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Electrical                                         Related Theory for Exercise 1.3.30 - 1.3.33
Electrician - Wires - Joints - Soldering - UG cables

Under ground (UG) cables - construction - materials - types - joints - testing
Objectives: At the end of this lesson you shall be able to
• define UG cable
• explain the construction of UG cables
• list  and state the insulating materials used in cables
• list out and state the types of UG cables used for 3 phase service
• state the types of cable joints and laying methods
• expalin the faults and testing procedures of cables.

Under Ground (UG) cables
“A cable so prepared that it can withstand pressure and
can be installed below the ground level and normally two
or more conductors are placed in an UG cablewith sepa-
rate insulation on each conductor”

Electric power can be transmitted (or) distributed either by
over-head lines system or by underground cable system.
The underground cable system have several advantage,
such

Advantages
• Less chance to damage through storms or lightning.

• Low maintenance cost.

• Less chances of fault.

• Not affected by man- made problems like sabotage,
strike etc.

• Voltage regulation in UG cables system is much
better, because they have less inductive losses.

• Better general appearance of area compared to O.H
lines.

Disadvantages
However, their major draw back / disadvantages are

• Initial cost of UG cable system is heavy.

• The cost of joints are more.

• Introduce insulation problems at high voltages
compared with O.H lines.

For these reasons UG cables are employed where it is
impracticable to use O.H lines like (i) thickly populated
areas, where municipal  authorities prohibit O.H lines for
the reason of safety.

ii Around plants

iii In Substations,

iv Where maintenance conditions do not permit the use
of O.H construction.

The UG cable were used many years for distribution of
electric power in congested urban areas to low and
medium voltages. Then with improvement and development
of design, the manufactures have made it possible to use

at high voltage transmission of electric power for same
moderate distances.

General construction of UG cables
An underground cable essentially consists of one or more
conductors covered with suitable insulation and surrounded
by a protecting cover.

Necessity requirements for cables
In general, a cable must fulfill the following necessary
requirements.

i The conductor used in cables should be tinned stranded
copper or aluminum of high conductivity. (Strands of
cable gives flexibility and carry more current).

ii The size of the conductor should be selected, so that the
cable carries the desired load  current without overheating
and limits the voltage drop to a permissible value.

iii The cable must have proper thickness of insulation to
ensure the safety and reliability for the designed voltage.

General construction of UG cables
iv The cable must be provided with suitable mechanical

protection so that it may withstand the rough use in
laying it.

v The materials used in cables should be with complete
chemical and physical stability throughout.

Construction of Cables
Fig 1 shows the general construction of a 3-core cable.
The various parts are:

i) Cores or conductors: A cable may have one or more
than one core (conductor) depending upon the type of
service for which it is intended.  For instance, the 3-

Copyright Free under CC BY Licence



129

conductor cable shown in Fig 1 is used for 3-phase
service.  The conductors are made of tinned copper or
aluminium and are usually stranded in order to provide
flexibility to the cable and having high conductivity.

ii Insulation: Each core or conductor is provided with a
suitable thickness of insulation, the thickness of layer
depending upon the voltage to be withstood by the
cable.  The commonly used materials for insulation
are impregnated paper, varnished cambric or rubber
mineral compound. Petrolium jelly is applied  to the
layers of the cambric to prevent damage.

iii Metallic sheath: In order to protect the cable from
moisture, gases or other damaging liquids (acids or
alkalies) in the soil and atmosphere, a metallic sheath
of lead or aluminium is provided over the insulation as
shown in Fig 1. The metallic sheath is usually a lead
or lead alloy.

iv Paper Belt: Layer of imprignated paper tape is wound
round the grouped insulated cores. The gap in the cores
is filled with fibrous insulating material (jute etc.)

v Bedding: Over the metallic sheath is applied a layer of
bedding which consists of a fibrous material like jute
or hessian tape.  The purpose of bedding is to protect
the metallic sheath against corrosion and from
mechanical injury due to armouring.

vi Armouring: Over the bedding, armouring is provided
which consists of one or two layers of galvanized steel
wire or steel tape.  Its purpose is to protect the cable
from mechanical injury while laying it and during the
course of handling.  Armouring may not be done in the
case of some cables.

vii Serving: In order to protect armouring from atmospheric
conditions, a layer of fibrous material (like jute) similar
to bedding is provided over the armouring.  This is known
as serving.

