6 Shock effect

The flow of current through the human body may cause a
severe shock or even death in many cases. If this current
is controlled to a specific value, this effect of current can be
used to give light shocks to the brain for the treatment of
mental patients.

Conductors - insulators - wires - types

Objectives: At the end of this lesson you shall be able to

« differentiate between conducting and insulating materials

* state the electrical properties of conducting materials

» state the terms used in electrical cables

« state the characteristics of copper and aluminium conductors

* state the types and propertites of insulating materials.

» describe the method of measurement of wire size using SWG
* explain the method of measure wire size by outside micrometer

Conductors andinsulators

Material with high electron mobility (many free electrons)
are called conductor.

Materials that contain many free electrons and are capable
of carrying an electric current are known as conductors.

Examples - silver, copper, aluminium and most other
metals.

Materials with low electron mobility (few (or) no free
electron) are called insulators

Materials that have only afew electrons and are incapable
of allowing the currentto pass through them are known as
insulators.

Examples -wood, rubber, PVC, porcelain, mica, dry paper
andfibreglass.

Conductors

The use of conductors and their insulation is regulated by
| E regulations and BIS (ISI) code of practice.

ThelEregulationsand | S cover all electrical conductors
listing the minimum safety precautions needed to safeguard
people, buildings and materials from the hazards of using
electricity.
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VARIOUS FORMS OF CONDUCTOR

Wires and cables are the most common forms of conductors.
They are made in a wide variety of forms to suit many
differentapplications. (Fig 1)

Conductors form an unbroken line carrying electricity from
the generating planttothe pointwhereitisused. Conductors
are usually made of copper or aluminium.

Currentpassing through a conductor generates heat. The
amount of heat generated depends on the square of the
current that passes through the conductor and the
resistance of the conductor.

Asthe heatdevelopedinthe conductor depends uponthe
resistance of the conductor the cross-sectional area of the
conductor must have a large enough areato give it a low
resistance. But the cross- sectional area must also be
small enough to keep the cost and weight as low as
possible.

The best cross-sectional area depends upon how much
currentthe conductor can carry withoutmuch voltage drop
in the line and heat generation in the conductor.

There is a limit to the temperature each kind of insulation
can safely withstand and also the type of insulation which
can withstand the physical chemical and temperature
zones of the surroundings.

BIS (ISI) code specifies the maximum current considered
safe for conductors of different sizes, having different
insulation and installed in different surroundings.

Size of conductors

The size is specified by the diameter in mm or the cross-
sectional area. Typical sizes are 1.5 sg.mm, 2.5 sg.mm,
6 sq.mm etc.

Stillin India the old method of specifying the diameter by
the standard wire gauge number is in use.

Classfication of conductors

Wires and cables can be classified by the type of covering
they have.

Bareconductors

They have no covering. The most common use of bare
conductors is in overhead electrical transmission and
distribution lines. For earthing also bare conductors are
used.
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Insulated conductors

They have acoating of insulation. The insulation separates
the conductor electrically from other conductors and from
the surroundings. It allows conductors to be grouped
without danger. Additional covering over the insulation
adds mechanical strength and protection against weather,
moisture and abrasion.

Solid and stranded conductors

A solid conductor is one in which there will be only one
conductor in the core as shown in Fig 2. A stranded
conductoris one inwhichthere willbe anumber of smaller
sized conductors twisted to form the core as shown in
Fig 3.

The number of conductors ranges from 3 to 162 and the
conductor size varies from0.193 mm¢to 3.75 mmdiameter
depending upon the current carrying capacity and also
upon whether these conductors are used in cables or
overheadlines.

Fig 2
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Normally stranded conductors are designated as 10 sq.
mm cable of size 7/1.40 where 10 sq.mm gives the area of
the cross-section, in the size, numerator (7) gives the
number of conductors and the denominator 1.40 gives the
diameter of the conductorinmm. Alternatively 7/1.40 cable
is the same as 7/17 whereas in the latter case the
denominatoris expressed in Standard Wire Gauge (SWG)
number.

Stranded conductors are more flexible and have better
mechanical strength. According to recent stipulation, the
cable size should be expressed in sg. millimetres or they
can be expressed in terms of the number of conductors in
the cable and the diameter of the conductor in mm.

Cable

Acableisalength of single, insulated conductor (single or
stranded), or two or more such conductors - each provided
with its own insulation, and are laid up together. The
insulated conductor or conductors may or may not be
provided with an overall mechanical protective covering.

Cable (armoured)

An armoured cable is provided with a wrapping of metal
(usually inthe form of tape or wire), serving as amechanical
protection.

Cable (flexible)

A flexible cable contains one or more cores, each formed
of a group of wires, the diameters of the cores and of the
wires being sufficiently small to afford flexibility.

