpment bought for the sums of money a chent 1= prepared to spend, compared with
broadcastng company equipnuent.

Clozed-ciremit televizion 1= used In many circumstances, meludmg swvedllance of
vehicular, and people traffic, enfermg and leaving a premmses. The CCTV standard 1=
phase alternate hne (PAL), also used i normal TV transmissions m Ewrope with the
exception of France, who use PAL only for CCTV.

The tvpical types of cable are: (a) coamal, which 1= unbalanced meanming that the
signal 15 a voltage with reference to ground The video signal 1= between 0.3 to 1.0V
above ground; (b) twisted par balanced, meaning that the video signal has been
converted for transmmssion along a medmm other than coamxal The mignal level 15 the
voltage difference between each conductor; (2} fibre optics, which are mmune fo outside
imterference and signals without needing amplification.

External mmterference 15 picked up en route by all tvpes of cable, wath the exception of
fibre optices. Unless suitably screened. power and signal cables should be kept well apart.
The longer the length of cables, the preater the losses. Unlike fibre eables, copper cables
will have a voltage drop over the length resulting m a lower signal level at the recemving
end than that proceszed by the camera. Provision of cable rouwtes for CCTV 15 sinwlar to
that discussed in telephone systems.

Computer systems

Computer networks are uzed extensively in orgamisations to wiilise the storage space of a
zarver. To connect the workstatons to the server, a network 15 used. The petwork winng
provides a transmission path between the workstations and the server. Copper cable can
meet most demands at a relatively low cost. The data is transoatted 1 the form of low-
voltage elecmical signals, which are unfortunately subject to mterference. '

Standards relevant to thas chapter are:
B5 EN 301347 Social alarm systems

B5 5830 Fire detection and alarm systems in buildmgs

BS 6259 Code of practice for sound svsiems

B5 EN 50132—7 Alamm systems; CCTV surveillance systems for use in seoarity applications
BS 8220 Guide for security of buildings against crime

B5 7671 Section 607

Read Page 175 Chapter 11 Call, Computer, Phone, Public Address Systems



Chapter 12
Reduced-voltage systems

The use of extrz-low-voltage wmng for fire alarms and call systems has been discussed
in the previous two chapters. Cther applhications occur in laboratones, where permanenthy
installed reduced-voltage outlets are reguired for vanous expenments. Permanent outlets
are easier for the staff than the use of accumulator batteries which have to be camed from
preparation room stores and set up on the laboratory benches for each expenment.
Feduced-voltage supplies are also needed for microscopes which have a bwlt-in hght for
luminzting the shde.

It would be poszible to take the secondary of the transformer to a reduced-veltzge
distnbufion board and split there to several reduced-voltage circwits. The cable from the
transformer to the distmbution board would, however, be very large to take the necessary
current, and if 15 better to use a separate transformer for each secondary coremt. The KWVA
rating required 15 calculated from the secondary voltage and fotal oufput power needed.
As usual in this kind of design 1f 15 adwvisable to allow ample spare capacity so that the
transformer rating should be somewhat above the caleulated requirement.

The voltage on the primary of the transformer 15 known, being the ordinary mains
supply voltage m the bmldmg, and this defermuines the transformer rafic. The ratio
determines the pnmary cwrrent and thus provides all the informatnon necessary to design
the mams cuwewmt feeding the transformer. A fuse can, if deswed, be provided on the
secondary of the fransformer, but an overload on the secondary would draw an overload
on the primary so that the fuse 1n the supply to the fransformer wall also protect the
secondary. This will not, however, be the case if the primary has been oversized while the
secondary has not. The exact cammyng capacifies of the pnmary and secondary sides
should be carefully compared before the fusing amrangements are finally decided on.



Figure 12.1 Reduced-voltage unit

Intrinsically zafe circuits

Equipment for hazardous areas 15 discussed 1 Chapter 1. One techmigue 1o areas where
there 1z a nsk of fire 15 the use of intnn=sically safe circmts. The pnnciple of these 15 that
the energy of any spark which ocowrs shall be hmited so that i 15 not sufficient to 1gmite
the vapour. This i= achieved by using reduced voltages and equipment which does not
take high cwrents at these voltages. The power m the cirewt 15 thus low and there 15 not
enough energyv available to mitiate combustion.