It may not be out of place to mention here that bedding,
armouring and serving are only applied to the cables for
the protection of conductor insulation and to protect the
metallic sheath from mechanical injury.

Insulating materials for cables
The satisfactory operation of a cable depends to a great
extent upon the characteristics of insulation used.
Therefore, the proper choice of insulating material for cables
is of considerable importance.  In general, the insulating
material used in cables should have the following properties:

i) High insulation resistance to avoid leakage current.

ii) High dielectric strength to avoid electrical breakdown
of the cable.

iii) High mechanical strength to withstand the mechanical
handling of cables.

iv) Non-hygroscopic i.e. it should not absorb moisture from
air or soil The moisture tends to decrease the insulation
resistance and hastens the breakdown of the cable.

In case the insulating material is hygroscopic, it must
be enclosed in a waterproof covering like lead sheath.

v) Non-inflammable

vi) Low cost compared to O.H. system.

vii) Unaffected by acids and alkalies to avoid any chemical
action.

The type of insulating material to be used depends upon
the purpose for which the cable is required and the quality
of insulation to be aimed at.

The principal insulating materials used in cables are

(i) Rubber

(ii) Vulcanized India rubber

(iii) Impregnated paper

(iv) Varnished cambric and

(v) Polyvinyl chloride.

1 Rubber: Rubber may be obtained from milky sap of
tropical trees or it may be produced from oil products.  It
has relative permittivity varying between 2 and 3, dielectric
strength is about 30 KV/mm and resistivity of insulation is
1017 Ω cm.
It suffers from some major drawbacks viz readily
(i)   absorbs moisture
(ii)  maximum safe temperature is low (about 380 C)
(iii) soft and liable to damage due to rough handling
     and ages when exposed to light.
Therefore, pure rubber cannot be used as an insulating
material.

2 Vulcanised Indian Rubber (V.I.R.) : It is prepared by
mixing pure rubber with mineral matter such as zinc oxide,
red lead etc. and 3 to 5% of sulphur. The compound so
formed is rolled into thin sheets and cut into strips.  The
rubber compound is then applied to the conductor and is
heated to a temperature of about 150°C.  The whole,
process is called vulcanization and the product obtained
is known as Vulcanized Indian Rubber.
Advantages: Vulcanised India rubber has greater
mechanical strength, durability and water resistant property
than pure rubber.
Disadvantages: Its main drawback is that sulphur reacts
quickly with copper. So, cables using VIR insulation must
have tinned copper conductor.  The VIR insulation is
generally used for low and moderate voltage cables.
3 Impregnated paper: It consists of chemically pulped
paper made from wood chippings and impregnated with
some compound such as paraffinie or naphthenic material.
Aadvantages:
(i) Low cost
(ii) Low capacitance
(iii) High dielectric strength and
(iv) High insulation resistance.
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Disadvantages:
(i)  The paper is hygroscopic and even if it is impregnated

with suitable compound
(ii) It absorbs moisture and thus lowers the insulation

resistance of the cable.
For this reason, paper insulated cables are always provided
with some protective covering and are never left unsealed.
If it is required to be left unused on the site during laying,
its ends are temporarily covered with wax or tar.
Since the paper-insulated cables have the tendency to
absorb moisture, they are used where the cable route has
a few joints.  For instance, they can be profitably used for
distribution at low voltages in congested areas where the
joints are generally provided only at the terminal apparatus.
However, for smaller installations, where the lengths are
small and joints are required at a number of places, VIR
Cables will be cheaper and durable than paper insulated
cables.