Core

All cables have one central core or a number of cores of
stranded conductors farming high conductivity; generally
there are one, two, three, three and half and four cores.
Each core is insulated separately and there is overall
insulation around the cores.

Wire

A solid substance (conductor) or an insulated conductor
(solid or stranded) subjected to tensile stress with or
without screen is called a wire.

Copper and aluminium

In electrical work, mostly copper and aluminium are used
for conductors. Though silver is a better conductor than
copper, itis not used for general work due to higher cost.

Copper used in electrical work is made with a very high
degree of purity, say 99.9 percent.

Characteristics of copper
1 It has the best conductivity next to silver.

2 Ithasthelargestcurrentdensity per unitareacompared
to other metals. Hence the volume required to carry a
given current is less for a given length.

It can be drawn into thin wires and sheets.

4 It has a high resistance to atmospheric corrosion:
hence, it can serve for a long time.

5 Itcanbe joined without any special provision to prevent
electrolytic action.

6 Itis durable and has a high scrap value.

Next to copper, aluminium is the metal used for electrical
conductors.

Characteristics of aluminium

1 Ithasgood conductivity, nextto copper. Whencompared
to copper, it has 60.6 percent conductivity. Hence, for
the same current capacity, the cross-section for the
aluminiumwire should be largerthanthat forthe copper
wire.

Itis lighter in weight.

3 Itcanbedrawnintothinwires and sheets. Butlosesits
tensile strength on reduction of the cross-sectional
area.

4 Alot of precautions needs to be followed while joining
aluminium conductors.

5 The melting point of aluminiumis low, hence it may get
damaged at points of loose connection due to heat
developed.

6 Itis cheaperthan copper.
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Table 1 shows the properties of copper compared with
those of aluminium.

Table 1
Chararacteristics of conductor materials
Sl. Properties Copper |Aluminium
No. (Cu) (AD

1 Colour Reddish White

brown

2 | Electrical conductivity 56 35
in MHO/metre

3 Resistivity at 20°C in 0.01786 | 0.0287
ohm/metre (Cross-
sectional areain

2.
1mm)

4 | Melting point 1083°C 660°C
Density in kg/cm3 8.93 2.7
Temperature coefficient | 0.00393 0.00403
of resistance at 20°C
per°C

7 | Coefficientoflinear 17 x 10'6 23 x 10'6
expansionat20°C
per°C

8 Tensilezstrengthin 220 70
Nw/mm

Properties of insulating materials

Two fundamental properties of insulation materials are
insulation resistance and dielectric strength. They are
entirely differentfrom each other and measured in different
ways.

Insulationresistance

Itis the electrical resistance of the insulation against the
flow of current. Megohmmeter (Megger) is the instrument
used to measure insulation resistance. It measures high
resistance valuesin megohmswithout causing damage to
the insulation. The measurement serves as a guide to
evaluate the condition of the insulation.

Dielectric strength

It is the measure of how much potential difference the

insulation layer can withstand without breaking down. The
potential difference that causes a breakdown is called the
breakdown voltage of the insulation.

Every electrical device is protected by some kind of
insulation. The desirable characteristics of insulation ma-
terials are:

* high dielectric strength

+ resistance totemperature
+ flexibility

* mechanical strength.

No single material has all the characteristics required for
every application. Therefore, many kinds of insulating
materials have been developed.

Insulating tapes

Varioustapes are used for insulating electrical equipments,
conductors and components. Some ofthese are adhesive.
The tapes commonly used include friction, rubber, plastic
and varnished cambric tapes.

Rubber tape

Rubber tapes are used for insulating joints. The tape is
applied under slight tension. Pressure causes the layers
tobendtogether. Application of this restores insulation but
will not be mechanically strong.

Friction tape

This is used over rubber tape insulation. This is made up
of cotton cloth impregnated with an adhesive. It does not
stretch like the rubbertape. The frictiontape does nothave
insulating qualities of the rubber tape, hence should not be
used by itself for insulation.

Plastic tape (PVC tape)

This is used more than the other tapes. PVC tapes have
thefollowing advantages.

» High dielectric strength

* Very thin

+ Stretches to conform to contours of joints
Varnished cambric tapes

These tapes are made of cloth impregnated with varnish.
Itusually has no adhesive coating. Available in sheets and
rolls and are ideal for insulating motor connecting leads.

Measurement of wire sizes - standard wire gauge - outside micrometer

Necessity of measuring the wire sizes

Toexecute awiring job proper planning is necessary. After
considering the requirements of the house owner, the
electrician prepares a layout plan of the wiring and an
estimate of the cost of the wiring materials and labour. A
proper estimate involves determination of currentin different

loads, correct selection of the type of cable, size of the
cable and the required quantity. Any error will result in
defective wiring, fire accidents and bring unhappiness to
both the house owner and the electrician.
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While selecting the cable sizes, the electrician has to take A sound knowledge about the area of the cross-section of

into consideration the proposed connected load, future the core, the diameter of the single strand of the conductor

changes in load, the length of the cable run and the and the number of conductors in each core of the stranded

permissible voltage drop in the cable. conductor is essential forawireman to be successful in his
carreer.