Mot all equipment can be designed on this basis, but it 15 often possible to have
intnnsically safe ciremts within a hazardouws area operating relavs which control normal
eguipment outside the danger zone. This may be cheaper than mstalling flameproof

Standards relevant to this chapter are:

BS 1239 Intnnsically safe electneal apparatus and cireurfs

IEE Wumg Regulations particularly apphcable to this chapter are:

Section 411

Feguladon 353-3

Read Page 185 Chapter 12 Reduced voltage system



Table 131 Frequency bands

Designarion Abbreviation Freguency range
Low frequency LF 30kHz-300kHz
Medium frequency MF 300mHz-3MHz

High frequancy HF IMHz-300Hz

Very high frequency VHF 30MEz-300MHz
Ultra high frequency UHF 300MHE=-3000MHz
Super high fraquancy SHF 3000MHz-30000MHz

Table 132 Broadeasting services

Ramge Band  Channel mumbers Freguency Service
LF - - 150-285kHz AM sound long wave
MF - - 535-1605kHz AM sound medinm wave
HF - - 2326 1MHz AM sound short wave
VHF I 1-5 41-68MH=z TV Band I

il - 27.5-100MHz  FM sound (VEF)

m G-13 175-215MHz TV band ID
UHF IV 11-34 470-582MH=z TV band TV

W 3043 G14-B534MHz TV band W

Aerials

If an em f 15 placed m the centre of a short cable (Figure 13.1), the two halves of the
cable act as capacitor plates, one becoming positrvely charged and the other negatively.
Each charge produces an electric field. Suppose now that the e m f 15 alternatng; there 1=
then an alternafting charging cwrent m the cable. When the cwrent 15 3 maxmmum the
positive and negative charges occupy the same place and produce equal and opposite
fields. When the cwrent 15 zero the posifive and negative charges are at opposite ends of
the cable and produce a resultant electnic field Thus there 15 an electne field which
alternates with the charging current i the cable.

The cwrrent alse produces a magnetic field which spreads out from the cable with the
velocity of hght. The motion of this magnetic field mduces a further electric field.

Mow the oscillatng chargpes in the cable have not only a velocity, but alse an
acceleration. Thiz acceleration is propagated outwards m the electnc field at a finite
velocity and, therefore, the field further out is moving with a lower velocity than that
closer in. Since the charges oscillate the acceleration 15 alternately forward and backward,
and the result 15 that the complete field radiated forms closed loops which travel cut from
the cable and expand (Figure 13.2). It can be shown that this radiated field 15 appreciable
only if the length of the eable 15 of the same order as the wavelength.

et

Figure 13.1 Principle of dipole
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Figure 13.8 Twin arrays

P
L{}gm[i J 10 mgm[F | decibels
r T

The decibel 15 comvement because of the very large losses and amplhifications encountered
in communications engineenns; for example, if an amphfier has an cutput 1000 foes
the input 1t 15 more convement to sav that 15 has a gam of 4045, Since the gain, or loss, 1o
decibels 1= a raftio, the mput level should also be stated.

Power ratios are proportional to the square of the voltage or current ratios. Therefora:

P V, !
ing]t][F:] Elﬂgm[!ﬁ,] Elag,,,[ r]

Thus when mezsurements are made 1 volts or amp*' the loss 1=
2 log, | = LS dB or lo Em dB
Vi I
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transmission lines
Let

I=cwment at sending end
T=cwrent one kilometre down line
iL =,c_y

Then js where y=propagation constant per kilometre of line_

¥ 15 2 complex guantity so that I} 15 both less than I, and also different i phase. In
general,

I=Ie™ where I.=cumrent n kilomefres along the line.

Simalarly, E =F &

v 15 a complex guantity which can be wmtten y=o+B where o 1z the attenmation
constant and p 1s the phase constant.

The four quanfities:

Z =characteriztic impedance

y=propagation constant

o=attenmation constant

f=phaze constant

are charactenstic of the particular cable being used. Thev are known as the secondary
line constants and can be caleulated theorefically from the four pnmary line constants
which are

R=resistance per kilometre (chms)

G=leakage per kilomestre (mhaos)

L=mnductance per kilometre (henries)

C=capacitance per kilometre (farads)

Whilst the primary constants are independent of frequency the secondary constants m
general vary with frequency.
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box 1n the wall of each house from which a short stub asnal cable ran in condwit to the

outlet in the living room. The longest cable on this scheme served only 13 dwellings and

it was therefore pozzible fo avold the use of repeater amplifiers altogether. On a small

scheme 1t 15 better to have a sphtter at the masthead with several distnbuting cables than

to run a single cable round the whele site with several repeater amplifiers along it
Standards relevant to this chapter are:

