
         

4. OVERHEAD INSTALLATION    1 

4.1    Main components of Overhead lines: 

        An overhead line may be used to transmit or distribute electric power. The successful operation 

of an overhead line depends to a great extent upon the mechanical design of the line. 
While constructing an overhead line, it should be ensured that mechanical strength of the line is 
such so as to provide against the most probable weather conditions. In general, the 
main components  of an overhead line are: 

 
(i)  Conductors- which carry electric power from the sending end station to the receiving end        

station. 

(ii)  Supports- which may be poles or towers and keep the conductors at a suitable level above 
the ground. 

(iii)  Insulators- which are attached to supports and insulate the conductors from the ground. 
(iv)  Cross arms- which provide support to the insulators. 
(v)  Miscellaneous items- such as phase plates, danger plates, lightning arrestors, anti-

climbing wires etc. 

 

Line Support: 

The supporting structures for overhead line conductors are various types of poles and towers called 
line support. In general, the line supports should have the following properties : 

 Mechanical strength to withstand the weight of conductors and wind loads etc. 
 High Light in weight without the loss of mechanical strength. 

 Cheap in cost and economical to maintain. 
 Longer life, 

1.Wooden poles:  

a. These are made of seasoned wood (sal or chir) and are suitable for lines of moderate X-
sectional area and of relatively shorter spans, say upto 50 metres.  

b. Such supports are cheap, easily available, provide insulating properties and, therefore, are 

widely used for distribution purposes in rural areas as an economical proposition. 

c. In order to prevent this, the portion of the pole below the ground level is impregnated with 
preservative compounds like creosote oil.  

d. Double pole structures of the ‘A’ or ‘H’ type are often used to obtain a higher transverse 
strength than could be economically provided by means of single poles. 

 

 

 

 

 

 

 

 

 

 

 



 

       2 

 Disadvantages  

a. Comparatively smaller life (20-25years). 

b. Can not be used for voltages higher than 20kv. 

c. Less mechanical strength. 

d. Required periodical inspection. 

 

2. Steel pole : 

                 They possess greater mechanical strength, longer life and permit longer span to be used. 
Such poles are generally used for distribution purposes in the cityes. This type of supports need 
to be galvanized or painted in order to prolong its life. The steel poles are three types viz. 

a. Rail poles 

b. Tubular poles 

c. Rolled steel joist  

      

 3. RCC poles : 

         They have greater mechanical strength, longer life and permit longer spans than steel 
more over, they give good outlook, require little maintenance and have good insulating 
properties. Fig shows RCC poles for single and double circuit. 

 

 

 

 

 

         

 

 

 

 

  
 

 

 
Disadvantages : 

  
              Its transporting cost is high due to heavy weight. Therefore such poles are often 

manufactured at the site in order to avoid heavy cost of transportation. 

 
4. Steel tower : 
a. In practice, wooden, steel, and reinforced concrete poles are used for distribution purposes at 

low voltages say upto 11kv. 
b. However for long distance transmission at higher voltage , steel towers are invariably employed 

. 
c. Steel towers have greater mechanical strength longer life can withstand must severe climatic 

condation. 
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d. The risk of interrupeted service due to broken or punctured insulator is considerably reduced 

owing to longer spans. 
e. Tower footings are usually grounded by driving rods into the earth, to minimizes the lightning 

troubles as each tower act as a lightning conductor. 
 

        Fig .(i) shows a single circuit tower however at a moderate additional cost, double circuit tower can be 
provided as shown in fig.(ii). The double circuit has the advantage that it ensure continuity of supply. 
Incase there is brake down of one circuit ,the continuity of supply can be maintained by the other 
circuit. 

 

Factors governing height of poles : 

      The transmission tower height is also important factors to consider while design of 
transmission lines.  Following are those factors which taken in to considerations. 

1. Minimum ground clearance 

2. Maximum Sag of Conductor 

3. Length of Suspension Insulators 

4. Vertical space between conductors 

5. Ground Wire Location 

6. Angle of Shield 

1. Minimum ground clearance 

       Minimum ground clearance is showed in accordance with all technical requirements and 
specifications. 

