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UNIT-4
UNDER GROUND CABLES

II EEE II-SEM- POWER SYSTEMS-1



INTRODUCTION
⮚ Cable:  Simply a metallic conductor designed to carry current.

⮚ These are classified as-over head cable & under ground 
cables

⮚ Under ground cables:  Cables which are used in underground 
to transfer data.  It consists of 2 or more conductors provided 
with strong insulation & is surrounded  by a cover.

⮚ Why under ground cables?

✔ Less chances of faults, 

✔ more safety at very high voltages, 

✔ long life



Requirements of Cables
⮚ Cables must high conductivity, made of stranded copper or 

alluminium.

⮚ Carries desired current without over heating with less voltage 
drop

⮚ Thick insulation to provide better safety & high reliable

⮚ Good mechanical strength in design

⮚ Materials used should with stand chemical & physical changes



Construction of Cables

⮚ Cores or Conductors:- A cable may have one or more than
one tinned copper or aluminum (conductor) depending upon
the type of service and are usually stranded in order to provide
flexibility to the cable.

⮚ Insulation.:- Each core or conductor is provided with a suitable
thickness of insulation, The commonly used materials for
insulation are impregnated paper, varnished cambric or rubber
mineral

⚫ compound.
⮚ Metallic sheat :-. Protect the

⚫ cable from moisture which is                                                     
usually made lead or aluminium is 

⚫ provided over the insulation
⮚ Bedding :- fibrous material like jute
⚫ or hessian tape. Used to protect 
⚫ Cable from mechanical damage



Construction of Cables
⮚ Armoring:- Over the bedding, armouring is provided which 

consists of one or two layers of galvanised steel wire or steel 
tape used to protect the cable from mechanical damage.

⮚ Serving:- In order to protect armouring from atmospheric 
conditions, a layer of fibrous material (like jute) similar to 
bedding

Classification of Cables
⮚ Three ways based on (i) the type of insulating material 

ii) voltage
iii) Type of service

⮚ cables can be divided into the following groups based on 
voltage :

⚫ (i) Low-tension (L.T.) cables — upto 1000 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 kV to 66 kV
⚫ (v) Extra super voltage cables — beyond 132 kV



Classification of Cables
⮚ Type of service & load demand.

It may be (i) single-core  (ii) two-core  (iii) three-core  (iv) four-
core etc.

Fig shows construction view of single core cable



Classification of Cables

⮚ Cables for 3-Phase Service
❖ For voltages upto 66 kV, 3-core cable voltages

❖ beyond 66 kV, 3-core-cables become too large single-core 
cables are

used

TYPES OF CABLE 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.



TYPES OF CABLE FOR 3 PHASE SERVICE
Belted cables:-
⮚ cables are used for voltages upto 11kV
⮚ Insulation used is impregnated paper.
⮚ Gap between the insulated cores is filled
with fibrous insulating material.
⮚ lead sheath to protect the cable
against moisture and mechanical damage.

Draw back:
Leakage current  causes heating of cable 
results  damage of  insulation          

Classification of Cables



Classification of Cables

TYPES OF CABLE FOR 3 PHASE SERVICE

2. SCREENED CABLES :-
⮚ It is used where leakage currents are conducted to earth.
⮚ used upto 33 kV
⮚ These are H type cables and S.L. type cables.

❖ (i) H-type cables:-
✔ Insulation used is layers of impregnated

paper.
✔ Each core covered with aluminum foil

called metallic screens contact with
each core.

✔ conducting belt (copper woven fabric tape)
wrapped round the three cores. 

✔ The electrical stresses are purely radial 

and consequently dielectric losses are reduced.



Classification of Cables

TYPES OF CABLE FOR 3 PHASE SERVICE

2. SCREENED CABLES :-

ii) S.L. type cables:  It is also called as separate lead cables. Each 
core insulation is covered by its own lead sheath. 

⮚ No over all lead sheath only armouring and serving are provided.



TYPES OF CABLE FOR 3 PHASE SERVICE

⮚ Advantages of S.L. type cables :-
i)  separate sheaths minimize the possibility of core-to-core 

breakdown

ii) bending of cables becomes easy due to the elimination

of overall lead sheath

⮚ Dis-Advantages of S.L. type cables :-

S.L. cable are much thinner than the single sheath of H-cable



3. Pressure cables
⮚ voltages beyond 66 kV, solid type cables are unreliable due to

insulation problems. So Pressure cables is needed.

⮚ Two types of pressure cables 

i) Oil-filled cables and ii) gas pressure cables

i) Oil-filled cables: channels or ducts are provided in the cable for 
oil circulation at constant pressure. 

⚫ Oil compresses the insulation to

Minimizes the gaps(voids) between                                                           
the paper.

Due to the elimination of voids, 

oil-filled cables for higher voltages

from 66 kV upto 230 kV.



⮚The voltage required to set up ionization inside a void
increases as the pressure is increased.

⮚The construction of the cable is similar to that of an
ordinary solid type except that it is of triangular shape
and thickness of lead sheath is 75% that of solid cable.

⮚The sheath is protected by a thin metal tape. The cable
is laid in a gas-tight steel pipe. The pipe is filled with dry
nitrogen gas at 12 to 15 atmosphere which acts as
quenching the flame

⮚The gas pressure produces radial compression and 
closes the voids.