BS Fadio frequency comneciors

3041

BS Ciode of practice for the design planming, mstallation testing and maintenance of sound
G259 Fystems

BS Code of practice for reception of sound and televizion broadcasting

4330

Read Page 188 Communal and closed TV system



Chapter 14
Lightning protection

Lighting sirokes can be of two kinds. In the first, a charged cloud mduces a charge of
opposite sizn m nearby tall objects, such as towers, chiwmmeys and trees. The electrostatic
stresz at the upper ends of these objectz 15 sufficiently great to 1omize the awr m the
mnmedizte neighbourhood, which lowers the resistance of the path between the clond and
the object. Ulimately, the resistance 15 lowered sufficiently for a dismiptive discharge to
ocour between them. This type of discharge 15 charactenzed by the fime taken to produce
it, and b the fact that 1t wsmally sinkes against the hishest and most pointed object m the
area.

The second kind of stroke 15 a discharge which ocours suddenky when a potential
difference between a cloud and the earth iz establizhed almost mstantly. It 15 generally
mduced by a previous stroke of the first kind; thus if a stroke of thas kind takes place
between clowds 1 and 2 (Figure 14.1), cloud 3 mav be suddenly left with a greater
potental gradient mmmediately adjacent to it than the air can withstand, and a stoke to
sarth suddenly occurs. Thas type of stroke occws suddenly and 15 not necessanly dorected
to tall sharp objects hke the first kind of stroke. It may muss tall objects and smke the
zround nearbv. Figure 14.2 shows other ways m which this. kind of stroke may be
mduced. In each case, A 15 a stroke of the first kind and B 15 the second type of stroke
mduced by A In each case the first stroke from clond | changes the potential gradient at
cloud 2 and thus produces the second stroke.

The cwrent m a discharge 15 um-directional and consists of mpulzes with very steep
wave fronts. The squivalent frequency of these mmpulses vanes from 10kHz to 100kHz.
While some hghtning dizcharges consist of 2 single stroke, others consist of a senes of
strokes following each other along the same path m rapid suecession. The current in a
zingle stroke can wvary from about 20004 to a2 maxmimnm of about 2000004, with a
statistical average of 200004 It nses to a peak value m a2 few microzeconds. When a
dizcharge consists of several succeszrve strokes, each stroke nsesz and falls m a tme and
to an amphitude of this order so that the whole discharge can last up to a second.

Co=€)

RS R

Figure 14.1 Induced lightning stroke



Figure 14.3 Protected zone
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horizontal conductor

VWhether or not 2 building needs protechon aganst hghimng 15 2 matter of judgement It
obviously depends on the nsk of a2 hghimng stroke and alzo on the consequence of a
stroke. Thus a hugher nsk of a stnke can probably be zccepted for an 1zolated small
bungalow than for, sav, a children’s hospatal While no exact rules can be lard down that
would eliminate the designer’s judzement entively, some steps can be taken to chjechfy
the assessment of nsk and of the mapmifude of the consequences. The method
recommended i BS 6651:1999 15 to deternmine the probable number of stnkes per year,
apply a weighfing factor to this, and see if the result 15 more or less than an acceptable
level of nsk. The weighting factor 15 the product of mdnnidual factors which tzke into
account the use of the stmcture, the tvpe of constuction, the consequential effects of a
strike, the depree of 1so0lation and the tvpe of country.

The probable number of strikes 15 grven by

P=dA <Ny 107"

where

P=probable mumber of stnkes per vear

A =area protected by conductor, m’

N=lighming flash densify, 1.e. the number of flashes to ground per km’ per year.

A map showing values of N for different parts of the UK 15 shown in Figure 14.5.
This and other extracts from BS 6631 are reproduced here by permission of the Britsh



Table 141 Need for lightming protection

Weighting factor Factar
A Use of struchire
Houses and similar boildings 0.3
Houses and similar buildings with outside aerial 0.7
Factories, workshops, laboratores 1.0
Oiffices, botals, blocks of flars 12

Places of assambly, churches, halls, theatres, munsewns, deparmment stores, post offices, 13
statons, ainporis, stadinms

Schools, hospitals, children’s and other homes 1.7
B Type gf consiruciion
Steal framed encased with non-metal roof 0.2
Peinforced concrete with non-metal roof 04
Steel framed encased or reinforced concrete with metal roof 0.8
Brick, plain concrefe, or masonry with non-metal roof 1.0
Timber framed or clad with roof other than metal or thatch 14
Brick, plain concrete masonry, tmber framed with metal rood 1.7
Any building with a thatched roof 2.0