2.Maximum Sag of Conductor 

 

       In Maximum sag of conductor depend on several factors of the conductor. Following are 
the factors which taken in to account while determine maximum sag of conductor in 
electrical power lines 

 The Size of Conductor 

 Type of Conductor (ACC, ACSR, AAAC, ACAR) 

 Climatic Conditions 

 Length of Span 

* In most cases maximum sag of conductor are occurs rapidly under the maximum 
temperature of     conductor and sill wind condition too. 

* In cold countries the maximum sag can occur at the minimum temperature and ice coated at 
power conductor. 

3.Length of Suspension Insulators 

       Length of Suspension Insulators is one of the main factors to determine the height of the 

transmission line tower. 

4.Vertical space between conductors 

      Vertical space between power conductor are also play main role in spacing between the 
cross arms. 

5.Ground Wire Location 

       Main factors which affect to determine the location of earth wire on transmission tower 
are the minimum difference in 
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 Suspension insulator length 

 Drop of earth wire to Suspension claps 

 Angle of shield. 

6.Angle of Shield 

The main function of ground wire of power transmission lines are to provide necessary 
protection on transmission lines against the direct and indirect lightening stocks.  

Conductor materials used in Overhead lines: 

        The conductor is one of the important items as most of the capital outlay is invested for it. 
Therefore, proper choice of material and size of the conductor is of considerable importance. 
The conductor material used for transmission and distribution of electric power should have the 
following properties : 

        
(i) high electrical conductivity. 
(ii) high tensile strength in order to withstand mechanical stresses. 
(iii) low cost so that it can be used for long distances. 
(iv) low specific gravity so that weight per unit volume is small. 

 

 

Commonly used conductor materials:  

1. The most commonly used conductor materials for overhead lines are copper, aluminium, steel-
cored aluminium, galvanised steel and cadmium copper. 

 

2. The choice of a particular material will depend upon the cost, the required electrical and 
mechanical properties and the local conditions. 

 

3. All conductors used for overhead lines are preferably stranded in order to increase the 
flexibility. 

 

4. In stranded conductors, there is generally one central wire and round this, successive layers of 

wires containing 6, 12, 18, 24 ... wires. Thus, if there are n layers, the total number of 
individual wires is 3n(n + 1) + 1. 

 

5. In the manufacture of stranded conductors, the consecutive layers of wires are twisted or 
spiralled in opposite directions so that layers are bound together. 

 
       1. Copper:  

I. Copper is an ideal material for overhead lines owing to its high electrical conductivity and greater 
tensile strength. 

II.  It is always used in the hard-drawn from as stranded conductor. Although hard drawing 
decreases the electrical conductivity slightly yet it increases the tensile strength considerably. 

III. This metal is quite homogeneous, durable and has high scrap value. 

IV. Due to its higher cost and non-availability, it is rarely used for these purposes. Now-a-days the                   

trend is to use aluminium in place of copper. 

 

2. Aluminium:  
I. Aluminium is cheap and light as compared to copper but it has much smaller conductivity and 

tensile strength.  
II. The conductivity of aluminium is 60% that of copper. 

III. The diameter of the aluminium conductor is about 1·26 times the diameter of the copper 
conductor of same x-section 

IV. The increased X-section of aluminium exposes a greater surface to wind pressure and, 
therefore, supporting towers must be designed for greater transverse strength. This often 
requires the use of higher towers with the consequence of greater sag. 

https://en.wikipedia.org/wiki/Overhead_power_line
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V. The specific gravity of aluminium (2·71 gm/cc) is lower than that of copper (8·9 gm/cc). 

Therefore, an aluminium conductor has almost one-half the weight of the equivalent copper 
conductor. For this reason, the supporting structures for aluminium need not be made so strong 
as that of copper conductor. 

VI. Aluminium conductor being light, is liable to greater swings and hence larger cross-arms are      

required. 
 

VI.  Due to lower tensile strength and higher coefficient of linear expansion of aluminium, the sag 
is greater in aluminium conductors. 

VII. Considering the combined properties of cost, conductivity, tensile strength, weight etc., 
aluminium is being widely used as a conductor material. . 
 

3. Steel cored aluminium: 

I. Due to low tensile strength, aluminium conductors produce greater sag. So the aluminium 
conductor is reinforced with a core of galvanised steel wires. The composite conductor thus 
obtained is known as steel cored aluminium and is abbreviated as ACSR(aluminium 
conductor steel reinforced). 