Table 1 - Conversion table SWG to mm/inch

SWG No. mm inch SWG No. mm inch
7/0 12.7 0.500 23 0.61 0.024
6/0 11.38 0.464 24 0.56 0.022
5/0 10.92 0.432 25 0.51 0.020
4/0 10.16 0.400 26 0.46 0.018
3/0 9.44 0.372 27 0.42 0.0164
2/0 8.83 0.348 28 0.38 0.0148
0 8.23 0.324 29 0.34 0.0136
1 7.62 0.300 30 0.31 0.0124
2 7.01 0.276 31 0.29 0.0116
3 6.40 0.252 32 0.27 0.0108
4 5.89 0.234 33 0.25 0.0100
5 5.38 0.212 34 0.23 0.0092
6 4.88 0.192 35 0.21 0.0084
7 4.47 0.176 36 0.19 0.0076
8 4.06 0.160 37 0.17 0.0068
9 3.66 0.144 38 0.15 0.0060
10 3.25 0.128 39 0.13 0.0052
11 2.95 0.116 40 0.12 0.0048
12 2.64 0.104 41 0.11 0.0044
13 2.34 0.092 42 0.10 0.0040
14 2.03 0.080 43 0.09 0.0036
15 1.83 0.072 44 0.08 0.0032
16 1.63 0.064 45 0.07 0.0028
17 1.42 0.056 46 0.06 0.0024
18 1.22 0.048 47 0.05 0.0020
19 1.02 0.040 48 0.04 0.0016
20 0.91 0.036 49 0.03 0.0012
21 0.81 0.032 50 0.02 0.0010
22 0.71 0.028
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To measure the size of conductors, a electrician can use
normally a standard wire gauge or an outside micrometer
for more accurate results.

The size of wires are designed more carefully by the
manufacturers. Though the Bureau of Indian Standards
(BSI) specifies the cables by the area of the cross-section
in square millimetres, the manufacturers still produce the
cable with the diameter of each wire and number of wires
in the stranded cables. Sometimes the indicated size of
cable by the manufacturer may not be correct and the
electrician has to ascertain the size by measurement.

Standard Wire Gauge (SWG)

The size of the conductor is given by the standard wire
gauge number. According to the standards each number
has an assigned diameter in inch or mm. This is given in
Table 1. The standard wire gauge, shownin Figure 1 could
measure the wire size in SWG numbers from 0 to 36. It
should be noted that the higher the number of wire gauge
the smaller is the diameter of the wire.

Fig 1
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For example, SWG No. 0 (zero) is equal to 0.324 inch or
8.23 mm in diameter whereas SWG No0.36 is equal to
0.0076 inch or 0.19 mm in diameter.

While measuring the wire, the wire should be cleaned and
theninserted into the slot of the wire gauge to determine the
SWG number (Fig 2). The slotin which the wire just slides
in is the correct slot and the SWG number could be read
inthe gauge directly. In most of the wire gauges to save the
trouble of referring to the table, the wire diameter is
inscribed on the reverse of the gauge.

American Wire Gauge (AWG)

The American wire gauge is different from the British
standardwire gauge. Inan Americanwire gauge (AWG) the
diameteris represented in mils rather thaninch ormm. One
mil is one thousandth part of an inch. Please note there is
no direct conversion from AWG to SWG.
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Measurement of wire size by Outside micrometers

A micrometer is a precisioninstrument used to measure a
job, generally within an accuracy of 0.01 mm.

Micrometers used to take the outside measurements are
known as outside micrometers. (Fig 1)

The parts of a micrometer
Frame

The frame is made of drop-forged steel or malleable cast
iron. All other parts of the micrometer are attached to this.

Barrel/sleeve

Thebarrel or sleeveisfixed tothe frame. The datumline and
graduations are marked on this.

Thimble

The thimble is attached to the spindle and on the bevelled
surface of the thimble, the graduation is marked.

Fig 1
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Spindle

One end ofthe spindleis the measuring face. The otherend
is threaded and passes through a nut. The threaded
mechanism allows for the forward and backward movement
of the spindle.

Anvil

The anvilis one ofthe measuring faces whichisfitted on the
micrometer frame. Itis made of alloy steel and finished to
a perfectly flat surface.

Spindle lock-nut

The spindle lock-nutis usedtolock the spindle ata desired
position.