O Confeniz or gifeciz
Conrenis or pe af building

Ordinary domestic or office building, factories and workshops not confaining valusble 0.3
materials

Industrizl and agricultaral buildings with spectally susceptible conteats 0.8
Powear stations, gas installations, telephons exchangss, radio stagons 1.0
Indusirizl key plants, ancient momanents, historic buldings, mmseums, an galleries 13
Schools, hospitals, children®s and other homes, places of assembly 1.7

¥ Dwsree gf zolation

Struchare in a large area of stuchares or rees of same height or greater height, ez 0.4
town or forest

Stmmciure in ares with few other stuchares or wees of similar height 1.0
Stmucture completely isolated or twice the beizht of sumeunding stmachres of fTees 2.0

E Tpe gf couniry

Flat conniry at amy level 03
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Table 14.2 Lightmng conductors
Compenents Mirrinium
dimenzions

Air terminanons bt
Alumininm and copper stmip 20=3
Alumininm  ahoninivm alley, copper and phosphor bronze rods 1 dizm.
Stranded aluminiom condwctors 180250
Stranded copper conductors 18/1.80
Digwn conduclors
Alumininm and copper strip 20=3
Alumininm ahominivm alloy and copper rods 1{ diam.

Earth terminaiions



M, =0.46 log,, >
.

L4

where

M =transfer inductance, uH m™

S=distance between centre of down conductor and centre of nearest verfical metal
component, m

r.=equivalent radin: of down conductor, m.

For a circular down conductor r, 15 the actual radms. For the more wsual case of a
rectangular stnp down conductor,

W=
"33
where
w=width, m
i=thickness, m.

The mductive veltage 1= propertional to the rate of change of cwrent, and for design
pwrposes this mmst be taken as the maximum likely to occur, which is 200kA 7. The
voltage 15 therefore caleulated from the formula

v, =200 M
ft

where
Fi=mductve voltage, kW
i=length of mductive loop, m
M =transfer inductance pH m™
rm=number of down conductors.
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Chapter 15
Emergency supplies

Introduction

There are rare occasions when the public electnicity supply fails and a bulding 15 lefi
without electneity. In some buldings, the nsk of being totally wnthout electnerty cannot
be taken, and some provision must be made for an alternative supply to be used m an
emergency. what form this provision should tzke 15 an economic matter which depends
on the magmitude of the nsk of failure and the serousness of the consequences of failure.
In this chapter, we shall zav something about the available methods of providing an
alternative supply.

Standby service cable

The Electnerty Supply Authonty can be asked to bring two separate service cables into
the bulding. They will normally make a charge for thas, but it provides secunty agamst a
fault in one of the cables. It does not, of cowrse, give secunity agamst a failure of the
public supply altogether.

In heavily balt up areas. such as London and other larze cities, the public distnbution
system 15 10 the form of a network and each disimbution cable 1o the streets 15 fod from a
sub-station at each end. The supply system itself thus contans its own standby provision.
The only additton the bwlding developer can make 15 to duphicate the short length of
cable from the distnbutor 1n the road info the bwlding, and it may be doubted whether the
nzk of thas cable failling 15 sufficiently great to justify the cost of duplicating 1t. In mral
areas the service cable to individual bulddings mav be quite long, and may take the form
of an overhead line rather than an underground cable. The nsk of damage 15 thus greater
than in wrban areas and there 15 much more reason for installing a duplicate cable.

Battery systems
Central battery and indmadual battery systems have been discussed in Chapter 7 as means

of providing emergency hghting. A central battery system can also provide d.c. power.
An alternative 15 for the battery to feed a thyristor mnverter which then gives ac. power.



Standby generators

A diesel or gas fwrbine generator sef can be mstalled 1n a bumlding to provide electicity
when the public supply fails. Thi= 15 a complete form of protection against all poszible
mnterruphions of the mam supplyv. The generator can be large enough to supply all the
needs of the bmldng and 1ts output can be connected to the ordinary mains mmediately
after the supply authority’s meters and 1t then provides standby faclines for the entire
bmlding. It 15 cheaper, and may be adequate for the sk to be guarded against, to have a
smaller generztor serving only the more mmportant cutlets. In this casze, the dismbubon
st be arranged so that these outlets can be switched from main to emergency supply at
one pomt and so that there 15 no unmintentional path from the emergency generator to
outlets not meant to be served by if. In effect the building 1= divided at the maim mtake
into two distnbubon systems and only one of them 15 connected to the emergency
changeover switch. It 1= also possible to nstall a completely separate system of winng
from the emergency generator to outlets quute distinet from the normal ones. This may be
the simplest thing to do 1o a small building or when the emergency supply 1= required to
serve only one or two outlets. It has the disadvantage that mdmidual preces of equupment
bave to be disconnected from one outlet and reconnected to another. Whalst this may not
be acceptable mn a hospatal 1t mav be quite in order m a large residence or hostel to have
one or two emergency power polnts mto which vacuum cleaners and other domeshce
equipment can be plugzed when the mam power supply 15 Inferrupted.

