
Mechanical Considerations for T.L. Design:

• The conductors and line supports should
have sufficient mechanical strength:

- to withstand conductor weight, Conductor
Tension and weather conditions (wind, ice).

- The Spans between the towers can be long.

- Sag will be small.

- Reducing the number and height of towers
and the number of insulators.





Main components of Overhead lines:

(i) Conductors

(ii) Supports 

(iii) Insulators

(iv) Cross arms

(v) Miscellaneous 



LINE SUPPORTS



Properties:

• High mechanical strength to withstand       
weight of conductor

•Light in weight

•Cheap in cost

•Longer life

•Easy accessibility of conductor for 
maintenance



TYPES OF LINE  SUPPORTS:-

• Upto 33kV: 

• Wooden poles (11kV)

• Steel poles

• RCC poles

• Above 33kV

• Lattice steel towers



Wooden poles 

• Shorter span upto 50 m

• Less cost & used for distribution purpose in rural 
areas

• Pesticides required e.g creosote oil

• Used for voltage upto 20 kv

• Smaller life(20-25 years)

• Less mechanical strength

• Made of Sal or Chir 

• Moderate cross-sectional area





Wooden Poles





Steel Poles

•Greater mechanical strength

•Longer life

•Larger spans

•Used for distribution purpose in cities

• Three types: 

Rail poles

Tubular poles

Rolled steel joints





Steel Poles 



RCC(Reinforced concrete poles):-

• Greater mechanical strength

•Longer life

•Longer spans

•Good outlook

•Little maintenance

•Good insulating properties

Two Types:-

Single pole

Double poles





Reinforced Concrete Poles





Steel towers :-

• Longer life

•Longer span

•Greater mechanical strength

•For long distance at high voltage

•Tower footings are usually grounded by
driving rods into the earth .This minimizes
lightning troubles as each tower acts as
lightning conductor.





Types of Towers
From the electrical point of view, the most important requirement is 

insulation and safe clearances to earthed parts. These, together with the 
cross-section of conductors, the spacing between conductors, and the 
relative location of ground wires with respect to the conductors, influence 
the design of towers and foundations. The conductors, ground wires, 
insulation, towers and foundations constitute the major components of a 
transmission line.

1- Suspension Tower or  Tension Tower
2- Angle Tower
Based on numbers of circuits carried by a transmission tower, it can be 

classified as-
• Single circuit tower
• Double circuit tower
• Multi circuit tower.



1- Suspension or Tangent  Tower
Tangent (suspension) towers Suspension towers are used primarily on tangents, but often 
are designed to withstand angles in the line upto 2° in addition to the wind, ice, and 
broken conductor loads. 



2- Angle Tower
used where the line makes a horizontal angle greater than 2°. 
In addition to the usual wind, ice and broken conductor loads, they are necessarily heavier than 
suspension towers. 
1. Light angle - 2 to 15 degrees line deviation.
2. 2. Medium angle - 15 to 30 degrees line deviation. 
3. 3. Heavy angle - 30 to 60 degrees line deviation and dead ends. 





INSULATORS

if overhead power lines are not properly insulated from their support poles/towers, 
the current will flow towards the ground through the poles/towers which also become 
hazardous, overhead power lines are always supported on insulators mounted on their 
support poles/towers.

Some materials such as glass, paper and Teflon, which have high resistivity, are very 
good electrical insulators.
Most commonly used material for overhead line insulators is porcelain. 

Properties:

1. high mechanical strength in order to withstand the conductor load, wind load etc.
2.high electrical resistance in order to minimize the leakage currents
3.high relative permittivity of insulating material so that the dielectric strength is high
4.high ratio of puncture strength to flashover

http://www.electricaleasy.com/2016/03/basics-of-electrical-power-transmission.html


TYPES

• Pin type :- For transmission and distribution upto 33 kV 

•Suspension type :- For voltage greater than 33 kV

•Strain type:- For dead ends, corner  or sharp curve 

•Shackle type:- For low voltage distribution lines & can 
be used either in a horizontal or vertical position

•Stay Insulator



Pin type
used in distribution systems up to 33 kV
Beyond operating voltage of 33kV, pin insulators become too bulky and uneconomical.

