17.7 EARTHING AND ITS IMPORTANCE

Earthing means connections of the neutral point of a supply system or the non-current carrying parts of
electrical apparatus, such as metallic framework, metallic covering of cables, earth terminal of socket outlet,
stay wires etc., to the general mass of earth in such a manner that at all times an immediate discharge of
electrical energy takes place without danger.

Earthing is provided

L. to ensure that no current carrying conductor rises to a potential with respect to general mass of earth

than its designed insulation,
2. to avoid electric shock to the human beings, and
3. to avoid risk of fire due to earth leakage current through unwanted path.

In an electric installation, if a metallic part of an electric appliance comes in direct contact with a bare or
live wire (that may be due to failure of insulation or otherwise) the metal being a good conductor of electricity
is charged and static charge on it will accumulate. Now if any person comes in contact with this charged
metallic part, he will get a severe shock. But if the metallic parts of the appliances are earthed, the charge will
be transferred to the earth immediately, as the metallic part comes in direct contact with a bare or live wire Of
breakdown occurs. And as the discharge takes place to earth, the impedance of path of the current is low,
large amount of current flows to earth, the instant, the current exceeds the limiting value, the fuse providedin
the circuit will blow off and cut off the appliance from supply. Thus earthing of metallic parts of electrical
equipment and appliances provides safety.
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17.8 METHODS OF EARTHING

The various methods of earthing are :

61‘ Srt:lii; g; ::' reﬁf‘:::jh;;gr;][; thlz system of earthing, strip electrodes of cross section not less than 25 mm
X .1'. m desth OPSPmetre If & dx mm if of galvanised iron or steel are buried in horizontal trenches of
g‘a“‘mm“{" ” 0';‘ CO[':bpel' and B l:);rz} . fml;dl'clm"s are used, their cross-sectional area shall not be smaller than
Om of galvanised iron or steel. The length of buried ¢ :tor shall be
sufficient to give the required earth resist ¢ length of buried conductor shall b

dely disiributed as nocs] ance. It shall, however, be not less than 15 metres. The electrodes
shall be as widely distributed as possible, preferably in a single straight or circular trench or in a n'imber of

trenches radiating fr‘om a point. If conditions require use of more than one strip, they shall be laid either in
paralle] trenches or in radial trenches.

This type of ea.rthn}g 1s used at places which have rocky soil earth bed because at such places excavation
work of plate earthing is difficult.

2. Rod Earthing. In this system of earthing, 12.5 mm diameter solid rods of copper or 16 mm diameter
solid rods qf gaIVflnised iron or steel or hollow section 25 mm GI pipes of length not less than 2.5 metres are
driven vertically into the earth either manually or by pneumatic hammer. In order to increase the embedded
length of electrodes under the ground, which is sometimes necessary to reduce the earth resistance to desired
value, more than one rod sections are hammered one above the other.

This system of earthing is suitable for areas which are sandy in character. This system of earthing is very
cheap as no excavation work is involved.

3. Pipe Earthing. This is the most common and best system of earthing as compared to other systems
suitable for the same earth and moisture conditions.

In this method of earthing, a galvanised steel and perforated pipe of approved length and diameter is
placed upright in a permanently wet soil, as shown in Fig. 17.29.

The size of the pipe depends upon the current to be carried and type of soil. Usually the pipe used for this
purpose is of diameter 40 mm and 2.5 metres in length for ordinary soil or of greater length in case of dry and
rocky soil. The depth at which the pipe must be buried depends upon the moisture of the ground. The pipe is
placed at a depth of 3.75 metres (minimum). The pipe is provided with a tapered casting at the lower end in
order to facilitate the driving. The pipe at the bottom is surrounded by broken pieces of coke or charcoal for
adistance of about 15 cm around the pipe. Generally alternate layers of coke and salt are used to increase the
effective area of the earth and to decrease the earth resistance respectively. Another pipe of
19 mm diameter and minimum length 1.25 metres is connected at the top of GI Pipe through. rcducing socket.