Builldings m which standby generators have been imstalled imchide poultry farms,
chemical process plants, hospitals, telephone exchanges computer rooms and pnsons.

An emergency generator can be started erther manually or automatcally. A manual
start 15 simple, but it mvolves a delay duning which the bmlding 15 without power. Thas
delay can be avoided by automatic startng, mmfiated by 2 sensing uwmt which detects a
drop in the mams voltage. Figure 151 shows the cirewt of a typical mains fartlure control
panel.
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Figure 15.1 Automatic starting circuit



Uninterruptible power supphies

The requirements of computers have led to the development of wnmtermuphble power
supply units, generally referred to as UPS. In essence they

Consurnption (kKVA)

m b
o .
=00 600 12.00 &.00 200
Time during day
Figure 15.3 Load diagram
A.C.input Rectifier Inverter Durpur
Baltery
Figure 15.4 Scheme of UPS unit
UES cukpul
Changeover
swikch
Standby
Marfis supply genaralor

Figure 155 Standby system
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Chapter 16
Lifts, escalators and paternosters

Introduction

The zeneral design of lifts 15 very well established, and in thas counfry at least, nearly all
the reputable hff mamufacturers will design and supply a satisfactory Lift as a matter of
routine 1f grven the details and the size of building. Mevertheless, the desigmer of the
building electneal services must be able to advise the client about the lifts, to negotiate
with the hiff supphiers and to compare competing tenders. The desizner mmst, therefore,
know somethmg about the techmcal details of Lifis and we shall accordingly devote thas
chapter to a brief outline of the subject.

First, we can note that there are three categones of hfts. Passenger Lifts are designed
primarily for passenger use; goods lifts are mainky for goods but can on occasion carmy
passengers; and service Lifis are for goods only and are of such a size that passengers
cannot enfer info the car. Lift speeds are determumed by the mumber of floors served and
the quality of service required. They vary from 0.5ms"" to 10ms™" in high office blocks.

In deciding the size of car one can allow 0.2m’ for each passenger. and when
determumng the load the averaze weight of 2 passenzer can be taken as 73kg. It must,
bowever, be remembered that 1n manv buildings the lift will be used for moving 1n
furmiture znd the car must be big enough for the bulkiest prece of furmture hikely to be
needed. The author has made measurements of domeste fumiture and has concluded that
the most awkward itemn to manoeuvre 15 a double bed, which can be up to 1670mm wide
by 190 mm long and 360mm hgh. In flats 1f 15 unfortunately also necessary to make sure
that stretchers and coffins can be camed o the hfi. To accommodate these, a depth of
2.5m 15 requuired. The whaole car can be made thiz depth or if can be shallower but have a
collapsible extension which can be opened out at the back when the need anses. The Lift
well must, of course, be deep enough to allow the extension to be opened. In hospitals
some of the hfts mmst take stretchers on trollevs and also hospatal beds and these lifis
mnast be the full depth of 2 complete bed.



The use of 3 bmlding w1ll often enable a designer to eshmate the probable mumber of
stops dunng each tip. If this 15 dufficult, then a formula can be developed by probabihity
theory, and 1=

™ N N
F-P PP P-F
S, =n- : bl o+ 1
where

5, =probable number of stops

n=number of flocrs served above ground floor

N=pumber of passengers entering hift at ground floor on each top

P=total population on all floors

P_ P, .. p=population on 1st, 2nd.. nih floor.

Three to four seconds mmst be allowed for opening and closmg the doors at each stop.
A further 1 to 11.55 have to be allowed for each passenger to enter the lift and 1 to 25 for
each passenger to leave.

