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PREFACE 

The book of "Electrical Power Supply” was brought out by Institution of  

Railway Electrical Engineers (IREE) long back. Since, lot of changes and 

developments have taken place in the field of Railway Electrical Engineering,  

it has become necessary to incorporate the changes in this volume. Few 

additions and modifications in the field of “Electric Power Supply” are 

included in this book. 

For bringing out this book Shri Sanjay Swarup, Section Engineer and 

Shri Suryawanshi M.A., Raj Bhasha Supdtt. have made substantial efforts, 

under the guidance of Shri D. Ramaswamy, Senior Professor (Academics) 

I am very glad to note that lot of efforts have been undertaken in 

bringing out this book of "Electrical Power Supply" in the present form. I am 

sure that this book will serve the needs of Electrical Engineers working in the 

field of  Electrical General Services. 

 
Nasik Road A.K.RAWAL 
21st May, 2010 DIRECTOR 
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1.0 DISTRIBUTION   SYSTEM
 

1.0 INTRODUCTION 

Distribution system links the bulk power sources to the end user facilities. It comprises of 
Distribution sub-stations, primary feeders, distributors and consumer services. 

Power from the generating station, after being stepped up to extra high voltage (220KV) is 
carried through transmission lines to a sub-station where the voltage is stepped down to 66 KV 
(Fig.l). This sub-station is called the primary sub-station. From the primary sub-station, sub-
transmission lines carry power to secondary sub-stations, where the voltage is stepped down to 11 
KV. From here, the power is carried through primary distribution lines (also called feeders) to 
distribution sub-stations. At distribution sub-station, the power is further stepped down from 11 
KV to 415/240Volts. The distribution sub-stations are situated at convenient locations as far as 
possible nearer to the load centre. From the distribution sub-station, power is supplied to the 
consumers (domestic, commercial, industrial etc.) through secondary distribution lines (also called 
distributors). 

Fig. 1   Schematic diagram of power supply 
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  It must be noted that in the above description and in figure 1, the primary distribution line is 
considered to be  at  11KV. This is generally true except at places where load densities are very 
high. In such places, the primary distribution lines operate at 33 KV or even at 66 KV. This is 
because very high voltages are used to effect economy in transmission of power. 

Primary distribution system include these two important basic types 

1)   Radial systems including duplicate and throw over  systems 

 2)  Loop systems 

RADIAL SYSTEMS – The radial type systems are the simplest and most   
commonly used. It comprises of separate feeders or circuits ”  radiating “ out of 
the substation or source, each feeder usually serving a given area. The feeder is 
considered as having a main or trunk portion to which there radiate spurs or 
laterals to which distribution transformers are connected  

        The spurs or laterals are connected to the primary main through fuses, so that 
a fault on the spur will not cause an interruption to the entire feeder. The circuit 
breakers at substations are available as back up protection . The diagram of a 
primary distribution radial distribution system is as follows       
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     For supplying to important installations a second feeder or additional feeder  is often 
provided located in an adjacent  route or separate route to provide another alternate 
source of supply. Switching to normal to alternate feeder can be accomplished by a throw 
over switching arrangement 

    LOOP SYSTEMS – In the open loop system ,the several sections of the feeder are 
connected through disconnecting devices with the loads connected to the several sections 
and both ends of the feeder connected to the supply. At a predetermined point in the 
feeder, the disconnecting device is left open by design Essentially this constitutes two 
feeders whose ends are separated by a disconnecting device, which may be a fuse, switch, 
or circuit breaker. In case of a fault, the section of the primary on which fault occurs can 
be disconnected at both its ends and service can be re-established to the healthy portions 
by closing the loop at the point where it is normally left open and reclosing the breaker at 
the substation on the other, healthy  portion of the feeder 

 

1.1 FEEDER AND DISTRIBUTORS 

For the purpose of uniformity of nomenclature, it is necessary to distinguish 
between the terms 'Feeder' and 'Distributor'. 

'Feeder' is a line which supplies a point of distribution network, without being 
tapped at any intermediate point. 

In the above definition, the expression 'without being tapped at any intermediate 
point' means that feeders are not tapped at any intermediate point to give supply for direct 
use to consumers. However, feeders are tapped for supply to distribution sub-stations. 
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Thus on simple terms, the feeder may be defined as the line carrying power from 
the secondary sub-station to the distribution sub-station. 

'Distributor' is a line from which tappings are taken along its length to provide 
supply to various consumers. The distributor is supplied from a distribution sub-station 
where a high voltage (11 KV) is stepped down to a much lower distribution voltage 
(415V and 240V) for domestic, commercial and industrial use. 

Distributors (or secondary distribution lines) 

Distribution sub-stations are a link between feeders and distributors. These are so 
located that the total cost of conductor material for distributor is minimum. 

The standard voltage transformation at a distribution sub-station is 11KV/433V. 
The declared consumer voltage as per IE Rules is 415V between phases and 240V 
between phase and neutral with a permissible voltage variation of +/- 6%. Thus a 
consumer at the near-end of the distribution may have a voltage as high as 433V (3 
phase) and 250V (1 Phase) during light load hours, whereas, a consumer at the far-end 
may have a voltage as low as 400V (3 phase) and 230V (1 phase) at peak load hours. 

In most power distribution systems, distribution transformers are located at some 
distance from the actual consumer. Therefore, distribution lines called distributors have 
to be run to carry power to the consumers. However, in the case of large consumers, such 
as factories, large commercial undertakings etc., power is supplied directly from the 
primary distribution system to a transformer located in the sub-station in the consumer's 
premises. The same is applicable to the supply system for a thinly developed rural area, 
where individual consumers are directly given supply from the primary distribution line 
through a transformer. 

 

1.2 TYPES AND APPLICATIONS OF DIFFERENT SECONDARY 
DISTRIBUTION SYSTEMS 

When power is supplied to the consumers through the secondary distribution system, one 
of the following arrangements is used. 

• Radial system, 

• Looped system (Ring Main System), 

• Network system (Banked secondary system) 

1.2.1 RADIAL SYSTEM 

In this system, the LV distribution lines radiate out from the distribution sub-
station. A number of consumers are supplied from each radial distributor as shown in 
fig.2  
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Radial System: 
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Fig.2 Radial system 

 

The only defect in this arrangement is that there is no possibility of an alternate 
feed in the event of failure of a feeder. Though, it can be overcome by providing a 
duplicate parallel distributor, it will necessitate extra expenditure. 

For the protection of the primary distribution line (feeder) working at 11KV a 
switch-end-fuse unit is employed. In the case of distribution transformers of rating 500 
KVA and above oil circuit breakers with over current and earth fault protection are used. 
On the secondary distribution line (distributor), for currents of more than 200A, circuit 
breakers with over current and earth fault protection are used. For lower values of current 
switch-cum-fuse units (HRC fuses) are used. 
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1.2.2 LOOPED SYSTEM (RING MAIN SYSTEM) 

In this case, the reliability of supply is better than the radial system. In the case of 
fault at any point in the system (figure 3), supply can be maintained to all the load centres 
by isolating the faulty distributor. 

 

 

 

 

 

 

Fig.3 Ring main system 

 

 

 

 

 

 

 

 

• Looped System or Ring Main System. 
 
  

INCOMING 

CIRCUIT          
BREAKERS 

ISOLATORS 

RING              MAIN        FEEDERS
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FEEDERS 

                                                        Fig 3 

Comparison between radial system and looped system 

The looped system combines the advantages of duplicate mains with least cost. 

Conductor size of looped system should be higher than that of radial system. 

Fault isolation is quick in radial system. 

            In looped system one has to go to different switch boards to operate the isolators, 
whereas, in the radial system all distributors are conveniently controlled from a 
central point. 

Further advantages of this arrangement are given below: 

•          The reliability of supply is more, because in case one transformer fails, load can 
be fed from another. 
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•      A better load distribution on each transformer is achieved by diversifying the load on 
a bank of transformers. 