Ratchetstop

The ratchet stop ensures a uniform pressure between the
measuring surfaces.

Principle of the micrometer

The micrometer works on the principle of screw and nut.
The longitudinal movement of the spindle during one
rotation is equal to the pitch of the screw. The movement
of the spindle to the distance of the pitch orits fractions can
be accurately measured on the barrel and thimble.

Graduations

In metric micrometers the pitch of the spindle threadis 0.5
mm.

Thereby, inonerotation of the thimble, the spindle advances
by 0.5 mm.

Fig 2
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GRADUATIONS MARKINGS ON OUTSIDE DIAMETER

In a 0-25 mm outside micrometer, on the barrel a 25 mm
long datum line is marked. (Fig 2) This line is further
graduated in millimetres and half millimetres (ie. 1 mm &
0.5mm). The graduations are numberedas0, 5, 10, 15, 20
& 25 mm on the barrel.

The circumference of the bevel edge of the thimble is
graduated into 50 divisions and marked 0-5-10-15...45-50
in a clockwise direction.

The distance moved by the spindle during one rotation of
the thimble is 0.5 mm.

Movement of one division of the thimble
=0.5x1/50 =0.01 mm.

This value is called the least count of the micrometer.

Theaccuracy or least count of ametric outside
micrometer is 0.01 mm.

Outside micrometers are available inranges of 0to 25 mm,
25 to 50 mm, and so on. For electrician, to read the size
of the wire 0 to 25 mm is only suitable.

Reading micrometer measurements
How to read a measurement with an outside micrometer?

a) Readonthebarrelscale,the numberofwhole millimetres
that are completely visible from the bevel edge of the
thimble. It reads 4 mm. (Fig 3)

b) Addto thisany half millimetre thatis completely visible
from the bevel edge of the thimble and away from the
whole millimetre reading.

Fig 3
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READING MICROMETER MEASUREMENT

Thefigure reads one division (Fig 4) mm afterthe 4 mm
mark. Hence 0.5 mm to be added to the previous
reading.

c) Add the thimble reading to the two earlier readings.

Fig4
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THIMBLE READING ON MICROMETER

Thefigure shows the 5th division of the thimble is coinciding
with the datum line of the barrel. Therefore, the reading of
the thimble is 5 x 0.01 mm = 0.05 mm. (Fig 5)

The total reading of the micrometer.
a 4.00mm
b 0.50mm
¢ 0.05mm.

Total reading = 4.55 mm (Fig 5)
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Fig 5
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Precautions to be followed while using amicrometer

Before using the micrometer for measurement, it is
necessary to ascertain that there is no error in the
micrometer. To find the error, close the jaws of the

Skinning of cables

measuring surfaces using the ratchet. Read the micrometer.
If the thimble zero is coincident with the datum line of the
barrel, erroris zero. Ifitreads higher value, the erroris +ve;
ifitreads lesservalue the difference between zero and the
readvalueis-veerror.

Ifthere is minus error it should be added to the total reading
andifthereis plus error the value should be subtracted from
the total reading.

The faces of the anvil and spindle must be free from dust,
dirtand grease.

While reading the micrometer, the spindle must be locked
with the reading.

Do not drop or handle the micrometer roughly.

Objective: Atthe end of this lesson you shall be able to
« state the method of skinning of cable.

The installation technique for aluminium cables is the
same as that for copper cables. Certain additional
precautions are necessary as aluminium has low
mechanical strength, less current carrying capacity forthe
same area of cross-section, low melting point, and is
quicker in forming oxides on the surface than copper.

Accordingly, while, using aluminium cables proper care is
to be taken regarding the following.

» Handling
» Skinning of the cables
» Connecting the cable ends

Handling: Remember that aluminium conductors when
comparedto copper conductors have lesstensile strength
and lessresistancetofatigue. As such, bending or twisting
ofaluminium conductors while laying the cables should be
avoided as far as possible.

Skinning of cables: While skinning the insulation from
the cables, knicks and scratches should be avoided. As
showninFig 1, the insulation should notbe ringed as there
is a danger of nicking the aluminium conductor while
ringing the insulation with a knife.

Fig 1
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Using the knife as shown in Fig 2 at an angle of 20°to the
axis of the core will avoid knicking of the conductor.

Fig 2

RIGHT METHOD
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Connecting the cable ends

The following problems are encountered while connecting
aluminium cables to the accessories.

The termination holes in the accessories may be
undersized.

This normally happens in old accessories as they are
designed for copper cable ends. Hence, while selecting
accessories, a thorough check is necessary of all
accessoriesto ensure whetherthe holes in the terminating
connectorsas shownin Fig 4 are suitable to accommodate
the specified aluminium conductors. In any case, the
strands should not be cut or the conductor filed as shown
in Fig 3 to enable insertion in the undersized hole as this
operation results in the heating of the cable end on load
condition.