The tavelling fime 1= made wp of perods of acceleration, constant speed and
retardation. Figure 161 gzives the tme wversus distance curves for the acceleration
normally associated with vanons hft speeds. On each curve, the point marked X indicates
the end of acceleration and start of constant velocity. The retardation 15 generally taken to
be equal in magmitude to the accelaraton. Providng the distance between stops 15 long
enough for the Lift to reach steady speed before starting to slow, the total travelling time
of a round tnp 1= given by:

= %{d.‘i,, +D+d)
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Figure 16.1 Acceleration curves for
lifts

where
r=total travelling tme
d=distance durmg which acceleration takes place
D=diztance between ground and top floors
Se=mumber of stops between ground and top floors
F=lift zpead.



Table 16.1 Lift service comparison

A B C D
Load persons 10 20 10 15
Speed ms” 15 1.5 2.0 2.0
Probakble no. of stops per mp (3,) 5.23 635 5.23 5.09
Accelerating distance /d} m 2.60 2.60 120 120
i 5, 13.60 16.50 11.50 13.20
Distance between ground and top fleors (T m 25.00 25.00 25.00 25.00
(5, +D+d) 41.20 4410 IETO .40
1{:5; ﬁt{l = travelling time (2) 55.00 59.00 3E.00 40.00
Dipor opening tme (5) 21.00 28.00 21.00 24.00
Pazzengers entening and leaving (5] 25.00 S0.00 25.00 37.00
Total travelling dme 101 137 24 101
10¥% margin 10 13 H 10
RTT{=) 111 150 az 111
Mo, of lifts 4 E] 4 3
Mo. of trips per lift in 30min 16 12 19 14
N, of persons per Lift in 30min 160 240 190 2440
Total no. of persons caried in 30min G40 T2 760 T20
Wii=) 28 30 23 37
%{_ 2+ N) 42 62 35 46
Grade of service Excellent Fair Excellent Gond
Calculation af 5, S =nm i[ﬂ]“ .:‘:E-EE
=S
T B ey ey
P P P P

2 36 G626 0.95 .60 0.44 0.35
3 93 589 0.86 .22 0.10 0.05
4 150 502 0.76 0.06 0.01 0.00
3 g5 577 0.58 .22 0.10 0.05




Table 162 Lift dimensions

Passenger lifts
Wall Machine room

Load Speed Width Depth Width Length Heighr Top landing to  Fir
persons  (ms '} (m) (1) (m) fm) () MIC room depth

Moor (m) {m)
Gemeral purpose passanger iz
8 1.0 1.80 1.80 310 4.80 2.60 400 1.60
10 075 200 1.80 310 5.00 2.60 4.00 1.60
10 1.0 200 1.90 310 5.00 2.60 4.00 1.70
10 15 200 1.90 310 5.00 2.60 420 1.70
14 075 260 220 3.50 5.30 270 410 1.70
16 1.00 260 220 3.50 530 270 420 180
14 1.30 260 220 3.50 5.30 270 430 1.90
20 075 260 2.50 3.50 5.60 270 410 1.70
20 100 260 2.50 3.50 5.60 270 420 1.90
20 1.50 260 2.50 3.50 5.60 270 430 190
High speed paszensar Itz
12 25 20 220 320 7.50 270 480 280
14 25 260 230 3.20 2.00 270 480 280
14 35 260 230 3.20 2.00 3.50 .80 340
20 25 260 2,80 3.20 8.30 3.50 .20 280
20 35 260 2,60 3.20 8.30 3.50 7.10 340
20 50 260 2,80 3.20 8.30 31.50 220 5.10
Goods hifts

Well Machine reom

Load Speed Widitk Depth Width Length Heighr Top landing ro  Pir
kel fms'} (m) (1) (m) fm) {m) MC room depth

Moer (m) )

Gemeral purpose goods iftz
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DC silicon-cenrrolled rectifier (SCR)

Usmg power electronies, a DC motor can be used to vary the speed of the Lift by varving
the armature voltage. This method 15 the most widely used in DC drives, 1n the form of a
controlled three-phase rectifier. This can be implemented in fwo forms. One form 15 a
fully controlled bndge rectifier, which allows fwo-quadrant operation.

The other form wses two bndges 1n parallel, each connected to dove the motor 1n the
opposite direction of the other. By using both bndges, the motor can be operated 1o both
drrving and braking modes, m forward and reverse directions (Le. four-guadrant
aperaton).

AC variable voltage (ACVF)

Thesa systems were widely used o the mud-1980: and eardy 1990s. Thev are very smmple
in the method of operation. Thev rely on three paws of back-to-back thynstors for varving
the stator AC voltage on a2 double-cage squurrel cage motor. By varving the fining angle,
the stator voltage 1= vaned and a new speed torgue curve results.