4 Varnished cambric: It is a cotton cloth impregnated
and coated with varnish.  This type of insulation is also
known as empire type.  The cambric is lapped on to the
conductor in the form of tape and its surface is coated
with petroleum jelly compound to allow for the sliding of
one turn over another as the cable is bent.  As the varnished
cambric is hygroscopic, therefore, such cables are always
provided with metallic sheath.  Its dielectric strength is
about 4 KV/mm and permittivity is 2.5 to 3.8.

5 Polyvinyl chloride (PVC): This insulating material is
a synthetic compound.  It is obtained from the
polymerization of acetylene and is in the form of white
powder.  For obtaining this material as a cable insulation,
it is compounded with certain materials known as
plasticiser which are liquids with high boiling point.

Advantages:
(i) It has high insulation resistance

(ii) Good dielectric strength

(iii) Mechanical toughness over a wide range of temperature.

This type of insulation is preferred over VIR in extreme
environmental conditions such as in cement factory or
chemical factory.

Classification of cables
Cables for underground service may be classified in two
ways according to (i) the type of insulating material used
in their manufacture (ii) the voltage for which they are
manufactured.  However, the later method of classification
is generally preferred as

(i) Low-tension (L.T) cables – upto 1100 V

(ii) High-tension (H.T) cables – upto 11,000 V

(iii)Super-tension (S.T cables – from 22 KV to 33 KV

(iv) Extra high-tension (E.H.T) cables – from 33 to 66 KV

(v) Extra super voltage cables – beyond 132 KV

A cable may have one or more than one core depending
upon the type of service for which it is intended.  It may be
(i) single-core (ii) two-core (iii) three-core (iv) four-core etc.
For a 3-phase service, either 3-single core cables or three-
core cable can be used depending upon the operating
voltage and load demand.

Fig 2 shows the constructional details of a single-core low
tension cable. The cable has ordinary construction because
the stresses developed in the cable for low voltages (upto
6600 V) are generally small.  It consists of one circular
core of tinned stranded copper (or aluminium) insulated
by layers of impregnated paper.  The insulation is
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surrounded by a lead sheath which prevents the entry of
moisture into inner parts.  In order to protect the lead sheath
from corrosion, an overall serving of compounded fibrous
material (jute etc.) is provided.  Single-core cables are not
usually armoured in order to avoid excessive sheath losses.
The principal advantages of single-core cables are simple
construction and availability of large copper section.

Cables for 3-Phase Service
In practice, underground cables are generally required to
deliver 3-phase power.  For the purpose, either three-core
cables or three single core cables may be used.  For
voltages upto 66 KV, 3-core cable (i.e. multi-core
construction) is preferred due to economic reasons. The
following types of cables are generally used for 3-phase
service.

1. Belted cables – upto 11 KV

2. Screened cables – from 22 KV to 66 KV

3. Pressure cables – beyond 66 KV

1. Belted cables
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These cables are used for voltages upto 11 KV but in
extraordinary cases, their use may be extended upto 22
KV.  Fig 3 shows the constructional details of a 3-core
belted cables.  The cores are insulated from each other
by layers of impregnated paper.

Another layer of impregnated paper tape called paper belt
is wound round the grouped insulated cores.  The gap
between the insulated cores is filled with fibrous insulating
material (jute etc.) The belt is covered with lead sheath to
protect the cable against ingress of moisture and
mechanical injury.

The belted type construction is suitable only for low and
medium voltages as the electrostatic stresses developed
in the cables for these voltages are more or less radial i.e.
across the insulation.  However, for high voltages (beyond
22 KV), the tangential stresses also become important.

2. Screened cable
These cables are meant for use upto 33 KV but in particular
cases their use may be extended to operating voltages
upto 66 KV.  Two principal types of screened cables are
H-type cable and S.L. type cables.