1.2.3    BANKED SECONDARY SYSTEM 

 When radial secondary circuits are supplied by a single transformer, high starting 
currents of motor may cause objectionable voltage drops. The increasing use of  
motor driven appliances and the necessity of supplying combined lighting and 
power from the same circuit have made the problem of overcoming the voltage 
drop due to the motor starting currents a considerable one. One of the most 
effective and economical means of controlling such a voltage drop is the banking 
of distribution transformers. Transformers are said to be banked when two or 
more transformers are paralleled to supply the load. This results in lowering the 
voltage drop on line. Further advantages of this arrangement are as follows: 

  1) The reliability of supply is more, because in case one transformer fails, load 
can be fed from another. 

 2)  A better load distribution on each transformer is achieved by diversifying the 
load on a bank of transformers 

 3) The voltage drop in the system is reduced resulting in a better voltage condition 
at the consumer's premises. 

 This system, is mostly used in areas of low load densities, where, a multiple primary 
and secondary network is justified. 

 The protection used on 11 Kv side are fuses of required capacity. The common rating 
of transformers used for banking are 25KVA, 40KVA and, 63KVA. 

If, a fault develops in one of the transformers, it will be automatically 
disconnected from the line by blowing the two secondary line fuses and the primary 
transformer fuse without interrupting service to any consumer. Secondary line fuses must 
be sufficiently large to pass the total load between transformers if the adjacent 
transformer is disconnected. At the same time, these fuses should be sufficiently small to 
operate under minimum short-circuit current. 
 
1.3 METHOD OF DISTRIBUTION 
 

Electric power may be distributed by two methods viz. (i) overhead lines and (ii) 
underground cables. 

A good system whether overhead or underground should fulfill the following 
requirements. 

• The voltage at the consumer's premises must be maintained within +\- 5% of the 
declared voltage. 
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• The loss of power in the system itself should be a small percentage (about 10%) 
of the power transmitted. 

• The distribution cost should not be unduly excessive. 

• The maximum current passing through the conductor should be limited to such a 
value, as not to overheat the conductor or injure its insulation. 

•  The insulation resistance of the whole system should be very high, so that there is 
no undue leakage or danger to human life. 

 

1.4 COMPARISON OF  U.G. CABLE WITH O.H. LINE 

FEATURE U. G. CABLE OH  LINE 

Layout 1. Safe in any terrain Unsafe in certain  
     And layout terrains and layouts 
 2. Practicable for any Impracticable for 
     application densely populated 
  areas. 

3. Acceptable for any Not acceptable for 
Environment and certain environments 
Weather conditions (viz. High speed 
 Of wind, varying climatic 
 Patterns). 
 

 
Investment Generally costly. Becomes costly with  
  Special considerations like 
  High masts, zig-zag  
  configurations. 
 
Maintenance Practically Maintenance Costly maintenance 
Failure rate Free. Generally not affected  Prone to natural 
Or Reliability by natural calamities like calamities like storms 
 Storms, lighting or snow. Lighting or snow. 
 
Aerial  Nil May infringe 
Interference  the layout of Air 
  Ports and airways. 
 
Aesthitics Will not affect the Will affect the beauty 
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 Beauty or get up of the and at times the  
 Settlements. Surroundings. 
 
Replacement Costly Cheaper because, either 
  The conductor or the 
  Insulators can be  
  Strengthened without 
  affecting the cost of  
  supports at times. 
 
Application Limited to maximum of Can be used for any 
 132 KV and becomes Voltage and power 
 costly as well as bulky to application. 
 handle beyond this 
 voltage. 
 
 
Troubleshooting Difficult to locate Easy to localise 
 Faults faults and hence their 
  rectification. 
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2.0 DISTRIBUTION SUBSTATION 
 

 

2.0 SITE SELECTION 

Site limitation is one of the important considerations in deciding the type of 
layout of a substation, it should be aimed that the load requirements of the areas are met 
with minimum overall capital investment and annual cost required for the transmission 
and distribution systems associated with the proposed sub-station. The annual cost 
comprises of system maintenance cost etc. The local considerations for the selection are: 
• Land availability. 
• It should be free of all obstructions from the point of view of convenience of 

terminating high voltage lines. 
• It should be accessible to the public road to facilitate transport of plant and 

equipment. 
• Where heavy equipment is to be transported by rail, the substation should be near 

a railway station so as to reduce the length of railway siding. 
• It should be at higher level than the surrounding area. 
• It should have sufficient provision for future expansion. 
• It should be away from dumping ground. 
 
2.1 DESIGN PARAMETERS 
 

The physical layout and design of the sub-station will be governed by the 
following factors, 
• Number of incoming and outgoing feeders (existing and expected to come up in 

the future) 
• Expected load demand on the sub-station (existing and anticipated in future). 
• Incoming voltage. 
• Soil resistivity. 
• Expected fault level at incoming and step down voltages. 
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2.2 CAPACITY OF SUBSTATION 
• The capacity of the sub-station is decided after having detailed load survey of 

various loads required to be fed from the sub-station. 
• Capacity of the sub-station also depends upon the type of loads, as different 

patterns of load will have different demand factors, which in turn governs the 
diversity factor. 

• Capacities of the transformers, switch-gear etc. is to be decided, after duly 
allowing sufficient margin to the anticipated loads in the near future, over and 
above the capacity arrived on the basis explained above, 

• In order to facilitate interchangeability and also to reduce inventory, it is better to 
standardise the capacity of transformers such as 100 KVA, 250 KVA, 500 KVA, 
1000- KVA etc. 

2.3 LAYOUT DESIGN CONSIDERATIONS 
 The substation layout is influenced to a great extant by the dimensions of the 
various equipments and their accessories within the sub-station. Characteristics of the 
various equipments to the extent they affect the sub-station are discussed in the following 
paragraphs. General considerations which should be kept in view while deciding the 
layout and design of the substation are as follows : 
2.3.1 Economy 
 Economy in the sub-station layout and design can be effected by proper choice of 
equipment and design of supporting structures etc. While equipment like circuit breakers 
should be of adequate rupturing capacity and ratings, these need not be unnecessarily 
high which will add to the cost of the equipment. Length of power cables and control 
cables should be kept to the minimum by properly selecting cable routes etc. The design 
of bus-bar supports and other structures should be of proper strength but too high a factor 
of safety may not be necessary. Sometimes, it may be more economical to provide the 
power cables on  higher voltage side up to 33 KV buried in earth with warning covers,  
instead of making concrete trenches. Low capacity transformers can be protected on the 
high voltage side by fuses instead of costly circuit-breakers particularly on non-industrial 
loads, it is, however, important to ensure that a circuit breaker is available at the sending 
end of the feeder. 
2.3.2 FLEXIBILITY OF OPERATION 
 The layout should be so designed as to ensure flexibility in operation and 
continuity of supply to the extent possible. It should be possible to take out the faulty 
equipment for repairs without effecting the continuity of supply to the healthy circuits. 
2.3.3 Safety 
 Safety considerations should be given paramount importance in the design of sub-
station layout. Fencing should be provided around the switchyard to make it inaccessible 
to unauthorized persons and cattle etc. Adequate clearances should be provided between 
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the equipment and the structures for proper inspection, maintenance and, movement of 
the staff. Suitable mechanical interlocking arrangements between the isolators and the 
associated circuit-breakers should be provided wherever possible to guard against 
isolators being operated on load, otherwise, ordinary locking arrangement for the 
operating handle of the isolator should be made. Isolators controlling lines and feeders 
should always be provided with earthing blades for earthing the line for maintenance 
work to be carried out on the line. 
2.3.4 PROVISION FOR FUTURE EXPANSION 
 Adequate provision should be in the substation layout for possible future 
extensions. In outdoor switchyards necessary provision should be made for additional 
outgoing feeders as expected in future. Outdoor bus bars should be so designed as to 
accommodate both existing and future feeders within the bus bar and in addition, suitable 
space may be kept at least at one end of the bus bar so that the bus bar can be extended, if 
necessary at a later date. Suitable provision for space should be made for incoming 
breakers even if such breakers are not considered necessary at the time of construction of 
the sub-station. Necessary space may also be provided on the high voltage side to 
accommodate additional incoming and outgoing feeders in the future. It would also be 
desirable to have suitable space for any extension of the control-room building to 
accommodate certain additional equipment which may become necessary in future. 
2.4 BUS-BAR ARRANGEMENT 
 The out-door bus- bars are either of the rigid type or of the strain type. In the rigid 
type, pipes are used for bus-bar and also for making connections among the various 
equipments wherever required. The bus-bars and the connections are supported on 
pedestal insulators. This leads to a low level type of switchyard wherein equipment as 
well as the bus-bars are spread out thus requiring a large space. Since the busbars are 
rigid, the clearances remain constant. Besides, as the bus-bars and connections are not 
very high from the ground, the maintenance is easy. Due to larger diameter of the pipes, 
the loss is also substantially less. It is also claimed that this system is more reliable than 
the strain type bus. However, besides requiring large area, this type of busbar has the 
disadvantage of comparatively high cost. 
The strain type bus-bars are an overhead system of wires strung between two supporting 
structures and supported by strain type insulators. The stringing tension may be limited to 
500-900 Kg depending upon the size of the conductor used. This arrangement is more 
economical. 