Fariable veltage vartable frequency (FVVF)

The most widely used svstem today 15 the VVVE system, usually referred to as an
inverter ditve. The principle of operation relies on a rectifier to produce DC into the so-
called DC hnk and an ioverter, whichk produces simusoidal cwrent mto the windings. By
changing the frequency of the imverted signal, the synchronous frequency and hence the
speed torque curve 15 moved to the desired profile. The supply 15 fed to a servo motor.

"1 - 1

Figure 16.5 Gearless drive unit
(Courtesy of Schindler Lifts Lid)



Bralkes

Lift brakes are usually electromaznetic. In the majonty of cases, they are placed between
the motor and the gearbox; m a gearless machine the brake 1= keyed to the sheave The
shoes are cperated by springs and released by an electromagmet the armature of which
acts etther directly or through a system of lmks. A typical brake 1= shown in Figure 16.6.
The brake 15 used only when the car 1s parked. To slow the car down, several methods are
emploved. Pluzgzing 1= reversing the phase sequence as the motor 1= runming; the
synchronous magnetc field reverses direchion, causing the motor to slow

-
| I
=

Figure 16.6 Lift brake



Lift carz

Passenger cars should be at least 2.00m high, and preferably 2.15m or more. They can be
made to almost any specificahon, but most manufacturers have certain standard fineshes
from whach the clhient should choosa.

Lift cars consist of two separate units, namely the shing and the car proper. The sling 1=
constmeted of steel angles or channels and the car 1= held within the shmg. The shng also
cames the gude shoes and the safety gear. The car 15 sometmmes msulated from the sling
frame by anti-vibration mountings. Goods cars are of rougher construction than passenger
cars but otherenze follow the same pnneiples.

Except for very small mstallattions ©f 15 now almost umiversal practice to have an
emergency telephone 1 the car. It can be connected either as a2 direct line to the public
telephone network or az an extension of the private branch exchange in the bulding. Tt 1=
generally fitted mn a recess m the wall of the car with a lunged door over 1t

All electical connections to a car are made throush a mulfi-core hanging flexable
cable. One end of this 1= connected to a terminal box under the car, and the other end to a
termunzal box on the wall of the well approximately half-way down. A separate hanging
cable mavy be needed for the telephone

Counterweizhits

A countersreight 15 provided to balance the load being camied. As the load camied vanes,
the counterweisht cannot always balance 1t exactly; it 15 usnal for the counferweizht to
balance the weight of the car plus 50 per cent of the maximum load to be taken in the car.
A tvpical counterweight frame 15 shown in Figure 16.7. It contams cast-iron sections held
in the steel framework and ngidly bolted together by tie reds. The hfting ropes are
attached to eve bolts which pass through the top piece of the frame.

Guides
Both the car and the counterweipht mmst be puided m the well =o that they do not swing

about as they fravel up and down. Contmuous verfical guides are provnded for thas
purpese. They are most commeonly made of steel tees,



Figure 16.7 Counterweight frame
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Indicators

Indicators are available for showmg when the car 15 1n motion, the direction of travel and
the posibion of the car mn the well. A posthon indicator may be mstalled 1n the car, and 1
many cases also aft each landing. Dhirection indicators are provided at the landings, and a
common arrangement 15 to have a posihon an dwection indicator 1o the car and at the
ground floor with direction indicators at the other landings.



For Lifts at higher speeds, gradual wedge clamp safety gear 15 used. This also works by
clampmg the car to the guides, but the clamps are forced agamst the guides gradually and
so bnng the car to rest more smoothly. The clamps can be brought into play by screw
motion or by a spring.

Figure 16.10 Lift governor



Table 16.4 Lift clearances

Lift speed (ms ") Bottem clearance (m) Top clearance (m)
0.3 0.330 0455
0510 0410 0,610
1.0-1.5 0510 0.760
Landing

As it stops, the car must be brought to the exact level of the landmg With an autemate
Lift, thiz depends on the accuracy with which the slowing and stopping devices cut off the
motor cumrent and apply the brake. Levelling 15 affected by the load being camed: a full
load travels finther than a hght load when coming to rest from a given speed on the
downward fnp and less far on the upward tnp. To overcome this, it 15 desirable that the
car should travel faster when canving a full load uwp than when travelling up empty. A
motor with a nsing charactenstic would be unstable, but the desired effect can be easzily
achieved with vanable voltage control The n=ing charactenstic 15 needed only at the
levelling speed. whach 15 from about 1/6 to 1/20 of the maxmmum speed.