(i) H-type cables.  This type of cable was first designed
by H. Horchstadter and hence the name. Fig 4 shows the
constructional details of a typical 3-core, H-type cable.
Each core is insulated by layers of impregnated paper.
The insulation on each core is covered with a metallic
screen which usually consists of a perforated aluminium
foil.

The S.L type cables have two main advantages over H-
type cables.

a) The separate sheaths minimize the possibility of core-
to-core breakdown.

b) Bending of cables become easy due to the elimination
of overall lead sheath.

The disadvantage is that the three lead sheaths of S.L.
cable are much thinner than the single sheath of H-cable
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The cable has no insulating belt but lead sheath, bedding,
armouring and serving follow as usual. As all the four
screens (3 core screens and one conducting belt) and the
lead sheath are at earth potential.

Advantages:
• The posibility of air pockets or volds in the dielectric is
eleminated

• The metalic screen increase the heat dissipating power
of the cable

(ii) S.L. type cables  Fig 5 shows the constructional
details of 3-core S.L (separate lead) type cable.  It is
basically H-type cable but the screen round each core
insulation is covered by its own lead sheath.  There is no
overall lead sheath but only armouring and serving are
provided.

Limitations of solid type cables
All the cables of above constructions are referred to as
solid type cables because solid insulation is used and no
gas or oil circulates in the cable sheath.  The voltage limit
for solid type cables is 66 KV due to the following reasons:

a. As a solid cable carries the load, its conductor
temperature increases and the cable compound (i.e.
insulating compound over paper) expands.  This action
stretches the lead sheath which may be damaged.

b. When the load on the cable decreases, the conductor
cools and a partial vacuum is formed within the cable
sheath.  If the pinholes are present in the lead sheath,
moist air may be drawn into the cable.  The moisture
reduces the dielectric strength of insulation and may
eventually cause the breakdown of the cable.

c. In practice, voids are always present in the insulation
of a cable.  Modern techniques of manufacturing have
resulted in void free cables.  However, under operating
conditions, the voids are formed as a result of the
differential expansion and contraction of the sheath and
impregnated compound.

3. Pressure cables
For voltages beyond 66 KV, solid type cables are unreliable
because there is a danger of breakdown of insulation due
to the presence of voids. When the operating voltages are
greater than 66 KV, pressure cables are used.  In such
cables, voids are eliminated by increasing the pressure of
compound and for this reason they are called pressure
cables.  Two types of pressure cables viz oil filled cables
and gas pressure cables are commonly used.

(i) Oil filled cables.   In such type of cables, channels of
ducts are provided in the cable for oil circulation.  The oil
under pressure (it is the same oil used for impregnation)
is kept constantly supplied to the channel by means of
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external reservoirs placed at suitable distances (say 500
m) along the route of the cable.

Oil under pressure compresses the layers of paper
insulation and is forced into any voids that may have formed
between the layers.  Due to the elimination of voids, oil-
filled cables can be used for higher voltages, the range
being from 66 KV upto 230 KV.

Oil-filled cables are of three types viz.

(i) Single-core conductor channel

(ii) Single-core sheath channel and

(iii) Three-core filler-space channels.

(i) Single-core Conductor channel
Fig 6 shows the constructional details of a single-core
conductor channel, oil-filled cable.  The oil channel is formed
at the centre by stranding the conductor wire around a
hallow cylindrical steel spiral tape. The oil under pressure
is supplied to the channel by means of external reservoir.
As the channel is made of spiral steel tape, it allows the
oil to percolate between copper strands to the wrapped
insulation.

The oil pressure compresses the layers of paper insulation
and prevents the possibility of void formation. The
disadvantage of this type of cable is that  the channel is at
the middle of the cable which is at full voltage w.r.t earth,
so that a very complicated system of joints is necessary.