Jointsin electrical conductors are necessary to extend the
cables, overhead lines, and also to tap the electricity to
otherbranchloadswhereverrequired.
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WRONG METHOD

Cable end termination - crimping tool
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Objectives: At the end of this lesson you shall be able to:

* state the necessity of proper termination
* list the different types of terminations

 describe the parts and their functions of crimping tool

* state the advantages of crimping termination

Necessity of termination

Cables areterminated at electrical appliances, accessories
and equipmentetc. for providing electrical connections. All
terminations must be made to provide good electrical
continuity, and made in such a manner as to prevent
contact with other metallic parts and other cables.

Loose terminations willlead to overheating of cables, plugs
and other connecting points due to higher resistance at
those terminations. Fires may also be started due to the
excess heat. Wrong termination like excess or extended
conductor touching metallic part of the equipment may
lead to giving shock to the person who comes in contact
with the equipment.

Touching of strands projecting from one terminal with other
terminal leads to short circuit. To conclude, we can state
thatwrong termination will lead to overheating of terminating
points and cables, short circuits and earth leakage.

Types of termination

Crimp connection: Inthistype of connection the conductor
is inserted into a crimp terminal and is then crimped with
a crimping tool (Fig 1).

Fig 1
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Itisimportantto choose a crimp terminal that matches the
conductor diameter and the dimensions of the connecting
screw terminal. (Figs 2 and 3)
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Insert screw setting: The conductorisinserted between
the terminal block and the special form of washer (Fig 4),
and then the screw is tightened.

Fig 4
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Screw on terminals with loop/ring conductor: A loop
is formed clockwise inthe bare portion of the conductor to
match the size of the screw diameter. Then the loop is
inserted to the screw and tightened. (Fig 5) In the case of
a stranded conductor, soldering of the loop is essential to
preventstrands getting fray.
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Fig 5
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While connecting the plug and socket for extension of the
cable, Line (L), the Neutral (N) and Earth (E) terminals must
be properly identified by markings on them .(Fig 6)

Fig 6
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The colour code while connecting 3 core cable must be
properly followed. Redwireto L, black/blue to N, greenwire
or yellow with green line to E terminal. The earth terminal
in a 3 pin plug is bigger than the other two.

Crimping and crimping tool

Connections and terminals

There is an electrical fire risk if:

+ thecurrent-carrying capacity of the cable isinadequate
» the capacity of the plug is inadequate

+ the insulation is cut back too far

the conductor is damaged while cutting back the
insulation

» the connections are not right

« the cable is not adequately supported at the point of
entry to the plug or to the appliance.

When areinforcing rubber shroud is provided,
ensure that it is used. (Fig 7)

Fig 7
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RUBBER SHROUD FITTING ON CABLE

The ends of cables can be prepared for termination with
lugs by the soldering process or by mechanical means -
compression or crimp fitting.

Incrimp compression fitting, aring-tongued terminal (lug)
isto be compressedto the bared end of an insulated multi-
strand cable. The process is called crimping and the tool
used is called crimping pliers or crimping tool.

Compressiontype connectors apply and maintain pressure
by compressing the connector around the conductor.

The principal purpose of the pressure is to establish and
maintain suitable low contact resistance between the
contact surfaces of the conductor. Improper crimping will
create increased contact resistance and will cause
overheating while carrying electrical load.

Crimpingtools

The crimping pliers illustrated in Fig 1 is of a type which
crimps from 0.5 to 6 mm cables.

HAND CRIMPING PLIERS

ELN1321A1

The tool is operated by squeezing the handles. The jaws
move together, grip and then crimp the fitting. Using the
crimping tool that matches the specific crimp lug will give
the correct crimping force for a properly executed crimp.
Properly executed crimp will indent the top of the lug and
the indentation will hold the conductor securely as shown
in Fig 2.

Fig 2
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CORRECT EXECUTED CRIMPING
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Ifthe terminal has too deep a crimp, the strength of the joint
isreduced. With too shallow a crimp, the electrical contact
has a high resistance. Selection of the correct crimping
tool is essential. A properly crimped terminal is shown in
Fig 3.

Fig 3
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A PROPERLY CRIMPED TERMINAL

Terminal lug crimping pliers are available in lengths ranging
from 180 to 300 mm. Crimping tools are available in sets.
For higher capacity cables crimping tools are operated by
hydraulicforce.

Fig 4 shows another type of crimping tool which crimps
from 26 to 10 SWG.

Fig 4
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The head and jaws, may be removed, by unscrewing the
screws S, and S,. A head with different shaped jaws may
then be secured to the tool. The shape of the jaws
determines the shape of the crimp (indent). Some crimp
sections are shown in Fig 5.