Bus-bar material 
The materials in common use for bus-bars and connections of strain type are ACSR and 
all aluminum conductor. Bundle conductors are used for high current rating or to limit 
corona, as required. The following commonly used size for 11KV/33 KV is 7 X 3,35 mm 
ACSR. 
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In the case of rigid bus-bar arrangement, aluminum pipes of grade 63401 WP conforming 
to IS: 5082 are commonly used. The sizes of pipes commonly used for various voltages 
are 40 mm, 65 mm, 80 mm and 100 mm. The bus-bar sizes should meet the electrical and 
mechanical requirements of the specific application for which they are chosen. 
Since aluminum oxidizes rapidly, great care is necessary in making connections. In case 
of long spans, expansion joints should be provided to avoid strain on the supporting 
insulators due to thermal expansion or contraction of the pipe. The bus-bar sizes should 
meet electrical and mechanical requirements of the specific application for which they are 
chosen. 
2.5 CIRCUIT BREAKERS 
 In the case of outdoor type installation, the circuit breakers have fixed location 
and the station layout is such that adequate section clearances are always available from 
the live parts. In case of indoor type of installation, the circuit breakers of the draw-out 
type are used so as to facilitate removal of the breaker to a safe place for maintenance 
purposes. 
2.6 DISCONNECT SWITCHES 
 Disconnect switches are used for transfer of load from one bus to another and also 
to isolate equipment for maintenance. Although a variety of disconnect switches are 
available, the factor which has the maximum influence on the station lay-out is whether 
the disconnect switch is of the vertical break type or horizontal break type. Horizontal 
break type normally occupies more space than the vertical break type. 
The location of disconnect switches in a substation affects not only sub-station layout but 
maintenance of the disconnect contacts also, In some substations, the disconnect switches 
are mounted at high positions either vertically or horizontally. Although such substations 
occupy smaller areas, the maintenance of disconnect switch contacts in such substations 
is more difficult as the contacts are not easily accessible. 

2.7 TRANSFORMERS 
 Transformer is the largest piece of equipment in a sub-station and is  therefore, 
important from the point of view of sub-station layout. For instance on account of large 
dimensions, it is generally not possible to accommodate two transformers in adjacent 
bays. One of the problems is the installation of radiators which makes the width of the 
transformer much more than the bays width. 
2.8 INSULATORS 
 Provision of adequate insulation in a sub-station is of primary importance from 
the point of view of reliability of supply and safety of personnel. However, the station 
design should be so evolved that the quantity of insulators is minimum commensurate 
with the security of supply. An important consideration in determining the insulation in a 
sub-station, particularly those which are near the sea or thermal power stations or 
industrial plant is the level of pollution. As a first step, to combat this problem, special 
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insulators with higher creepage length should be used. Another method is to apply silicon 
grease of similar compounds on the surface of the insulators. 

2.9 EARTHING 
 Provision of adequate earthing system in a sub-station is extremely important for 
safety of the operating personnel as well as for proper system operation and performance 
of the protective devices. The primary requirements of a good earthing system in a sub-
station are : 
a) The impedance to ground should be as low as possible. In large power station, it 

should not exceed 0.5 ohm, should not exceed 1 ohm for Main substation, and 2 
ohms for small sub-stations . 

b) The step and touch potentials should be within safe limits. 
All substations should have provision for earthing in the following manner: 
a) The neutral points of equipment in each separate system. There should be 

independent earth for the different systems. Each of these earths should be 
interconnected with station grounding grid. 

b) Equipment frame work and other non-current carrying parts. 
c) All extraneous metal framework not associated with equipment. 
d)     Lightning arresters should have independent earth, which should in turn be 

connected to the station grounding grid. 
 The earthing of sub-station fence has to be carried out from the point of view of 
touch and step potentials in the peripheral area outside the fence. 
 The earthing system should be designed to have a low overall impedance, and a 
current carrying capacity consistent with the fault current magnitude. 
 All joints in steel earthing system should be made by welding. All exposed steel 
conductors should be protected with bituminous paint. For protection against rusting, the 
welds should be treated with barium chromate. Welded surfaces should then be painted 
with new lead and aluminum paint in turn and afterwards coated with bituman. Joints in 
the earthing conductor between the switchgear units and the cable sheaths and such other 
points which may require to be subsequently broken should be bolted and the joint faces 
tinned. 
 Switch-yard areas are usually covered with about 10 cm of gravel or crushed   
rock which increases the safety of personnel against shocks, prevents the spread of oil 
splashes and aids in weed control. 

2.10 FIRE PROTECTION 
 In view of large number of oil-filled equipments in a sub-station, it is very 
important that proper attention is given to isolation, limitation and extinguishing of fire so 
as to avoid damage to costly equipment, reduce chances of serious dislocation of power 
supply and ensure safety of personnel. The first step in this direction is inherent in the 
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design and layout of the substation itself, which should be such that if fire occurs in any 
equipment it should be limited and isolated so that it does not spread to other equipments. 
For this purpose the following are the guidelines 
•       The spacing of the equipment should be considered. Extra space is not usually 

provided for fire isolation, but the space available is taken into account in 
deciding other isolation measures. 

•       For isolation in indoor areas automatic fire-proof doors should be provided for 
rooms which house major oil filled equipment. The rooms should also be 
constructed with a view to isolating the fire. 

•       Soak pits or drain pits should be provided below large oil filled equipment to drain 
off the burning oil falling below the equipment. 

•       Care should be exercised that the prospective fire can be easily approached for 
quenching. In closed spaces and buildings attention should also be given to 
evacuation of personnel (Refer IS: 1646). 