They are secured on the cross arms of the pole to carry power lines. 
There is a groove on the upper end of a pin insulator for housing the conductor.
Conductor wire is passed through this groove and secured by binding with the same wire as 
of conductor.
Insulation Failure
Flash-over: In insulator flash-over, electrical discharge occurs by forming an arc between the 
line conductor and the insulator pin (which is connected to the cross-arm). The discharge 
jumps through the air surrounding the insulator following the shortest distance. In case of a 
flash-over, the insulator continues to act according to its designed capacity unless it gets 
destroyed due to the excess heat.
Puncture: In case of insulator puncture, electrical discharge occurs from conductor to pin 
through the body of the insulator. Sufficient thickness of porcelain (or the insulator 
material) must be provided to avoid a puncture breakdown. When such breakdown is 
involved, the insulator is permanently damaged.

http://www.electricaleasy.com/2016/07/types-of-conductors-used-in-overhead-lines.html


Suspension type

• consists of a number of porcelain discs connected to each 
other with metal links in the form of a string. 

• Line conductor is suspended at the bottom end of the 
suspension string which is secured to cross-arm of the tower. 
Each disc is designed for a low voltage, say 11 kV. The 
number of discs in a string depends on the working voltage. -

- preferred for transmission lines.

http://www.electricaleasy.com/2016/03/basics-of-electrical-power-transmission.html


• Advantages Of Suspension Insulators

• Each unit of disc is designed for a low voltage, say 11 kV. Hence, 
depending upon the working voltage, desired number of discs can be 
connected in series to form an insulator string suitable for particular 
voltage.

• If any of the discs in insulator string is damaged, it can be replaced 
easily. Replacement of the whole string is not required.

• In case of increased demand on the line, the line voltage can be 
increased and the additional insulation required for the raised 
voltage can be easily provided by adding the desired number of discs 
in the insulator strings.

• As the line conductors are suspended by suspension strings, they run 
below the earthed cross-arms of the towers. This arrangement 
provides partial protection from lightning.

• The suspension arrangement provides greater flexibility to the line. 
Suspension insulators are allowed to swing so that they can take up 
the position where mechanical stresses are minimum.

http://www.electricaleasy.com/2016/04/economic-choice-of-transmission-voltage.html


strain insulators are used at dead ends or sharp corners. 
For high voltage transmission lines, stain insulator consists of an assembly of suspension 
insulators. In this case, the suspension string is arranged horizontally and the insulator discs 
are in vertical plane. T
wo or more suspension strings can be assembled in parallel to sustain greater tensions. 
For low voltage lines (less than 11 kV), shackle insulators are used as strain insulators.

strain insulators 



-Used  in low voltage distribution lines as strain insulators. 
-can be used vertically as well as horizontally and it can be directly fixed to a pole with a 
bolt or to the cross arm. 
.

Shackle insulators 





shunt capacitance = k * self-capacitance

String efficiency = Voltage across the 
string / (number of discs X voltage across the 
disc nearest      to the conductor).



Methods Of Improving String Efficiency

(I) Using Longer Cross Arms: Lesser the value of k, the greater is the string efficiency. 
k can be decreased by reducing the shunt capacitance.( the distance between the 

insulator string and the tower should be increased, i.e. longer cross-arms should be used.)

.
(Iii) By Using A Guard Or Grading Ring
A guard ring or grading ring is basically a metal ring which is electrically connected to the 
conductor surrounding the bottom unit of the string insulator. The guard ring introduces 
capacitance between metal links and the line conductor which tends to cancel out the shunt 
capacitances. As a result, nearly same charging current flows through each disc and, hence, 
improving the string efficiency..



(Ii) Grading or Capacitance Grading of Insulator Discs
voltage across each disc can be equailized by using discs with different capacitances.
the top unit of the string must have minimum capacitance, while the disc nearest to the 

conductor must have maximum capacitance. The insulator discs of different dimensions are so 
chosen that the each disc has a different capacitance. They are arranged in such a way that the 
capacitance increases progressively towards the bottom. As voltage is inversely proportional to 
capacitance, this method tends to equalize the voltage distribution across each disc

Assignment: testing of Insulator