Type of control

An automatic control svstem has a single call button at each landing and a button for each
floor in the car. A passenger presses the car button for the desired floor and the hift
automatcally travels there. Calls made from landing= while the car 15 in motion are
stored n the controller memory. With Automate Collective Control, each landing has
both an UP and a DOWN button, and there 1= a set of floor buttons in the car. Every
button pressed registers a call, and up and down calls are answered dunng up and down
Jjowneys respectively, mn the order in which the floors are reached. The order in whach the
buttons are pressed does not affect the sequence m which the car stops at the vanous
floors, and all calls made are stored m the system unti] thev have been answered. Down
calls made while the Lift 15 travelling up are kept until after the up jowrney 1s fimshed. and
up calls made while the lift 1= moving down are spmlarky kept uniil that frip 15 finished.

The system can be modified to work as a collective svstem in the down directon and
as a smmple automane system in the up dwechion. It 15 then known as Down Collective.
This version 1= sometimes used in blocks of flats and 1s based on the assumphon that
occupants and their visitors travellmg up like to go stranght to their own floors, but that
evervore going down wants to get off at the ground floor. Thus upward travellers should
be able to go straight to thewr own floor without interference, while downward travellers
are less hkely to be imtated by mtermediate stops to pick up other passengers going to
the same destination. Thiz reaseming ignores milkmen postmen and other delivery
workers, and the author of thiz book finds if unconvinens. Nevertheless, it appears to be
popular with many authonties.
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Figure 16.12 Escalator

The dnve and transmossion have to carry the total load on the escalator. Since people
do not stand at even and regular mmtervals on the whole staircasze the load averaged over
the whole length of the escalator 15 less than the maxmimum load on individual treads. The
peak load on each tread 15 of concern to the structurz] designer but the electnical engineer
concerned with the power requirements can use the average passenger load taken over the
total area of exposed treads. This average can be taken as 290kgm™.

An escalator must have a brake which has to fa1l safe if there 15 an mtermuphon to the
electical supply. The brake 15 therefore appled by a spring or a hydraulic force and 1=
beld off agamst the mechanical force by an elecimcally energized solenoid. As 1s the case
with Lifts, there 15 also provision for releasing the brake mamually and handwinding the
escalator.




Paternosters

Whilst paternosters are a type of bft they also have similanfies with escalators and if 15
meoTe convenlent to discuss them affer the latter. A patermnoster 1= a bft which has a senes
of. small cars mmmng confinnously n a closed loop. It 15 difficult to explam this clearhy
in words but 1t should be clear from Figure 16.13. The cars are open at the front and
meove slowly enough for people to step in and out of them whalst they are m mobon, just
as they step on and off an escalator. In fact a paternoster can perhaps be thought of as a
vertical escalator. To make 1t safe for people to zet on and off whilst the cars are m
motion the speed must be less than 0.4ms™".

The cars are constucted m the same way as ordinary hift cars but do not have doors and
are not large enough to take more than one person each. In practice this means that the
cars are less than 1 0m=] 0m i plan. They must of course be of normal height. The front
of the floor of each car 1s made as 2 hinged flap. This ensures that 1f a person has one foot
in the car and one on the landing he will not be thrown off balance as the car moves up.
Since the cars move 1n 3 contmuous loop they provide their own counterweight and no
addifional counterweizht 15 needed. Bipid pudes are provided for the cars which have
shoes similar to those of ordinary hiff cars.

In the space between cars there 15 a protective screen level with the front of the cars.
This prevents people stepping into the shaft in between cars. It 15 stll necessary to make
sure that the landmgzs and enftrances are well luwminated. The cars are camed on a
contmuons steel ok cham. The drming machinery 15 similar to that of an escalator and 1=
alwayvs placed above the well It inchides a brake which 1= applied mechamcally and held
off electrically, so that the paternoster 15 braked if the electneal supply fails. Az m the
case of both hifis and escalators there 15 provision for handwindimg.

A paternoster 15 started by a kev-operated switch, erther at the ground floor or at the
muain floor if this 1= other than the ground floor. There are emergency stop buttons at each
floor, 1o the pit and o the machinery space.
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Figure 16.13 Paternoster

BS 2655 Lifis, escalators and paternosters
B5S 5655 Lifis and service lifts
B5 5656 Safety mules for escalators and passenger conveyors

Read Page 235 Lift, Escalators, Parternosters

Read Page 262 to 318 Chapter 17 Regulations and Chapter 18 Design Examples.