 A well coordinated system of fire protection system should be provided to cover 
all areas of the substation and all types of likely fires. The details of fire protection have 
to be worked out on the basis of size, type and, location of the sub-station, accessibility 
and degree of attendance. Care should be taken that any fire can be fought from more 
than one source, and dependence is not placed on a single equipment for this purpose. 
 Portable fire protection apparatus, located at strategic positions, is most important 
and needs to be given highest attention. Portable wall mounted or wheeled type apparatus 
of appropriate type should be located near all likely fire risks and valuable equipment in 
such a manner that it will be accessible at the time of a fire. 
Portable fire extinguishers at any location should be chosen to suit the type of equipment, 
material etc. that is to be protected. The types of extinguishers normally used are : 
• Soda acid type 
• Foam type 
• Dry powder type 
• Carbon dioxide type & 
• Halol (chloro bromo methane) type 
 Soda acid type of extinguisher is suitable for only class 'A' for eg. fires in ordinary 
combustible materials such as wood paper etc. It can be used in such areas as office 
rooms. Foam type is suitable for oil fires (class 'B') and can be used in oil storage areas. 
Both these types are not suitable for electrical apparatus. Dry powder type, CO2 type & 
chlorobromo methane type are suitable for classes 'A' & 'B' as well as Class 'F' (electrical 
apparatus) fires and should be provided in adequate quantities in areas housing electrical 
apparatus such as switch-gear rooms. Dry powder type equipment being relatively 
cheaper can be used in all less important areas and CO2 type apparatus must be used near 
more important equipment. In addition to wall mounted equipment one or two wheeled 
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portable apparatus of CO2 and dry powder type equipment depending on the size of the 
substation should be placed at strategic spots from where it can be readily taken to 
affected areas. Halol gas system is prefered for the protection of control rooms. All fire 
protection equipment shall be covered by a regular and strict maintenance and test 
routine. Portable equipment should be charged at specified intervals and checked 
regularly for loss of charge, damage etc. Records of all tests and checks must be 
maintained. 
2.11 A.C. AUXILIARY SUPPLY SYSTEM 
 A,C. supply, I phase & 3 phase are required in substation for performing the 
functions such as : 
• Illumination, 
• Battery charging, 
• Oil filteration plant etc. 
 The design of this power supply system must be such as to ensure continuity of 
supply under all conditions, as far as practicable, reliability being the basic requirement. 
2.12 ILLUMINATION SYSTEM 
 Good lighting in a sub-station is necessary to facilitate operation and maintenance 
activities and at the same time ensure safety of working personnel. In this connection 
reference should be made to IS : 3646 (part 2) "Schedule for values of Illumination and 
glare Index". 
 The lighting system of a particular area whether outdoor or indoor should be 
designed in such a way that as far as possible uniform illumination is achieved. As far as 
possible, any dark spot should be avoided. This requires careful planning of the 
luminaires, selection of proper mounting heights, heads and provision of supplementary 
lighting, wherever required. 
 There are several classifications of the type of lighting such as direct, indirect, 
semi-direct, semi-indirect, diffusion etc. The types of lighting or the combination should 
be so chosen so as to provide adequate level of glare-free illumination without creating 
undesirable shadows. 
 The choice of lamps depends mainly on the nature of the number of hours of 
utilization annually, the cost of energy and the power available for illumination. 
 The foremost criteria in the design of illumination system of indoor areas is that 
the illumination at the working level throughout the area should be as uniform as possible 
so as to avoid eye fatigue. In practice, complete uniformity of illumination is difficult to 
achieve and a ratio of minimum intensity to the the average (uniformity ratio) equal to 
about 70 % is usually considered acceptable. 
 The night time lighting of exterior areas is necessitated by operational 
requirements, security or, decorative purposes or, a combination of these. It is used for 
illuminating switch-yard etc. where flood light fittings are generally used. However, 
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flood light generally cause glare, if not properly positioned and mounted at proper 
heights. As the lumen output of sodium vapour lamps is quite appreciable flood-light 
units with medium and wide angle coverage, mounted at suitable heights are preferred. If 
the flood light is mounted at a height of 6 to 10 M, it would be away from the normal 
vision angle of a man approaching it and there would be no problem of glare. If the 
design of flood lighting is followed in an orderly fashion, it is easy to obtain uniform 
illumination in the outdoor switch-yard. 
 The purpose of street lighting at sub-station is to promote safety and convenience 
in the approach roads and, side walks inside the switch-yard etc. The aim should be to 
provide conditions of visibility adequate for proper and comfortable vision. 
 
2.12.1 Emergency Lighting System 
 Emergency lighting is needed in case of failure of a.c. supply. In indoor location 
such as switchgear room etc. provision of incandesent lamps connected to dc supply 
system from the battery should be made at suitable locations which are brought in service 
in case of ac supply failure. These are normally wired through automatic changeover 
contactors at the dc distribution boards. 
 In out-door installations, where gas discharge lamps and tubes are employed, 
provision should be made for one incandescent lamp fitting of suitable wattage for a 
group of 5 to 6 gas discharge fittings. This would avoid total black-out in the event of 
voltage dip or interruption of ac supply. 

2.13 RDSO'S DRAWINGS 
Following are the drawings prepared by RDSO on distribution sub-stations. 

 
Sr. No. Drawing No. Title 
1. SK.EL.402S. Sheet 1 proposed layout plan of 
  11 KV/2 X 160 KVA / 250 KVA / 630 KVA 
  electric substation outdoor type. 
2. SK.EL.4028 Sheet 2. proposed layout plan of 
  11 KV/2 X 160 KVA/250 KVA/630 KVA 
  electric substation indoor type. 
3. SK.EL.3976 standard layout plan of 33 kv, 
  2X3 MVA capacity electrical 
  receiving sub-station 
4. SK.EL.3975 Grounding arrangement for 33 kv/ 
   11 kv substation with earth 
   resistivity of 250 ohm m. 
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2.14 COMMISSIONING OF SUBSTATION 
Before commissioning a substation, it is essential to perform the following tests: 2.14.1: 
Transformers: 
• LR value between primary winding and earth. 
•  LR value between secondary winding and earth. 
• IR value between primary & secondary windings. 
•  Voltage ratio between primary & secondary windings. 
• Di-electric test of transformer oil 
In addition to the above tests, the following checks shall be made. 
• Oil level. 
• Functioning of tap changer. 
• Functioning of Buch-holz relay if provided and its connections to the trip circuit. 

2.14.2 Circuit breakers: 
• IR value between incoming contacts and earth. 
• IR value between outgoing contacts & earth. 
• IR value between incoming and outgoing contacts. 
• Dielectric test of oil used in circuit breakers, 
In addition to the above, it is essential to check up all relays for proper functioning. 
2.14.3 Equipments 
It is necessary to check the IR values of the following equipments in addition to ensuring 
proper sizes of fuses in the metering circuits. 
• CTs. 
• PTs. 
• Metering circuit. 
• Cables. 
• Bus bars. 

2.15 MAINTENANCE OF A SUBSTATION: 
 Most of the equipment installed in a substation are "static" in nature. This fact 
may lead you to form an opinion/impression that these equipment need no maintenance. 
But this is NOT correct. Many  cases of fault occurences are as a result of lack of proper 
maintenance. Maintenance operation includes regular inspections, testing and 
rectification of defects when necessary. It is an orderly programme with predetermined 
intervals between inspections for proper maintenance. Furthermore, maintenance of 
complete records of each inspection is essential. If any replacement is carried out or 
adjustment of certain setting is done then these must be entered in a log-book. Such a 
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rigid system of maintenance will ensure long life, trouble free service and reduction in 
unnecessary interruptions. 
 Since, in a substation there will be a number of incoming and outgoing circuits 
each having its isolators, circuit-breakers, instrument transformers etc. connected to 
busbar system, maintenance of a particular piece of equipment is necessarily to be carried 
out with minimum interruption of the system. This situation particularly calls for 
vigilance, care and well defined scheme of procedures to be followed in planning, 
organising and carrying out maintenance work. Such a scheme will indicate the authority 
and responsibility of persons at various levels/ stages. Only then safety to personnel and 
equipment can be ensured. In the following paragraphs, typical standard procedure, 
common safety precautions, maintenance of  transformer, CB, isolator and switch yard 
etc. are dealt with. 
 All work on major electrical installations shall be carried out under permit-to-
work system which is now well established. 
 The "permit- to-work" card can be issued only by an authorised person. As the 
name suggests it authorises the maintenance supervisor and his team to carry out work. 
Furthermore, this card will indicate unambiguously the points at which it is safe to work, 
the time interval when it is to be done, steps to be taken to ensure safety such as earthing, 
display of danger notices etc., at the nearest live point. It should have the signature of the 
authorised person. After the work is completed the permit card should be cancelled and 
removed from the possession of those doing the work. 
Danger notices should be put up or removed by the responsible person / supervisor who 
will take the charge of any keys "to lock out items. 

2.15.1 Common Safety Precautions 
 Whenever in a substation, any maintenance work is undertaken following safety 
precautions should be observed: 
• Access to live parts should be prevented e.g. using locked enclosures. 
• Verify that the equipment to be maintained is isolated from all sources. 
• All auxiliary supplies to be isolated, springs of spring mechanism to be 

discharged and air system of the pneumatic mechanism to be exhausted. 
• Equipment which is isolated from supply for maintenance to be earthed before 

touching it. For earthing either a permanent earthing switch or a temporary 
earthing device to be used. 