⮚disadvantage that the overall cost is very high.

(ii) Gas pressure cables.



Fig shows Gas pressure cables.



Types of insulating materials for cables

⮚insulating materials used in cables should have the 
following properties.
⮚High insulation resistance to avoid leakage currents
⮚High dielectric strength to avoid electrical breakdown
⮚High mechanical strength
⮚Non-hygroscopic- not absorb any moisture
⮚Non-inflammable
⮚Unaffected by acids and alkalies to avoid any chemical 
action



Types of insulating materials for cables

⮚Rubber. It has relative permittivity varying between 2 
and 3, dielectric strength is about 30 kV/mm and 
resistivity of insulation is 1017Ω cm
⮚it suffers form some major drawbacks viz., readily 
absorbs moisture, maximum safe temperature is low
(about 38ºC), 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.
⮚Vulcanized India 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, operating 
temperature is 150 degree centigrade.
⮚Advantage : greater mechanical strength, durability 
and wear resistant property than pure rubber . 
⮚Draw back sulphur reacts very quickly with copper, 
used for low & moderate voltages.



TYPES OF INSULATION MATERIALS

⮚ IMPREGNATED PAPER:- It consists of chemically pulped paper 
made from wood chippings and impregnated with some 
compound such as paraffinic or naphthenic material.

⮚ Advantages:- low cost, low capacitance, high dielectric strength 
and high insulation resistance.

⮚ disadvantage is that paper is hygroscopic able to absorb moisture.

⮚ VARNISHED CAMBRIC: It is a cotton cloth impregnated and 
coated with petroleum jelly varnish. This type of insulation is also 
known as empire tape.

⮚ 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.



⚫ Polyvinyl chloride (PVC). This insulating material is a
synthetic compound. It is obtained from the
polymerisation of acetylene For obtaining this material
as a cable insulation, it is compounded with certain
materials known as plasticizers which are liquids with
high boiling point over desired range of temperature.

⚫ Polyvinyl chloride has high insulation resistance, good
dielectric strength and mechanical toughness over a
wide range of temperatures. It is inert to oxygen and
almost inert to many alkalies and acids. Therefore, this
type of insulation is preferred over VIR in extreme
enviormental conditions such as in cement factory or
chemical factory. As the mechanical properties (i.e.,
elasticity etc.) of PVC are not so good as those of
rubber, therefore, PVC insulated cables are generally
used for low and medium domestic lights and power
installations.



⚫ Insulating material used in cable is to prevent leakage currents

⚫ path for leakage current is radial & is opposed by some resistance is called 
insulation resistance.

⚫ Consider a single-core

Let r1 = conductor radius

r2 = internal sheet radius

l = length of cable, r be the resistivity

dx = thickness of insulation of X radius

Leakage current flows through out length is dx

Area of X-section A = 2pxl

Insulation resistance R = ρ
ⅆ𝒙

𝟐 ς 𝒙𝒍

Insulation resistance of the whole cable is

Insulation Resistance of a Single-Core Cable



A single-core cable has a conductor diameter of 1cm and insulation

thickness of 0·4 cm. If the specific resistance of insulation is 5 × 1014 Ω-cm,

calculate the insulation resistance for a 2 km length of the cable.

Solution:-

Conductor radius, r1 = 1/2 = 0·5 cm

Length of cable, l = 2 km = 2000 m

Resistivity of insulation, ρ = 5 × 1014 Ω-cm = 5 × 1012 Ω-m

Internal sheath radius, r2 = 0·5 + 0·4 = 0·9 cm

Insulation resistance of cable is R = ρ
ⅆ𝒙

𝟐 ς 𝒙𝒍

= 0·234 × 109 Ω



Example 2: The insulation resistance of a single-core cable is 495 
MΩ per km. If the core diameter is 2·5 cm and resistivity of 

insulation is 4·5 × 1014 Ω-cm, find the insulation thickness.

Solution:

Length of cable, l = 1 km = 1000 m

Cable insulation resistance, R = 495 MΩ = 495 × 106Ω

Conductor radius, r1 = 2·5/2 = 1·25 cm

Resistivity of insulation, ρ = 4·5 × 1014 Ω-cm = 4·5 × 1012Ωm

Let r2 cm be the internal sheath radius.



single core cable 5 km long has an insulation resistance of 0·4 MΩ. The
core diameter is 20 mm and the diameter of the cable over the insulation is
50 mm. Calculate the resistivity of the insulating material.
Solution:-

Length of cable, l = 5 km = 5000 m

Cable insulation resistance, R = 0·4 MΩ = 0·4 × 106Ω

Conductor radius, r1 = 20/2 = 10 mm

Internal sheath radius, r2 = 50/2 = 25 mm

∴ Insulation resistance of the cables is



Capacitance of a Single-Core Cable

⚫ The conductor (or core) of the cable is the inner cylinder while the outer 
cylinder is represented by lead sheath which is at earth potential.

⚫ Consider a single core cable
Let conductor diameter = d
inner sheath diameter = D
charge per metre axial length = Q
permittivity of the insulation material between
core and lead sheath = e,   ε = εo εr

 Consider a cylinder of radius x metres
and axial length 1 metre

 surface area of this cylinder is = 2πx*1 = 2πxm2

 Electric flux density at any point P

 work done in moving a unit positive charge from conductor to sheath,




























































