II.  Steel-cored aluminium conductor consists of a central core of galvanised steel wires 
surrounded by a number of aluminium strands. Usually, the diameter of both steel and 
aluminium wires is the same. The X-section of the two metals are generally in the ratio of 1 : 6 
but can be modified to 1 : 4 in order to get more tensile strength for the conductor. 

        
                  The steel cored aluminium conductors have the following advantages : 
 

(i) The reinforcement with steel increases the tensile strength but at the same time keeps the 
composite conductor light. Therefore, steel cored aluminium conductors will produce smaller 
sag and hence longer spans can be used. 

 
(ii) Due to smaller sag with steel cored aluminium conductors, towers of smaller heights can be 
used in overhead line design. 

 

4. Galvanised steel:  
I. Steel has very high tensile strength. Therefore, galvanised steel conductors can be used   for 

extremely long spans or for short line sections exposed to abnormally high stresses due to 
climatic conditions. 

II.  They have been found very suitable in rural areas where cheapness is the main consideration. 
Due to poor conductivity and high resistance of steel, such conductors are not suitable for 
transmitting large power over a long distance. 

III.  However, they can be used to advantage for transmitting a small power over a small distance 
where the size of the copper conductor desirable from economic considerations would be too 
small and thus unsuitable for use because of poor mechanical strength. 

 

5. Cadmium copper:  
I. The conductor material now being employed in certain cases is copper alloyed with cadmium. 

II.  An addition of 1% or 2% cadmium to copper increases the tensile strength by about 50% and 
the conductivity is only reduced by 15% below that of pure copper. Therefore, cadmium copper 
conductor can be used for exceptionally long span overhead lines. However, due to the high 
cost of cadmium, such conductors will be economical only for lines of small X-section i.e., 
where the cost of conductor material is comparatively small compared with the cost of 
supports. 

 

Determination of size of conductors for overhead transmission line 

the factors which decides the size of the conductors 
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 Current carrying capacity of the conductor or distribution line 
 Allowable voltage drop or line regulation 
 Breakdown strength of the conductor 

 Current Carrying Capacity of Line: 

I. The current carrying capacity of a conductor decided by the maximum conductor 
temperature rise or operating temperature.  

II. Operating temperature is limited by mechanical aspects such as allowable span, mid-span 
sag, joints, creep in conductors and long term mechanical efforts. 

III.  Generally 85oC (AAAC), 75oC, 70oC, 65oC, or 60oC (ACSR) maximum operating temperature 
is used. 

IV. Lower temperature is used for long spot lines particularly in rural distribution system.  
V. Generally, the maximum current which an over-head conductor size designed to carry must 

not cause it to be heated such that it may result in the annealing of the metal of the 
conductor or reduction in the clearances specified. 

VI. Usually for normal day loading, a maximum operating temperature 75oC is permitted which 
is allowed to reach up to 100oC for emergency loading. 

 

Voltage drop and Voltage Regulation: 

I. The allowable voltage drop is considered as critical factors in determining the  conductor 
size for 11kV and Low Tension (LT) distribution line with thermal loading (ampere loading) 
about 80 percent of the normal thermal rating based on the maximum operating 
temperature. 

II. Large conductor size (cross section) employed in distribution lines reduces the resistance of 
the line and hence the I2R losses and voltage drop in the line; and hence voltage regulation 
of the line improves. But using large cross section conductor size will increase the cost as 
the material required is more. 

 

Mechanical Characteristics of Conductors: 
The choice of conductor size from mechanical view point depends on the : 

External Loading: Wind speed, ice loading and ambient temperature 

Internal Characteristics: Stranding, modulus of electricity, thermal expansion of the creep. . 

 

Cross arms 

I. Cross Arm is a cross-piece fitted to the pole top end portion by means of brackets, 
known as pole brackets, for supporting insulators. 

II. The function of cross arms is to keep the conductors at a safe distance from each 
other and from the pole. 

III. Cross arms are of various types such as MS channel, angle iron or wooden. These 
may be straight, U-shaped, U-shaped or zig-zag shaped. 

IV. Wooden cross arms are commonly employed on 11 KV and 33 KV lines. These are 
made of sal wood, seasoned Sheridan wood or creosoted firewood. 