• Whenever safety interlocks are provided no steps should be taken to defeat their 
purpose. (0therwise dangerous occurences are likely to occur). 

 Apart from above precautions, factors like clarity of layout, accessibility of 
installation, live line indicators and segregation can contribute substantially to the safety 
during operation and maintenance work. They are to be taken care of during designing or 
planning stage. 
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2.15.2 Maintenance of a transformer 
 It has been already indicated that to be effective, maintenance must consist of 
regular inspection, testing and reconditioning where necessary. Records must be kept 
giving details of any unusual condition and also of test results. 
The principal object of transformer maintenance is to maintain the insulation in good 
condition. Moisture, dust and excessive heat are the main reasons of insulation 
deterioration and avoidance of these will keep insulation in good condition. 
Oil:- 
 Oil is used as a coolant and dielectric in transformers and keeping it in good condition 
will assist in preventing deterioration of insulation immersed in it. It is suggested that 
relevant specifications be followed. Following are some of them: 
• Oil level should be checked at frequent intervals ,the cause of any serious loss of 

oil be investigated. 
• All leaks should be repaired as quickly as possible. 
• Oil for topping up should comply with relevant standard specification. Preferably 

it should be from the same source as original oil. 
• Samples of the oil should be taken at regular intervals and tested for dielectric 

strength, acidity and crackle. Records of these together with top oil temp, should 
be kept. 

 If the dielectric strength is low, oil should be reconditioned by passing it either 
through a centrifugal separator or a filter. 
 Reconditioning as mentioned above does not remove the acidity. If the acidity is 
increasing rapidly, the cover of the tank be removed to ascertain condition of the interior 
of tank, the core and windings. If corrosion and sludge formation is evident, then 
manufacturer may be consulted. 
 Cable boxes: The sealing arrangements for filling holes should be checked each 
year. If the compound has cracked, it should be replaced. Gasketed joints should be 
examined for tightness. 
 Explosion Vent: The diaphragm which is fitted at the end of the vent should be 
inspected at frequent intervals and replaced if damaged. If the diaphragm has broken as a 
result of a fault in the transformer, the nature and cause of the fault must be determined 
before replacing the diaphragm. 
 Breather (Silica gel): Breather should be examined at intervals not exceeding 
three months to ascertain if the gel requires changing. The frequency of inspection 
depends upon climatic and operating conditions. More frequent inspections are needed if 
the climate is humid and load is fluctuating. 
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 When majority of gel crystals have turned pink the silica -gel should be replaced 
or reactivated. For reactivating heat the crystals in a shallow pan at a temperature of 150-
200 °C till the original blue colour is regained. 
 Bushings: Porcelain insulators should be cleaned at convenient intervals when the 
transformer is out of service. During cleaning operation the porcelains should be 
examined for cracks or other defects and any defective ones should be replaced. 
 Oil level in oil filled bushings should be checked at regular intervals. 
 Conservators: A valve is generally fitted at the lowest point of the conservator 
for draining and sampling. When sampling, care must be taken to run off any 
contaminated oil before taking a sample for testing. The inside of conservator should be 
cleaned every two or three years. 
 Buchholz Relav: Routine operation and mechanical inspection tests should be 
carried out at one or two yearly intervals. 
 The operation is tested by injecting air into the relay through the lower pet cock of 
a double float relay or the 45 degrees pet cock of a single float relay. After inspection, 
any air which has accumulated in the upper gas chamber must be released by the upper 
pet cock, filling the chamber with oil. 
 To carry out mechanical inspection , the oil level must be brought below the level 
of relay and the mechanism removed. The floats should be able to rise and fall freely. The 
mercury switches should be tightly clamped and in good order. If the glass of a mercury 
switch is cracked, there will be clouding of glass. In such cases switch must be replaced. 
 Gaskets: Gaskets sometimes shrink during service. It is, therefore necessary to 
check every six months the tightness of all bolts, fastening gasketed joints. The bolts 
should be tightened evenly round the joints to avoid uneven pressures. Leaking gaskets 
should be replaced as soon as possible. 
 Core and windings: The core and windings be removed from the tank for visual 
inspection at two year intervals The windings and core must be removed with great care, 
under cover and in a dry place. If this is not possible ,a visual inspection of as much of 
the transformer as can be seen within its tank should be carried out. The windings should 
be examined to ensure that no sludge has been deposited blocking the oil ducts. 
Any loose nuts and bolts should be tightened before lifting the core, all connections of 
windings to bushings or tap changer as also mechanical connection of tap drive must be 
disconnected. 
Pipe work: The pipe work should be inspected at least once in a year. Leaks may be due 
to slack union, which should be tightened or due to badly seated joints caused by 
misalignment. In this case, pipes should be aligned and. the joints remade. 
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2.15.3 Maintenance of circuit breakers: 
 Of many items which need inspection and maintenance, the circuit -breaker is 
perhaps the most important. Because of the duty on circuit- breakers, their relative 
complexity and the fact that they contain moving parts and elements subject to 
deterioration, circuit-breakers usually need more frequent and more prolonged 
maintenance. In general, for maintenance of CB the instructions of the manufacturer 
should be followed. A few salient points on maintenance of CB are given below: 
 Under normal operating conditions during regular inspections following checks 
should be made. 
• The contacts should be checked for proper alignment and their surfaces should 

bear with firm , uniform pressure. 
• The oil level should be checked and maintained. 
• The oil condition should be tested  and if dielectric strength is lower than 

specified, oil should be filtered While taking oil samples normal precautions 
should be followed. If water is found an investigation of the cause should be made 
and a remedy applied. 

• All insulating parts should be thoroughly cleaned to remove all traces of carbon 
which may remain after the oil has been drained from the tank. 

• Check the tripping of the breaker through devices which will have to function on 
fault or overload. 

• Check indicating devices such as mechanical on and off indication, as an incorrect 
indication may at some times lead to a fatal accident. 

• Check auxiliary switches for cleanliness and contact making. 
• Check all bolts and nuts for tightness. 
• Check links of operating mechanism for smooth movement. A small quantity of 

appropriate lubricant should be applied at joints. Excess of lubricant should be 
avoided because it may find way in other parts. Remove dust laden lubricating oil 
before applying new lubricant. 

 If a CB operates under fault conditions to interrupt a fault, then maintenance after 
such occurence should be carried out giving special attention to the following items. 
• Current carrying parts: All contacts including isolator contacts should be 

examined, dressed or replaced if necessary. 
• Insulation should be cleaned of carbon deposits. Examination be made of cracks, 

tracking or other damages. 
• Arc control devices should be checked and dismantled, if any carbon or metallic 

deposits are found these should be removed. 
• All joints and seals should be examined for tightness. 
• Oil should be checked in case of oil circuit breaker. 
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• The general inspection of mechanical damage or distortion of the structure and 
mechanism should be made . The switchgear should be closed and tripped by each 
of the methods provided. 