In our country in summer season the moisture in the soil decreases which causes increase in earth
resistance. So a cement concrete work, as shown in Fig. 17.29, is done in order to keep the water arrangement
accessible, and in summer to have an effective earth, 3 or 4 buckets_ of water are put through the funnel
connected to 19 mm diameter pipe, which is further connected to Ql pipe. . ‘

The earth wire (either GI wire or GI strip of sufficient cross section to carry faulty current safely) is carried
in a GI pipe of diameter 12 mm at a depth of about 60 cm from the ground. o -

Care should be taken that earth wire is well protected from mechanical injury, when it is carried over from
one i

za;lll;ntj ];;(:, :;lc;i}:;r;mis ‘s another common system of c‘arthi‘ng. In pl‘ate caf'thing an earthing plate eitha.j:r
of copper of dimensions 60 cm x 60 cm x 3 mm or of galvanised iron of dimensions 60 cm x 60 cm x 6 mm is
buried into the ground with its face vertical at a depth of not less I:hatn 3 metres from ground ]eve!. The ea:"th
late is embedded in alternate layers of coke and saltfora minimum thickness of 15 cm. The earth wire (thw1;e
for GI plate earthing and copper wire for copper plate earthing) is securely bolted to an earth fp!atc wit 1:1 (2
help of a bolt, nut and washer made of material of that 01.'~ earth plate (made of copper in case o1 COpper p
earthing and of galvanised iron in case of GI plate earthing).
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A small masonry brick wall enclosure with a cast iron cover
is provided to facilitate its identification and for carrying O
The copper plate and copper wire are usually not emp

higher cost.

Basic Electrical cngimneering

on top or an RCC pipe round the earth plate

jodical i i d tests.
¢ periodical inspection an -
110523 for grounding purposes because of their

Cl COVER HINGED

B oD e TO CI FRAME
GROUND LEVEL
CEMENT CONCRETE 3em—s| |—
(1:4:8) i o] | /—1cm
l:: S T
Vi i sl dd K . W \ \Q l"‘ b
2¢cm ‘
30 cm 5Q —*|:;
WIRE MESH 25 cm
GI GHECK s
£
£
w
]

cm
2cm
19 mm @, GI PIPE
38 x 19 mm
REDUCING SOCKET
#—— CHARCOAL LAYER

il __ 38 mm @ GI PIPE
——— SALT LAYER

2.5 m (MIN)
>ALTERNATE LAYERS OF
CHARCOAL OR COKE AND SALT

12 mm dhj

HOLE
SECTION XX

Note: Three or four buckets of water to be poured into sump every fi : 3
the earth pipe permanently moist. ry few days to keep the soil surrounding

Fig. 1729 A Typical lllustration of Pipe Earth Electrode



E|Bctr'|l3'dl LI w1 s was

1 r
\Z
' 495
6.30 mm ¢ Mg
ROD
CI COVER HINGED
TO CI FRAME
CI FRAME
3
WIRE MESH
60 cm
5 CEMENT CONCRETE
: (1: 4. 8)
Aot i d ]
- FUNNEL
- 70cm ——a
L =1 \3
12mm_; 13 mm ¢ Gl PIPE
Gl PIPE -1
19 mm G PIPE COPPER
/ OR
1.5m (MIN.) Gl WIRE
{ al
Jale 1=
T =t
BOLT, NUT, CHECK :j
NUT AND LL
WASHER TO
BE OF COPPER FOR
COPPER PLATE AND GI
FOR Gl PLATE
60 % 60 cm = 6.00 mm d
GI PLATE OR . CHARCOAL
60 x 60 crm x 3.00 mm
COPPER PLATE ENLARGED DETAIL-A
. . i
T
\ Ll
A
90 cm
60 cm
15cm =
mmccw E
wn
—

Note: Three or four buckets of water to be poured into sump every few days to keep the soil surrounding
the earth pipe permanently moist.

Fig. 17.30 A Typical llustration of Pipe Earth Electrode



17.4 TYPES OF WIRES AND CABLES

The wires employed for internal wirip

= £ of buildings may be divided into different groups according to (i)
cond;ctor ;§ed (u)l?umber of cores used (iif) voltage grading and (iv) type of insulation used.

ceant 8.0 fie conductat material yaed-in cables, these may be divided into two classes known as
copper conductor cables and aluminiym conductor cables.

According to the number of cores, the cable consists of, the cables may be divided into classes known

as single core cables; twin core cables; three core cables; two core with ECC (earth continuity conductor)
cables etc.

According to voltage grading the cables may be divided into two classes : (i) 250/440 volt cables and
(ii} 650/1,100 volt cables.

According to type of insulation the cables are of the following types :

1. Vulcanized Indian Rubber (VIR) insulated cables.

2. Tough rubber sheathed (TRS) or cab tyre sheathed (CTS) cables.

3. Lead sheathed cables. :

4, Polyvinyl chloride (PVC) cables.