V. Wooden cross arms are preferred owing to their insulating property which provides 
safety to line staff and minimizes flash-over due to the bridge. 

VI. Wooden cross arms need replacement owing to decay after 5-7 years depending 
upon weather conditions. 
 

 
 
 
 
 



 
     7 

 
 

VII. The usual lengths and x-sections of wooden cross arms in use are 
1.5m×125mm×125mm for 11 KV lines and 2.1m×125mm×125mm for 11 KV lines 
and 2.1m×125m×125mm for 33 KV lines. 

VIII. Steel cross arms are stronger and are generally used on steel poles. 

IX. For lv distribution, the angle iron or channel iron cross arms shall be of a size not 
less than 50mm×50mm×6.4mm and 76mm×38mm. 

X. To avoid birdcage on HT lines, V-shaped cross arms are used with pin insulators 
while straight cross arms are used with disc insulators. 

 

 

Pole brackets and clamps : 

I. Pole bracket clamps are rubber-lined, bolt-fastened clamps that provide a 

sturdy attachment base for mounted hangers . 

II. The weight capacity for the pole bracket clamps is 50 lbs (22.68 kg).  
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Guys and stays : 

i. The purpose of a stay wire(or) a guy wire is to give support to the  

poles. 

ii. Mostly, the guy wires are employed with the poles that are at the 

end of the streets, near the rivers(or)lakes. If they are not 

equipped with the guy wire, then they gets bend as they can't be 

stable at that spot of ground. 

    

Conductors configuration : 

I. The electrical conductor which is used for power transmission is usually stranded. 

II. Stranded conductors have great flexibility and mechanical strength as compared to a single 

wire of the same cross-section area. 

III.  In stranded conductor usually, the centre wire is surrounded by the successive layers of 

wires containing 6, 12,18, 24,… wires. 
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Spacing and clearances : 

Minimum Electrical Clearance As Per BS:162. 

INDOOR  

Voltage in KV Phase to earth in mm Phase to phase in 
mm 

0.415  19.05 

0.600 19.05 19.05 

3.3 50.8 50.8 

6.6 63.5 88.9 

11 76.2 127.0 

15 101.6 165.1 

22 139.7 241.3 

33 222.25 355.6 

         

Minimum Electrical Clearance As Per BS:162. 

OUTDOOR 

Voltage in KV Phase to earth in mm Phase to phase in mm 

6.6 139.7 177.8 

11 177.8 228.6 

22 279.4 330.2 

33 381 431.8 

66 685.8 787.4 

110 863.6 990.6 



132 1066.8 1219.2 

220 1778 2057.4 

 Minimum Working Clearance: 

OUTDOOR SWITCHYARD 

Voltage in KV To ground in mm Between section(mm) 

11 2750 2500 

33 3700 2800 

66 4000 3000 

132 4600 3500 

220 5500 4500 

 

Minimum Ground Clearance As Per IE-1956(Rule 77) 

Voltage in KV To ground in mm 

132 6.10 

220 7.00 

400 8.84 

800 12.40 

    

Minimum Clearance between Lines Crossing Each Other (IE-1957) 

System Voltage 132KV 220KV 400KV 800KV 

Low & Medium 3.05 4.58 5.49 7.94 

11-66KV 3.05 4.58 5.49 7.94 

132KV 3.05 4.58 5.49 7.94 



220KV 4.58 4.58 5.49 7.94 

400KV 5.49 5.49 5.49 7.94 

800KV 7.94 7.94 7.94 7.94 

Minimum Height above Railway As Per IE-1957 

Voltage Broad Meter & Narrow Gauges 

Above 66KV up to 132KV 14.60 Meter 

Above 132KV up to 220KV 15.40 Meter 

Above 220KV up to 400KV 17.90 Meter 

Above 400KV up to 500KV 19.30 Meter 

Above 500KV up to 800KV 23.40 Meter 

        

Various Air clearances to be provided as per IE rule 64 

Voltage KV 33KV 66KV 110KV 220KV 400KV 

BIL (Kvp) 170 325 550 1050 1425 

P-E (cm) 30 63 115 240 350 

P-P(cm) 40 75 135 210 410 

P-G (Meter) 3.7 4.0 4.6 5.5 8.0 

Section 

Clearance(Mt) 