 In addition to the periodical maintenance carried out as above, every circuit 
breaker will be completely overhauled after five year interval. 
2.15.4 Maintenance of Isolators 
 The ease of maintenance is mainly a question of access. This is influenced by the 
method of mounting. Isolators mounted upside down, or with their insulators horizontal 
often present access problem. During maintenance insulators are cleaned with lintless 
cloth slightly soaked in gasoline. The condition of all contacts is checked and on 
detecting any trace of burning, the defective contacts are cleaned or replaced with new 
ones. Old grease is washed from the insulation rubbing the pan with kerosene and a thin 
layer of fresh grease is applied. Loose bolts and nuts are tightened at all points. The 
operating mechanism of isolator is checked by closing and opening each isolator several 
limes with the line de-energized. 
 When adjusting the mechanical parts of 3 phase isolators, the switch blades are 
checked for simultaneous closing. Isolator blades are checked for ease of engagement 
with fixed contact jaws. 
 Isolator contacts must make a close fit in order to avoid excessive heating when 
closed. This is checked by feeler gauge of 0.05mm (10 mm wide). Contact springs are 
checked both in compressed and free state. Contact surface are coated with acid free 
petroleum jelly containing minute quantity of graphite. 
 Condition of isolator insulation is determined by measuring insulation resistance 
with megohmeter. The general overhaul of isolating switch should be carried out every 2-
3 years. 
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ANNEXURE-I 
RECOMMENDED   MAINTENANCE   SCHEDULE   FOR   TRANSFORMER   
OF CAPACITIES OF 1000 KVA & ABOVE 
S.No. Inspection Items to be Inspection Action required if 
  Inspected points inspection shows 
    Unsatisfactory 
    condition 
1.         Hourly Ambient - - 
  temperature 
2. -do- Winding temp Check the Shut down the 
   temperature transformer and 
   rise is reasonable investigate if temperature 
                                                                                          is persistently higher 
3. -do- Oil temp. reasonable      
4. -do- Load (amps.) Check (An improper condition 
   against rated can cause 
   figures excessive core loss.) 
 5. -do-  Voltage    
6. -daily Oil level Check If low, top up 
  in transformer against with dry oil, 
   transformer oil examine 

  level transformer for 
    leaks. 
7. -do- Relief diaphragm -- Replace if 
  (explosion vent) -- cracked or broken. 
8. -do- Dehydration Check that If silica gel is 
  breather air passages pink change by 
   are free. Check spare charge. 
   colour of The old charge may 
   active agent. be reactivated for 
    use again. 
    
 
9.  Quarterly Bushing Examine for Clean or replace. 
   cracks & dirt  
   deposits. 
 
10. -do- Oil in Check for Take suitable 
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  transformer dielectric action to restore 
   strength & quality of oil. 
   water content  
11. -do- Dehydrating Check oil Make up oil if 
  breather level in required. 
   oil cup and  
   that air pass-  
   ages are free.  
12. Yearly* Oil in Check for acid- Filter or 
    (Ref:ISlS86) transformer -ity & sludge replace 
 
13 -do- Insulation Compare with Process if 
   resistance value at the required. 
   time of  
   commissioning  
14. -do- Oil filled Test oil Filter or 
  bushings  replace. 
15. -do- Gasket joints  Tighten the 
    bolts evenly 
    to avoid 
    uneven pressure. 
16. -do- Cable boxes Check For Replace gaskets 
   sealing if leaking. 
   arrangements  
   for filling  
   holes.Examine  
   compound for  
   cracks.  
17. -do- Arcing horns Examine for Clean 
   dirt deposits.  
18. -do- Surge diverter Examine for Clean or replace 
  And gaps cracks & dirt cracks &.  
   deposits dirt deposits.  
19. -do- Relays, alarms, Examine relay Clean the 
  their circuits alarm components & 
   contacts, replace 
   their contacts & 
   operation, fuses if 
   fuses etc. necessary. 
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   Check relay Change the 
   accuracy etc , setting if 
                                necessary 
 
20. -do- Temperature Pockets holding Oil to be 
  indicator thermometers replenished 
   should be if required. 
   checked.  
21. a) 5 yrly 1000 to 3000 Overall inspection Wash by hosing 
  KVA. including down  with clean dry oil 
   Lifting of core 
    
22. b) 7-10 yrly Above 3000 -do- -do- 
  KVA 
 
Notes: 
i) With respect to on-load tap-changer the manufacturer's recommendation should 

be followed. 
ii) The silica gel may be reactvitated by heating to 150-200°C. 
iii) Every time the drying medium is changed, oil seal should also be changed. 
iv) No work should be done on any transformer unless it is disconnected from all 

external circuits and the tank and all windings have been solidly earthed. 
v) In case of anything abnormal occuring during service, maker's advice should be 

obtained giving rum complete particulars as to the nature and extent of occurence, 
together with the name plate   particulars in order to assist identification. 
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ANNEXURE-II 
SCHEDULE FOR INSPECTION & MAINTENANCE OF OIL CIRCUIT 
BREAKER SCHEDULE FOR INSPECTION 
 
Frequency of Equipment item Point to be checked Remarks 
Inspection to be inspected / noted 
 
Daily  a) General Examine the switch- --- 
-do-  cleanliness gear premises, the doors, 
   OCB etc.for 
   general cleanliness. 
Daily  b) Oil Check for oil leaks --- 
 
Daily  c) OCB tank Examine for the following  
                                                             a) signs of local heating 
                                                             b) Any unusual smell/noise 
Daily                     d) Auxiliary fuses       check that auxillary fuses are intact 
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3.0 OVERHEAD POWER LINES 
 

 

3.0 INTRODUCTION 
All overhead power lines are expected to comply with the latest provisions of 

Indian Electricity Act and Rules made there under and the regulations or specifications 
as laid down by Indian Railways, Department of Telecommunications, roadways or 
navigation or aviation authorities, local governing bodies, defence authorities and 
Power and Telecommunication Coordination Committee (PTCC), where applicable. 
Relevant matters requiring attention of such authorities should be referred to them and 
their approval obtained before planning the layout and installation during construction 
work. Such references should be made within appropriate time so as to ensure smooth 
progress. Important I.E. Rules governing distribution lines are given in the following 
paragraphs. 

Before deciding the basic parameters of the line, information regarding the total 
load including future extensions, point of supply or area to be covered should be 
exchanged between the designer and distribution authorities. On the basis of this load 
and the length of the line the designer should predict the most economic system of 
voltage and conductor size. 
3.1 CHOICE OF VOLTAGE 

The cost of the lines is one of the deciding factors in the choice of voltage. The 
general rule is that the voltage of the line is taken as 0.6 KV per KM of the length of the 
line. For short distances, power supply distribution voltage of 11 KV is most common, 
distribution at other voltages such as 3.3 KV and 6.6KV is restricted to within industrial 
premises. For distribution to consumers 415/240V is standard. 

Besides other considerations, the following factors should be looked into before 
making the choice of voltage. 
• Magnitude of the power to be transmitted, 
• Length of the line, 
• Cost of the terminal equipment and, 
• Economy consistent with the desired reliability. 

While making choice of voltage the main consideration with feeders is economy 
and with distributors it is the voltage drop. 

The voltage shall be in accordance with the recommendations of 1S:12360, the 
preferred values of ac nominal system voltages are given in the table below: 
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Preferred  Nominal Highest system Lowest system 
ac system Voltage Voltage Voltage 
 
1-Phase 240 V 264 V 216 V 
3-Phase 415 V 457 V 374 V 
3 -Phase 3.3 KV 3.6 KV 3.0 KV 
3-Phase 6.6 KV 7.2 KV 6.0 KV 
3 -Phase 11 KV 12.0 KV 10.0 KV 
3-Phase 33 KV 36.0 KV 30.0 KV 
 
3.2 CONDUCTOR 
 There are good range of conductors available these days for carrying power 
through overhead lines. The most commonly used conductors for distribution of power 
up to 11KV are Aluminium Conductors Steel Reinforced (ACSR), all aluminium 
conductors, galvanised steel conductors and copper conductors. 
 Due to the shortage of copper and zinc in the country, it is recommended not to 
use copper and galvanised steel conductors. Attention is drawn to the use of steel 
reinforced aluminium conductors and alluminium alloy stranded conductors. 
Requirements for these types of conductors have been covered in the appropriate parts  
of  IS:398. 