Safety

When using this type of crimping tool care must be taken
not to trap the finger, as the operating cycle of the tool is
non-reversiblei.e. once the handles are squeezedtogether
the jaws can only be released by applying further pressure
to the handles as shown in Fig 4.

Terminal types

It is important to consider both the mechanical and
electrical requirements when selecting a lug connector.

Thefactors are:
» the type of tongue, i.e. rectangular, ring, spade, etc.

the mechanical size, i.e. tongue size and thickness,
hole size etc. for the cable selected

the electrical considerations such asthe currentcarrying
capacity, that may also determine some of the
mechanical dimensions.

The electricaland mechanical requirements forthe lug and
the base material of the lug are decided by the cable
material, and the place of connection will determine the
minimum tongue size and the barrel size. The most
commonly used base materials are copper and brass.
Nickel, aluminium and steel are also used, but less
frequently.

Fig 6 shows some lug connectors normally used in
practice terminals. They are ring, rectangular, spade,
flanged spade etc. Ring and rectangularterminals are not
intended for frequent removal to disconnect the terminal
whereas in spade and flanged spade lugs (terminals) the
screw need not be removed to disconnect.

N—~
TONGUE
RECTANGULAR RING
SPADE FLANGED SPADE

ELN1321A6

LUG CONNECTORS

Precautions for crimping tool application

Do nothandle the job/tool roughly e.g. drop, hammer, etc.
which may harm the tool.

Do notalterthe crimping tool, e.g. alter the shape of the die
etc.
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Do notlet metal chips adhere to the working position of the
tool, particularly onthe lower surface of replaceable die on
the crimping part.

If a pin, spring, etc. is found damaged in the crimping tool,
repair itimmediately.

Apply oxide inhibiting grease to the aluminium conductor
end just before crimping.

Advantages of crimping terminations

1 Aproperly made crimpis betterin electrical conductivity
and mechanical strength.

2 Less costly.

3 When the same size cables are to be terminated
through lug connectors, the crimping process is faster
than soldering.

4 The crimping operation surely needs good skill but
soldering operation needs advanced skills.

5 Heatgeneratedinthe conductor sometimes meltsthe
solderandthe connectionis open circuited. Butcrimped
connection will not open that easily.

Current carrying capacity of copper & aluminium cables - voltage grading

Objectives: At the end of this lesson you shall be able to

« list out the factors for selection of cables

« state the types of protection based on current carrying capacity
* state the size and number of strands available in copper and aluminium cables and their current carrying

capacity

« state the rating factor and determine the current capacity of cables with respect to temperature

« differentiate between solid and stranded conductors.

Selection of cables

The current carrying capacity of a particular area of cross-
section cable depends upon the following factors.

* Type of conductors (metal)

» Typeofinsulation

» Cable runin conduit or in open surface
+ Single or three phase circuit

» Type of protection - coarse or close excess current
protection

* Ambienttemperature
*  Number of cables in bunches

» Lengthofcircuit (permissible voltage drop) - this will be
discussed at a later stage.

Depending upon the above factors the current rating of
cables may vary to a great extent.

Informationinthislesson will enable the wireman to select
the correct cable under normal working conditions.

Current rating of cables based on type of protection

Cables insulated with PVC, may sustain serious damage
when subjected, evenforrelatively short periods, to higher
temperature thanthe temperature permissible for continu-
ous operation.

Therefore, currentratings of cables insulated with PVC are
determined not only by the maximum conductortempera-
ture admissible for continuous rating but also by the
temperature likely to be attained under conditions of
excess current.

Hence, the current rating of cables are given under two
headings:

» cables provided with coarse excess current protection
+ cables provided with close excess current protection.
Coarse excess current protection

Inthis type of protection, circuit protection will not operate
within four hours at 1.5 times the designed load current of
the circuit which it protects.

The devices affording coarse excess current protection
include:

» fuses which are having a fusing factor exceeding 1.5
times the marked rating.

« carriers and bases used in rewirable type electrical
fuses.

Close excess current protection

In this type of protection the circuit protection will operate
within four hours at 1.5 times the designed load current of
the circuit which it protects.

Devicesinclude:

« fuses fitted with fuse links having fusing factor not
exceeding 1.5 times the marked rating (HR C &
cartridge etc.)

¢ miniature and moulded case circuit breakers.

« circuit breakers set to operate at an overload not
exceeding 1.5 times the designed load current of the
circuit.
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Electrical inspectors, who are assigned by the Govern-
ment to test installation and give permission for effecting
supply, now recommend close excess current protection
devices like MCB and HRC fuses to be included in the
circuit for safety to the user and to reduce fire accidents.