2.8 3.0 3.5 4.3 6.5 

Clearances from Buildings of HT and EHT voltage lines IE Rule 80 

Vertical Distance 

High voltage lines up to 33KV 3.7 Meter 

Extra High Voltage 3.7 Meter + Add 0.3 meter for every 

additional 33KV 



Horizontal clearance between the conductor and Building 

High Voltage Up to 11 KV 1.2 Meter 

11KV To 33KV 2.0 Meter 

Extra High Voltage 2.0 Meter + Add 0.3 meter for every 

additional 33KV 

Clearance above ground of the lowest conductor As per IE Rule 77 

Over head Line Across Street 

Low and Medium Voltage 5.8 Meter 

High Voltage 6.1 Meter 

Over head Line Along  Street (Parallel To Street) 

Low and Medium Voltage 5.5 Meter 

High Voltage 5.8  Meter 

Over head Line Without Across or Along  Street 

Low/Medium /HT line up to 11KV If 

Bare Conductor 

4.6 Meter 

Low/Medium /HT line up to 11KV If 

Insulated Conductor 

4.0 Meter 

Above 11  KV Line 5.2 Meter 

Above 33KV Line 5.8 Meter + Add 0.3 meter for every 

additional 33KV 

Clearance between conductors and Trolley / Tram wires (IE Rule 78) 

Low and Medium Voltage 1.2 Meter 

High Voltage Line Up to 11KV 1.8 Meter 

High Voltage Line Above to 11KV 2.5 Meter 

Extra High Voltage Line 3.0 Meter 
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 Clearances from Buildings of low & medium voltage lines(IE Rule 79 ) 

For  Flat roof, Open Balcony, Verandah Roof and lean to Roof 

Line Passes Over Building Vertical Clearance 2.5 Meter 

Line Passes Adjustment of Building Horizontal Clearance 1.2 Meter 

For pitched Roof 

Line Passes Over Building Vertical Clearance 2.5 Meter 

Line Passes Adjustment of Building Horizontal Clearance 1.2 Meter 

 

Span lengths : 

Span is the distance between two intermediate supports 

Overhead line insulators : 

I. Overhead line insulators are used to separate line conductors from each other and the 

supporting structures electrically. 

II.  Permittivity and dielectric strength of the insulating material are very high so that it can 

withstand high electrical stress. 

III.  Insulators protect the transmission line from overvoltages which occur due to 

lightning,  switching, or other causes under the severe condition. 

Types of insulators : 

There are 5 types of insulators used in transmission lines as overhead insulation: 

1. Pin Insulator 
2. Suspension Insulator 
3. Strain Insulator 
4. Stay Insulator 
5. Shackle Insulator 

Pin, Suspension, and Strain insulators are used in medium to high voltage systems. While Stay and 
Shackle Insulators are mainly used in low voltage applications. 

Pin Insulator 

I. This is the first developed insulators and being used for overhead lines for voltage grade up 
to 33 kV.  

II. The live conductor is place on the top of the insulator and the bottom of the insulator in 
connected to earth. 

III. The insulator has to withstand the potential stress between conductor and earth. 
IV. When insulator is wet, its outer surface becomes almost conducting. Hence the flash over 

distance of insulator is decreased. 

https://www.electrical4u.com/voltage-or-electric-potential-difference/


V.  The upper most petticoat of a pin insulator has umbrella type designed so that it can 
protect the rest lower part of the insulator from rain. 

VI.  
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VII. The upper surface of top most petticoat is inclined as less as possible to maintain maximum 
flash over voltage during raining. 

 

Suspension insulator : 

I. Using post insulator in higher voltage is not economical and suspension type insulator is 

evolved. 

II.  Disc insulators are connected together in series to make a string which is suspension type 
insulators. As per the voltage grade the no of disc isolators are increased or decreased so 
that is is suitable for any voltage level. 

III.  When suspension insulators are used a conductor is always hanging / suspended below the 
metallic tower level and it is always protected from lightning. On the other hand in order to 
maintain minimum clearance between conductor and ground/ equipment the tower hight 

use to be higher. 

IV.  The amplitude of free swing of conductors is larger in suspension insulator system, hence, 
more spacing between conductors should be provided. 

 

Strain insulator : 

I. When suspension string is used to sustain extraordinary tensile load of conductor it is 
referred as string insulator. 