3.2.1 Aluminium conductors steel reinforced (ACSR) 
 These conductors are made up of a galvanised steel core surrounded by stranded 
aluminium wires. The principal advantages of these conductors are high tensile 
strength, light weight giving small sags, longer spans and much higher corona limit due 
to bigger diameters. The principal disadvantage is that larger diameters increase the 
pole loading due to windage necessitating heavier poles. Their ultimate strength ranges 
from 125% for small size to about 180% for large sizes as compared with 100% of 
copper. 
 In coastal, industrial and other corrosive atmosphere, it is preferable to coat the 
steel core with suitable corrosion preventive grease to mitigate galvanic action and 
galvanic corrosion, 
3.2.2 All Aluminium conductors 
 These are stranded conductors made of aluminium wires. These conductors are 
strong, durable, light weight and possess high conductivity. The average ultimate 
strength of stranded aluminium is about 65% of stranded copper. They need special 
care in handling. All aluminium conductors cannot take much tension as compared to 
ACSR conductors and, therefore, the span lengths get restricted. 
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3.2.3 Galvanised steel conductors 
 These are stranded conductors made of galvanized steel wires. The principal 
disadvantage with these conductors is their relatively short life, which is about 16 years 
in rural areas and about 9 years in industrial areas and during which period iron 
insulator binders require frequent renewal owing to rapid corrosion. They are easy to 
handle, have greater strength and are cheaper. 
 3.2.4   Copper conductors 
 Copper conductors are the oldest and most commonly used overhead line 
conductors. These are the basis of comparison for all other types which are rated 
according to their copper equivalent current carrying capacity. The principal advantages 
are, high conductivity, long life, simplicity of jointing, less windage effect due to small 
diameters and thus lighter poles and high scrap value. The principal disadvantages are 
low line tensions and hence large sags, short spans and greater number of poles. 
 Physical and electrical properties of ACSR, all aluminium conductors and 
copper conductors shall be in accordance with 15:398 and 18:282 respectively. 
3.3 EARTHING OF OVERHEAD LINES 
 There are two methods of earthing associated with overhead lines for reducing 
the damage to life and plant in case the protection system fails to operate or in case of 
lightning hazards. They are, 
i) Continuous overhead earth wires and, 
ii) Individual earthing of each pole. Continuous overhead earthwire is more 

commonly used and its main functions are, 
• To form a continuous and low resistance return path for earth leakage 

currents necessary for the operation of protective systems and, 
• To reduce the effects of induced voltage in adjacent communication 

circuits under fault conditions. 
 Individual earthing "of poles does not provide a continuous return path for earth 
currents although it reduces the effects of induced voltage in adjacent communication 
circuits under fault conditions. 
 Galvanised steel wires are very commonly used as earthing conductors. The size 
of the wire depends upon the span and the expected fault current. 
3.4 SIZE OF CONDUCTORS 
 The physcial and electrical properties of different conductors shall be in 
accordance with relevant Indian standards. All conductors shall have breaking strength 
of not less than 350 Kg. However, for low voltage lines with spans less than 15 M and 
installed either on owner's or consumer's premises, conductors with breaking strength of 
not less than 140KG may be used. The choice of the size of the conductors for a line 
mainly depends upon the following: 
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• Power to be transmitted, 
• Length of the line, 
• Line voltage, 
• Permissible voltage regulation and, 
• Mechanical strength. 
3.5 SPACING OF CONDUCTORS 
 To have proper insulation clearance, in order to avoid trouble due to birds and to 
avoid conductors clashing due to wind, it is very essential that conductors in an 
overhead power line are adequately spaced. 
There are no fixed rules for spacing arrangement of overhead line conductors. 
However, the following formula gives an economical spacing of conductors. 
D = 500 + 18 U + L2/50 where, 
D = spacing in mm, 
U = Phase to phase voltage in KV, 
L = Span length in M 
 For 33 KV lines minimum electrical clearance, horizontal and vertical, between 
the conductors is 1.5 M. both for lines on poles and towers. 
3.6 SPANS 
3.6.1 SAG-TENSION 
 In practice, for overhead line design, the general theory for sag-tension is based 
on the fact that if a flexible wire of uniform weight is suspended at two points at the 
same level, it sags and assumes the shape of a catenary curve. For short spans normally 
adopted for distribution lines the catenary is very nearly a parabola and hence the sag is 
calculated by the following formula: 
s = wl2/8T where, 
s = sag in M. 
w = weight of loaded conductor in kg/M, 
1 = span length in metres, 
T = maximum working tension in conductor in kg. 

3.6.2 Span lengths 
 As per IS: 5613, the recommended span length for lines up to 11 KV are, 45, 60, 
65, 75, 90, 105 and , 120M. For 33 KV line onwards (single circuit and double circuit) 
range of spans is 180 - 305 and for line on poles (single circuit) range of span is 90-
135M. 
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3.7 CLEARANCES 
 Minimum clearances for any conductor of an overhead line from ground and 
buildings at different places shall be given below : 
  For low & For HV Lines  
   MV lines (m) 
   (m) 
1                 2 3 4   
 
a) Minimum height of any 5.8 6.1 
 conductor of an overhead 
 line across any street. 
b) Minimum height of any 5.5 5.8 
 conductor of an overhead line 
 along any street. 
c) Minimum height of any conductor 4.6 4.6* 
 (bare) of an overhead 
 line erected elsewhere. 
d) Minimum height of any conductor 4.0 4.0** 
 (insulated) of an overhead line 
 erected elsewhere. 
e) Minimum clearance of overhead 2.5 3.7 
 line conductor from buildings. (vertical) (vertical) 
 from buildings 
   1.2 1.2*** 
   (horizontal) (horizontal) 
 
*       For 33 Kv line minimum height is 5.2 m. 
**     Not applicable for 33 KV lines. 
***   For 33 KV line clearance is 1.83 meter. 

3.8 CHOICE OF ROUTE 
 The proposed route of Line should be the shortest practicable distance. The 
following factors shall be considered in the choice of the route. 
• It is advantageous to lay the line near to and along roadway or railway. 
• The route should be as short and as straight as possible. 
• The line should be as away as possible from telecommunication lines and should 

not run parallel to these. 
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• Crossing with permanent objects, such as railway lines and roads should be 
minimum and preferably at right angles. 

• Difficult and unsafe approaches should be avoided. 
• The fine should be away from the buildings containing explosives, bulk storage 

oil-tanks, oil or gas pipelines. 
3.8 MAINTENANCE OF 33 KV, 11KV, MEDIUM AND LOW VOLTAGE 

DISTRIBUTION LINES 
3.8.1 Introduction 
 The maintenance work pertaining to the overhead lines, generally consists of, 
• Systematic pre-planned routine inspection followed by necessary preventive 

maintenance. 
• Special inspection before the usual difficult operating period of line during the 

year as-for example before the on-set of monsoon followed by necessary 
maintenance to prevent possible outages, and 

• Special inspection after each and every interruption of line to pin point the 
nature of defect on the lines followed by necessary repairs. 

The important components of 33 KV, 11 KV, and LT distribution lines are, 
• Supports and cross-arms, 
• Insulator and fittings 
• Conductors and accessories 
• Guys and accessories, and 
• Gang operated switches and fuse units.  
3.8.2 Maintenance of Lines 
 The overhead lines should be inspected periodically for maintenance purposes to 
detect any fault which may lead to breakdown of electric supply and necessary repairs 
should be programmed soon thereafter. 
 All overhead lines should be patrolled periodically at intervals not exceeding 
one month at ground level while the line is live. The main points to be noted while 
patrolling the lines are as under. 
 Tilted poles, deformed or tilted cross arms, settling or bulging of soil around 
pole foundations, yielding of foundations, cracks or breaks in the poles (PCC/RCC) 
above the ground level, missing/ loose nuts, rust and cracks in the cross arms etc. 
 The patrolling party should write inspection reports and pass them on to the 
concerned Official for arranging necessary repairs. The line patrol log sheet should be 
maintained by the Sectional Officer in the proforma given at Annexure-I 
 
 

   36



 