Rating factor with respect to protection

For circuits with coarse excess current protection (rewirable
fuse unit) currentrating of cablesis givenin Table 1. Though
the cables can carry a higher value of current than the
current notified in the Table 1, for circuits having coarse
excess current protection, the permissible current in
cables is obtained by multiplying the normal current
capacity by a rating factor of 0.81, whereas for circuits
protected by close current protection the normal current
capacity is multiplied by a rating factor of 1.23.

The following example will clarify the above information.

Normal current carrying capacity of 1.5 sq mm copper
cable = 16 amps (normal rating)

Current capacity of the same cable when protected by
coarse excess current protection (Rating factor 0.81)

= Normal capacity x Rating factor
=16 x0.81 =13 amps.
Close excess current protection (Rating factor 1.23)
= Normal capacity x Rating factor
=16 x1.23 =19.7 = 20 amps.

Current capacity for close excess current protection could
be obtained by the following formula also.

Coarse excess current

protection rating Rating factor of close
= X excess current

Rating factor of coarse protection

protection

Table 1

Current rating for single core PVC insulated sheathed copper and aluminium conductor cables of size 1 to 50 sg. mm at
ambient temperature of 40°c (Refer to IS 694 Part | -1964). (Cables provided with coarse excess current protection.)

Nominal cross- Number and diameter Bunched and enclosed in conduit or trunking
sectional area of wires
2 cables single 3or 4 cables
phase AC or DC 3-phaseAC
mm? Number of strands/ Copper Aluminium Copper  Aluminium
dia, in mm Amps. Amps. Amps. Amps.
1 1/1.12 11 - 9 -
15 1/1.40 13 8 11 7
25 1/1.80 18 11 16 10
4 1/2.24 24 15 20 13
6 1/2.80 31 19 25 16
10 1/1.40 12 26 35 22
16 7/1.70 57 36 48 30
25 7/2.24 71 45 60 38
35 7/2.50 91 55 77 47
50 19/1.80 120 69 100 59
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Rating factor for ambient temperature

Furtherthe currentrating of cablesis greatly affected by the
ambienttemperature. As such if the ambienttemperature

is other than 40°C the current rating shown in the above
table should be multiplied by the rating factor given in
Table 2.

Table 2
SL. | Ambient Temp. °C 25 30 35 40 45 50 55 60 65
No. | Rating factor for
cables
1 Having coarse excess| 1.09 1.06 1.03 1.00 0.97 0.94 0.82 0.67 0.46
current protection
2 Having close excess | 1.22 1.15 1.08 1.00 0.91 0.82 0.70 0.57 0.40
currentprotection
3 Flexible cords -- 1.09 1.04 1.00 0.95 0.77 0.54 - -
Example 1 Advantages of stranded conductors over solid

Find the current rating of 2.5 sq mm, aluminium cable at
50°C. Thecircuitis single phase AC, protected by rewirable
fuses and the cable is run in conduit.

Solution

The protectionis coarse excess current protection. Hence
referring to Table 1 the current rating of 2.5 sq mm
aluminium cable at 40°C is = 11 amps.

Rating factor at 50°C referring to Table 2 =0.94.

The currentrating of 2.5 sq.mm aluminium cable protected
by coarse excess current protection run in conduit and at
ambient temperature of 50°C = 11 x 0.94 = 10 amps.

Example 2

Find the current rating of 4 sq mm copper cable at 60°C,
when used in a 3-phase circuit and the circuitis protected
by HR C fuses.

Solution
The protection is close excess current protection.

Referring to Table 1, the current

rating of 4 sg. mm copper cable for

coarse excess current protection =20 amps
(rewirable fuse) at40°C, when

used in 3 phase circuit is

Current rating for closed excess =(20x1.23)/0.81
current protection at 40°C when

used in 3-phase circuit =30.37 amps.
The rating factor at 60°C is

(Referringto Table 2) =0.57.

Hence, the current rating of 4 sq. mm

copper cable in a circuit protected

by close excess current protection

at an ambient temperature of 60°Cis = 30.37 x 0.57

=17.31 amps
= say 17 amps.

Current rating of flexible cables is given in Table 3.

conductors

As stranded conductors are more flexible, chances of
break of conductors and crack of insulation at the bend is
less. They can be easily handled and laid.

Connections andjoints of stranded conductors are stronger
and have longerlife.

Table 3

Current ratings for copper conductor flexible cords,
insulated with PVC according to BIS No.694

Nominalcross- | Number and Current rating

sectional area diameter of DC, single

of conductor wires phase or 3-
mm? Number/mm phase AC

(Amperes)

0.50 16/0.20 4
0.75 24/0.20 7
1.00 32/0.20 11
1.50 48/0.20 14
2.50 80/0.20 19
4.00 128/0.20 26

Comparison between solid and stranded conductors

Solid conductor Stranded conductor
Rigid. Flexible.
Less mechanical strength. More mechanical
strength
Availableinsquare,round Availableinround
and flat shapes. shapehaving
small diameters.
Used for bus-bars and in Used for cables
the winding of large and wires.

capacity transformers.
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In stranded conductors the insulation has a better grip on

the wire.