(ii) Single-core sheath channel (Fig 7)
In this type of cable, the conductor is solid similar to that
of solid cable and is paper insulated.  However, oil ducts
are provided in the metallic sheath.
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Advantages
(a) Formation of voids and ionization are avoided.

(b) Allowable temperature range and dielectric strength
are increased.

(c) If there is leakage, the defect in the lead sheath is at
once indicated and the possibility of earth faults is
decreased.

Disadvantages
(a) High initial cost and complicated system of laying

(ii) Gas pressure cables. The voltage required to set up
ionization inside a void increases as the pressure is
increased.  Therefore, if ordinary cable is subjected to a
sufficiently high pressure, the ionization can be altogether
eliminated.  At the same time, the increased pressure
produces radial compression which tends to close any
voids.  This is the underlying principle of gas pressure
cables.

Fig 9 shows the section of external pressure cable designed
by Hockstadter, Vogal and Bowden.  The construction of
the cable is similar to that an ordinary solid type except
that it is of triangular shape and thickness of lead sheath
is 75% that of solid cable.  The triangular section reduces
the weight and gives low thermal resistance but the main
reason for triangular shape is that the lead sheath acts as
a pressure membrane.  The sheath is protected by a thin
metal tape.  The cable is laid is a gas-tight steel pipe.

In the 3-core oil-filled cable shown in Fig 8, the oil ducts
are located in the filler space.  These channels are
composed of perforated metal-ribbon tubing and are at
earth potential.

The pipe is filled with dry nitrogen gas at a pressure of 12
to 15 atmospheres.  The gas pressure produces radial
compression and closes the voids that may have formed
between the layers of paper insulation.

Advantages:
a) Cables can carry more load current

b) Operate at higher voltages than a normal cable.
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The choice of any of the systems given above depends on

(i) The actual installation conditions

(ii) Inital cost of laying

(iii)  Maintenance and repair charges

(iv) Deisred care in replacement of any cable or adding
new cables for the future.

As far as the possible cable should be laid along the roads
and streets. Power and communication cables should
cross at right angles.

During the preliminary stages of laying the cable,
consideration should be given to a proper location of the
joints position so that when the cable is actually laid, the
joints are made in the most suitable places.

As far as possible water logged locations, carriage ways,
pavements, proximity to telephone cables, gas or water
mains in accessible places, ducts pipes, racks etc shall
be avoided for joint position.
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c) Maintenance cost is small and the nitrogen gas helps
in quenching any flame.

Disadvantages:
The overall cost is very high.

Further the cables are also classified according to their
insulation system as under:

PVC insulated cables (Poly vinyl chloride)

MI cables (Mineral insulation)

PILC cables (Paper insulated lead covered)

XLPE cables (Cross linked poly ethylene)

PILCDTA cables (Paper insulated lead covered
double tape armoured)

The specification of underground cables
The cables shall carry the following information either
labelled or stenciled on the reel or drum or container.

1 Reference to the Indian Standard; for example Ref. IS
694-1977.

2 Manufacturer’s name, brand name or trademark.

3 Type of cable and voltage grade.

4 Number of cores.

5 Nominal cross-sectional area of conductor.

6 Cable code.

7 Colour of cores (in case of single core cables)

8 Length of cable on the reel, drum or coil

9 Number of lengths on the reel, drum or coil (if more
than one).

10 Direction of rotation of drum (by means of arrow).

11 Approximate gross weight.

12 Country of manufacturing.

13 Year of manufacture.

Fig 10 shows  the paper insulated 3 phase 3 ½ core cable.

UG cables laying method
The reliability of the underground cable (UG) installation
depends upon the proper laying and attachment of fittings
(i.e) cable and boxes, joints, branch connectors etc.

Methods of laying of UG cables
The following are the methods of laying underground cables

1 Laying direct in ground

2 Laying in ducts

3 Laying on racks in air.

4 Laying on racks inside a cable tunnel.

5 Laying along buildings or structures.
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