5. Weatherproof cables. .

6. Flexible cords and cables.

7. XLPE cables.

8. Multi-strand cables. _

1. Vulcanized Indian Rubber (VIR) Cables. VIR, cables are available in 240/415 volt as well as in 650/

1,100 volt grades. . - .
VIR cable consists of either tinned ‘copper conductor covered with a layer of vulcanized Indian rubber

insulation. Over the rubber insulation cotton tape sheathed covering is provided with moisture resistant

compound bitumen wax or some SINGLE CORE

other insulating material for making — T ’/— S ORRaR

the cables moisture proof. The =\ =0

thickness of rubber insulation (a) Single Strand

depends upon the voltage grade for

which the cable is required. £ — /
The copper conductor is tinned g A

to provide protection against

corrosion due to presence of traces (b) Seven Strand

of sulphur, zinc oxide and other Fig. 17.15  Single Core VIR Cables

Mineral ingredients in the VIR.
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rger cables have to be stranded.

A singl i i mployed but la o
ingle core single strand VIR wire may be employ J VIR cables are shown in Figs. 17.15(g)

Single core single strand VIR wire and single core seven stran
and 17.15(b) respectively. :
2. Tough Rubber Sheathed (TRS) or Cab Tyre Sheathed (CTS) C?Ples. These cableF are av.atlable in
250/440 volt and 650/1.100 volt grades and used in CTS (or TRS) wiring. TRS cable is nothing by ,
vulcanized rubber insulated conductor with an outer protective covering of tough rub!?er, which provides
additional insulation and protection against wear and tear. These cables are wat.crproot, hence can be ygeq
in wet conditions. These cables are available as single core, circular twin core, (:1r(_:ular Lhrcc‘ core, flat three
core, twin or three core with an earth continuity conductor (ECC). The cores are .msu.lated from each other
and covered with a common sheathing. Different types of TRS cables are shown in Fig. 1?. lfS. . _
In wiring of 3 pin plugs separate earth wire may be used as it is cheaper 1n cost and easier in installatiop,
These cables are cheaper in cost and lighter in weight than lead alloy Shﬂa‘hcfj cables and have the
properties similar to those of lead sheathed cables and thus provide cheaper substitute to lead sheathed
cables.
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3. Lead Sheathed Cables. These cables are available in 240/415 volt grade. The lead sheathed cable is

a vulcanized rubber insulated conductor covered with a continuous sheath of lead. The lead sheath provides
very good protection against the absorption

of moisture and sufficient protection against f LEAD SHEATH
mechanical injury and so can be used without

CONDUCTOR
/1_!/— VIR INSULATION

casing or conduit system. It is available as a

single core, flat twin core, flat three core and

flat twin or three core with an earth continuity ” 2
conductor. Two-core lead sheathed cable is

shown in Fig. 17.17.

4. Polyvinyl Chloride (PVC) Insulated Cables, These cables are available in 250/440 volt and 650/
1,100 volt grades and are used in casing-capping,

r’ﬂTr\
LJJ

Fig. 17.17 2-Core Lead Sheathed Cable

A batten and conduit wiring system. In this type of cable
conductor is msulalec! Wlth PVC insulation. Since PVC is harder than rubber, PVC cable does not requir®
cotton taping and braiding over it for mechanical and moisture protection

PVC insulation is preferred over VIR insulation because of the following reasons:
(/) PVC insulation has better insulating qualities.
(i) PVC insulation provides better flexibility.
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(iii) PVC insulation has no chemical effect on metal of the wire
(iv) Thin layer of PVC insulation wil] provide the desire !
(v) PVC coated wire gives smaller diameter of cable 2

accommodated in the conduit of a given size in com

d insulation level,
nd,_ therefore, more number of wires can be
. parison to VIR or CTS wires.

P.VC Catfle"’ are most widely Qsed for internal wiring these days. Though the insulation resistance of
PVC is lower than that of VIR but its effect js negligible for low and medium voltages, below 600 V

5. Weather Proof Cables. These cables are used for outdoor wirin g and for power supply or industrial

supply. Thes.c cables are Cithe.r PVC insulated or vulcanized rubber insulated conductors being suitably
taped (only in case of vulcanized rubber insulated cable) braided and then compounded with weather

resisting material. These cables are available in
CONDUCTOR WEATHER PROOF
2407415 volt and 650/1,100 volt grades. These i /_ el [ INSULATION

cables are not affected by heat or sun or rain.
Weather proof cable is shown in Fig. 17.18.
Although TRS cables can be used for outdoor
purposes but due to their higher cost, weather proof
cables are generally used for outdoor services. Fig. 17.18  3-Core Weather Proof Cable

6.. Flexible Cords and Cables. The flexible cords consist of wires silk/cotton/plastic covered. Plastic
cover is popular as it is available in different pleasing colours. Flexible cords have tinned copper conductors.
Flexibility and strength is obtained by using conductors having larger number of strands. These wires or
cables are used as connecting wires for such purposes as from ceiling rose to lamp holder, socket outlet to
portable apparatus such as radios, fans, lamps, heaters etc. The flexibility of such wires facilitates in handling
the appliances and prevents the wires from breakage. These must not be used in fixed wiring.