Solid conductors between supports of overhead lines may
break due to vibration. This breakage is less in stranded

conductors.

The space between the strands permits flow of oilin U G
cables enabling better insulation properties and cooling.

For a given area of cross- section stranded cables carry

more current than solid conductors.

Table 4 shows the various types of cables.

Various types of electrical cables

Classification of voltage grading

Voltage is classified as

1 Lowvoltage (L.V): Normally not exceeding 250V (i.e.)
from O to 250 volts.

2 Medium voltage (M.V): Exceeding 250V but not ex-
ceeding 650V from 250 to 650 volts

3 Highvoltage (H.V): Exceeding 650V butnotexceeding
33000V.(650-33000volts)

4 Extra high voltage: All voltages above 33000V comes
under this category.

TABLEA4

Type of code Voltage grade Range of Application B.I.S.
Cross applicable
section
in (mm?2)

A.Wiring cable
1 PVCinsulated 250/440,650/ 1.5t050 Domestic/industrial 694 partli
a)non-sheathed single core 1100 wiring in conduits.
Domestic/industrial
wiring in batten.

b) PVC sheathed

i) single core -do- -do- -do-

ii) flat twin-core -do- 15t016 Domestic wiring for

power plug.
iii) flat twin-core 250/440 1.5t050 Domestic/industrial
ECC and 3-core wiring on batten.
iv) circular 2,3 or 4 core 650/1100V 1.5t0 300 Sub-main/industrial.
c)non-sheathed single 250/400 4t05 Temporary wiring 694 part|
core and twisted 650/1100 interconnections,
twin flexible copper household 694 partl&ll
applicances.
d)PVC sheathed circular -do- -do-
twin, 3 and 4 core flexible
copper

e)Single extrusion -do- 1.5t050 Domesticwiring 694 partl,ll

on batten
2 Polythene insulated and PVC

sheathed with aluminium

conductor

a) single core flat & 250/440 1.5t050 Domesticwiring 1596

circular twin core on batten

b) flat twin with ECC & -do- 15t010 -do- 1596

circular
3 Lead alloy sheathed Aluminium Copper

i) single core 1.5t050 1.5t0 50

i) 2,3 and 4-core circular 250/440 7010 625 64.5t0 645

iii) twin & 3 core flat (ECC) 650/1100 15t016 1.5t016 Industrial wiring indamp | 434 partl,li

250/440 corrosive atmosphere.
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Type of code Voltage grade Range of Application B.I.S.
Cross applicable
section
in (mm?2)

4 TRSsheathed

i) single core

i) 2,3 and 4-core circular -do- 1.5t0 50 0.5t0 50 Wiring residential on 434 partl,ll

batten,industrial wiring

iif) Twin & 3 core flat (ECC) -do- 1.5t0 625 64.5 to 645 Residential batten -do-

e) TRS sheathed flexible 15t0161.5t016

f) Fire resisting asbestos 250/440 Welding cables in fire -do-

sheathed 650/1100 hazards.

g) Poly Phropene -do- Training cable for lifts -do-

sheathed flexible -do- and other mobile
equipments
5 Weather-proof cables 250/440 1.50to 50

a)VIR insulated cotton, 650/1100

braided and treated with

weather resistance

compound

b)PVC insulated PVC -do- -do- Service connectionand | 434 partl,li

sheathed otheroutdoor application.| 3035 part|
c)Polythene insulated, taped -do- -do- 3035 partll
braided and compounded
6 Power cables heavy duty

1.1kV grade

PVC insulated PVC

sheathed cable

a)Unarmoured/armoured

i) Single core 650/1100 1.5t0 1000 Armoured cablein 1554

i) Twin core 650/1100 1.5t0 500 singlecore notavailable. | Partl/76

i) Three-core -do- 1.5t0 400 Unarmoured power

iv) Three and a half core -do- 16 to 400 cables are used only in

v) Four core -do- 1.5t0 50 protected places. Use of

copper is banned for
such applications
7 Paperinsulated, lead, 1.1kV 6 t0 625 6 to 625 Dry places, heavy duty, | 692-73
covered, single core, -do- -do- -do- hazardous applications

unarmoured. underground.

a) Twin-core, armoured -do- -do- -do-

b) Three and three and -do- -do- -do- Dry places for cotton 693-1965

half, armoured. braided, otherwise metal
sheathed.
8 Varnished cambricinsulated -do-

N.B. 1 Where material of core is not mentioned, it is aluminium.
2 ECC - Earth continuity conductor.
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