II.  When there is a dead end or there is a sharp corner in transmission line, the line has to 
sustain a great tensile load of conductor or strain. 



III. A strain insulator must have considerable mechanical strength as well as the necessary 
electrical insulating properties. In string Insulator, each porcelain disc is designed for 11 kV. 
Thus for 132 kV overhead line around 12 disc will be assembled. 
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Stay insulator : 

I. For low voltage lines, the stays are to be insulated from ground at a height. 
II. The insulator used in the stay wire is called as the stay insulator and is usually of porcelain 

and is so designed that in case of breakage of the insulator the wire will not fall to the 
ground. 
 

 

 

Shackle insulator : 

I. It is usually used in low voltage distribution network. 
II. It can be used both in horizontal and vertical position. 
III.  The conductor in the groove of shackle insulator is fixed with the help of soft binding wire. 

 

 

 
Lighting arresters : 

https://4.bp.blogspot.com/-z_okIHpn5cY/V0ulKnugZAI/AAAAAAAABDs/O9m_a8kzqvQVbh87xSxvhfrzJ8PUa351gCK4B/s1600/string%2Binsulator.JPG
https://4.bp.blogspot.com/-z_okIHpn5cY/V0ulKnugZAI/AAAAAAAABDs/O9m_a8kzqvQVbh87xSxvhfrzJ8PUa351gCK4B/s1600/string%2Binsulator.JPG


A lightning arrester (alternative spelling lightning arrestor) (also called lightning diverter) is a device 

used on electric power systems and telecommunication systems to protect the insulation and 

conductors of the system from the damaging effects of lightning. 
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Danger plates : 

danger plates are as per prevailing industry standards and discourage public access in areas with high 

voltage. Further, these plates also come with tower serial number and other options as required by the 

customers. 

 

 

Anti-climbing devices : 

Anti climbing device is a part of fencing panel system, which is mounted on fencing upright. These are 

basically used at sub-station fencing, Defense fencing or any high security areas where barbed wire is 

required to secure the require zone/perimeter. 
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Bird guards : 

The bird guard provides a device to protect electrical insulators comprising a central shaft; a clamp 

attached to an end of the shaft to secure the device to a transmission tower; a top and bottom cover 

to shield transmission tower insulators; and bearings to allow the guard to rotate in order to frighten 

birds away from the insulators. 

  

 Jumpers : 

The power conductor is connected to insulator on one side of the tower and on the other side, 

another power conductor is connected. But there is no electrical connection between these two 

conductors. This electrical connection is served by a conducting wire which is termed as jumper. 

 

Tee-offs : 

Tee (or T) point. The point at which a branch transmission circuit is solidly and permanently connected 

to a main circuit, usually without switchgear. (See tee-off.). Tee-off. A branch transmission circuit 

which joins a main circuit and which is protected as part of the main circuit. 
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Guarding of overhead lines : 

I. A guarding is provided for the safety of life, installation, and communication circuits. 

II. The guarding for 11 KV lines is provided at road crossings, canal crossings, railway crossing, 

crossing over lt lines or communication lines. 

III. every guard wire shall be connected with the earth at each point at which electrical 

continuity is broken. 

IV. Every guard wire should have sufficient current-carrying the capacity to ensure the circuit 

rendering dead, without risk of fusing of the guard wire or wires till the contact of any line 

wire has been removed. 

Various guarding arrangements are shown below. 

     

 

V. Cradle guarding is provided when the conductors are in horizontal or delta formation as in 

the case of 11 KV lines. 

VI. The cradle guard is directly connected to an earth wire. If a line conductor breaks, it will fall 

on the guard, thereby blowing the fuse or tripping the coil of a circuit breaker. 

VII. When an lt line crosses a road or a railway line it is in the horizontal formation and 

therefore, at such places cradle guard is provided for lt lines also. 
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VIII. Cage guarding is provided on lt lines with vertical formation. 

IX. The guard should be made of the same material as used for earth wire. 

X. The guard is connected with the neutral and insulated from the earth by means of porcelain 

reel. 

XI. In case a live conductor breaks it comes in contact with the guard which causes a short-

circuit between the live conductor and Neutral causing the fuse to blow or the circuit 

breaker to trip. 
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