The flexible cords used for household appliances are available in various sizes and with various
thicknesses of coating as very thin/thin/medium/thick/very thick/extra thick etc.

7. XLPE Cables. PVC and XLPE cables are built of insulation made of polymers. Polymers are substances
consisting of long macromolecules built up of small molecules or groups of molecules as repeated units.
These are divided into homopolymers and copolymers. Homopolymers are built by reactions of identical
monomers. Copolymers are built up of at least two different kinds of monomers.

The mechanical properties of the polymers e.g. tensile strength, elongation elasticity and resistance
against cold depend upon chemical structure. Their resistance against external chemical influences, acids,
bases or oils together with their electrical and thermal characteristics are the decisive factors for the usefulness

of cables insulated and sheathed with these materials.

Advantages of PVC Cables Over Other Types of Cables
1. Non-hygroscopic insulation almost unaffected by moisture.

Non-migration of compound allowing vertical installation.
Complete protection against most forms of electrolytic/chemical corrosion.

Tough/Resilient sheath with excellent fire resisting qualities.
Good ageing characteristics.
6. Not affected by vibrations.
Advantages of XLPE Cables Over Both PVC and All Other Types of Cables

_____________

LA

1. Higher current rating.

Higher short-circuit current rating.

Longer service life.

Can withstand 130°C (maximum) for short time and is
It is less sensitive to the setting of network protection. o
Because of thermosetting process taking place through cross-linking,

favourable to endure short-circuit Stresses.

crack resistance is increased.

DLk v
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7. Due to chemical cross-linking internal stresses are reduced. Consequently material is less sensitive,
during manufacture, to the setting of the cooling gradient. _
8. The tiermal resistivity of cross~glinked material is favourably low, compared to thermoplastic
material.
9. Low dielectric loss (a significant advantage). ) )
10. Excellent mechanical features of the insulation improves the protection against external effects,
11. The resistance of XLPE to acids, alkalies is outstanding and often compensates adverse
environmental influences. ;R
Presently XLPE cables are used extensively for high tension and low tension work. Even for distribution
work at 3-phase 415 V industry is using XLPE cables. )
8. Multi-Strand Cables. Multi-strand cables have got the following advantages with respect to the
single solid conductor and hence preferred.

(#) The multi-strand cables are more flexible and durable and, therefore, can be handled ?Onveme’ntly.
(it) The surface area of multi-strand cable is more as compared to the surface area of eq}llvalent single
solid conductor, so heat radiating capacity, being proportional to the surface area, is more.
(iit) Skin effect is better as the conductors are tubular, specially in case of high frequency.

The number of strands in stranded cable must be 3,7, 19, 37, 61, 91 and so on in order to obtain a circular
contour. The section of a 3-strand cable at right angle to its length is three circles touching one another, the
centres of which are the corners of an equilateral triangle. All other have a centrally disposed conductor with
all the other around it. Thus a 7-strand cable has one central wire with 6 wires surrounding it; the 19-strand
cable has another 12 wires surrounding the 7-strands; the 37-strand cable has another 18 wires surrounding the
19-strands and so on. It is seen that each layer of wires has always 6 more wires in it than the layer beneath it.

The various conductors are spiralled round the central conductor and when there is more than one layer,
alternate layers are spiralled in opposite directions. This to is prevent “bird-aging” when the conductor is
bent.

Since the length of each spiralled conductor is greater than the central strand and the current flows

along the various conductors, resistance is increased and so we should be particular in the designation of the
X-section.

The nominal cross section is the area of the x-section of one conductor in a plane perpendicular to its

nominal cross section because of increase in resistance due
length due to spiralling is taken approximately 2% by the cabl
added in giving the equivalent x-sectional area, Actual cross section is 2 Per cent more instead of 2 per cent
less. In calculating weight of the conductor the 2 Per cent loss in the lay has to be added.

The size of a cable is given in various manners, explained below.
The size of the cable can be given by a designati

to spiralling. Loss in lay i.e. the additional
€ manufacturers and this percentage has been