Special Inspections 
Interruptions and break-downs on the overhead lines are usually much more during 
particular season of the year. If suitable preventive maintenance is carried out, it is 
possible to minimize these power failures. Usually many break-downs occur soon after 
the monsoon break out. Therefore, it is worthwhile programming a special inspection of 
the lines just before the monsoon period. The inspection is normally carried out with the 
overhead lines without current to enable very close inspection of the line. 
 In order to avoid prolonged and repeated interruption for this work, the normal 
practice is to arrange to pool all available men and concentrate on a stretch of line. Side 
by side, with this inspection, the repairs obviously necessary are also carried out 
simultaneously to the extent possible. 
Emergency Inspection 
 When an overhead line trips on a sustained fault, it should be inspected to find 
out the nature of fault such as loose sag, snapping of conductors, tree branches touching 
the line, conductors falling on cross arms etc. The improvement with a view to avoid re-
occurrence of such faults in future should be arranged and carried out soon after. 
3.8.3 Maintenance of lines 
 The defects which are usual and noticed by inspection staff are given below for 
various components. Any items which are special and not covered by these, should be 
specifically brought to the notice of the concerned Official for special attention. 
Tree Clearance 
 Trees or branches of tree which come very close to the lines should be felled or 
trimmed. An adequate clearance on each side of the line has to be maintained by such 
trimming of the branches. All the dead woods are also to be removed from the line. Any 
extraneous object such as creeper, kite, etc. may be removed. 
Supports 
 Various types of supports and cross arms are being used for 33 KV, 11KV and 
distribution lines. They are, 
• Wood poles, 
• Steel supports (rails, RS joists, fabricated structures), 
• PCC Poles, and 
• RCC poles. 
All metallic supports should be painted once in 5 years. 
 The supports along the roads should be painted with black and yellow strips up 
to a height of 1.80 M to protect them against possible damages during the night by the 
fast moving vehicles on the road. 
 The condition of concrete foundation, if provided, may be examined and 
ensured that no undue damage has occurred If any soil erosion has been noticed at the 
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foundation, corrective steps for strengthening of the foundation may be taken to protect 
the pole from falling/tilting. 

Cross Arms 
 All metallic cross arms should be either galvanised or protected by suitable anti-
corrosive paints like Zinc rich coatings. 
Insulators and fittings 
 While inspecting the lines, the following defects in the insulators and their 
fittings should be observed. 
• Broken or chipped porcelain insulators 
• Accumulation of dust, coal or salt etc. on the insulators. 
• Excess rusting of fittings. 
 The insulators of an overhead line are subject to mechanical and electrical 
stresses which shorten their life. Deterioration of insulator is also caused by pollution 
and temperature changes. Damaged insulators can be detected during periodical 
inspection. These should be replaced as soon as shut down of the line can be taken. The 
other defects as pointed above should be attended to by taking line block. 
 Where insulators are observed to have been polluted because of atmospheric 
contamination, such as, in saline and chemically contaminated areas, they will have to 
be cleaned after taking necessary line clear. 
Conductors and accessories 
(i)     Measurement of clearance of lines 
Ground clearance of the conductor should be checked periodically at least once in a 
year as they may change due to changes in atmospheric conditions or any other 
mechanical reasons. If ground clearance of the conductor is found not in conformity 
with the lE. Rules corrective steps such as re-tensioning of the lines have to be taken 
after taking line clear. 
(ii)     Pole to pole inspection. Other points which need checking are given below, 
• Looseness of binding. 
• Broken strands. 
• Unequal sagging. 
• Slipping of conductors from the clamps. 
• Broken or burnt strands of the jumpers. The following corrective measures 

should be taken, 
• Slipped conductors or broken/burnt strands of the jumpers may be replaced. 
• Repairs of loose binding and broken strands may be done. 
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• Checking for loose connections and signs of overheating at the point of jumper 
connections may be done. 

• Checking for crowding or jumbling of wires and jumpers of the tee-off point 
may be done and adjusted where necessary. 

 Checking for general conditions of other line accessories such as parallel groove 
clamps jointing sleeves and other fittings may be done. Readjust and replace where 
necessary. 
Stays/Guvs and its accessories 
At the time of inspection, the following points shall be kept in sight, 
• Loose or overtensioned guys, 
• Broken or chipped stay insulators. 
• Absence of storm guys in the fields. 
• Missing of earthing arrangements for the stay. 
• Rusting of stay wires. 
• Corrosion of stay rods. 
• Condition of the stay anchoring. 
 Wherever necessary, the defects noticed in the above places should be attended 
to, immediately. 
Gang operated switch and fuse units 
At the time of inspection, the gang operated switches should be usually examined for, 
• Defective closing of switch. 
• Missing earth lead connection & locking arrangement. 
• Earth wire cut or corroded.  Cracked or chipped insulators. 
 The above defects should be rectified after taking line clear and the following 
works should be carried out, 
• Clear all dust and other deposits with neat dry cloth. 
• Check contacts for alignment, adequate contact pressure, smooth operation and 

adjust where necessary. 
• Examine for burning/overheating of contacts. 
• Check arcing horns for damages or burnt out ones. Replace wherever necessary. 
• Check all mechanical parts and examine and replace worn out pans. Lubricate 

and check for correct operation of the moving parts. 
 
• Replace old fuse wires with new ones of right capacity, and proper length. 
• Examine condition of the insulators. Lightning arresters 
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 During the periodical inspection, the lightning arresters should be checked for 
any damaged or broken porcelain and for any external indication of fused or sparked 
over arresters. Whenever any repairs or maintenance is being carried out after taking 
line clear, opportunity should be utilised for checking up the line and earth connections 
for their tightness, damages if any found, should be rectified. 
11 KV Cable and cable boxes 
 During inspection, whether the cables and cable boxes are supported properly 
should be checked. Also, any damaged insulator bushing or leakage of compound from 
the cable box should be checked up and arrangements for replacement or topping up 
with the compound should be made. During shut down, the connections from the 
bushing terminal to the overhead line, earthing of the cable and also the overall 
condition of the cable and cable box and joint should be checked. 
Earthing system 
 The earthing connections of supports and metal fittings shall be periodically 
checked for their tightness and proper contact. 
3.8.4 Conclusion 
 A systematic recording of the maintenance work done periodically is necessary 
to watch the behaviour of the lines against various faults. The line patrol log sheet as 
given in Annexure I should be followed in the field to record the nature of maintenance 
work undertaken. 
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4.0 POWER CABLES 
 

4.0 TYPES AND APPLICATIONS 
 Presently PVC and XLPE cables are being used in electrical installations. The 
discussion is restricted to these two types only. The voltage ratings covered are up to 
and including 33 KV. 
4.0.1 PVC INSULATED CABLES 
 PVC insulated cables, covered by IS 1554 are used where combination of 
ambient temperature and temperature rise due to load results in conductor temperature 
not exceeding 70°C under normal operation and 160°C under short circuit conditions. 
4.0.2 XLPE INSULATED CABLES 
 XLPE insulated cables, covered by IS 7098 are used where combination of 
ambient temperature and temperature rise due to load results in conductor temperature 
not exceeding 90°C under normal operation and 250°C under short circuit conditions. 
XLPE cables are particularly suitable in following situations. 
• On vertical runs of unlimited difference in level,. 
• At locations having severe vibration problems, 
• At locations having higher ambient temperatures up to 70°C, 
• At conditions demanding short time overload up to 120°C and, 
• In systems having higher short circuit levels. 

4.1 CABLE INSULATIONS LEVELS 
 Selection of cable for a particular application may involve determination of the 
following parameters. 
• The rated power frequency voltage between each conductor and screen or sheath 

for which the cable and its accessories are designed or manufactured 
• The rated power frequency voltage between any two conductors for which the 

cable and its accessories are designed or manufactured 
• The maximum r.m.s power frequency voltage between any two conductors for 

which the cables and accessories are designed. It is the highest voltage that can 
be sustained under normal operating conditions at any time and at any point in a 
system. It excludes temporary voltage variations due to fault conditions, and the 
sudden disconnection of large loads 

• The peak value of impulse withstand voltage between each conductor and screen 
or sheath for which the cable and its accessories are-designed. , 
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4.2 CURRENT RATING OF CABLES 
4.2.1 Continuous current rating 
 The continuous current rating of the cable is dependent upon the evacuation of 
the heat generated in the conductor and is a function of following parameters: 
• Thermal conductivity of the core-conductors and armour (if provided) 
• Thermal resistivity of the soil 
• Specific resistivity of the material of the conductor 
• Thermal resistivity of the soil 
• Maximum conductor temperature permissible from the point of view of life of 
the insulation 
• Surrounding ambient temperature 
• Temperature coefficient of the conductor 
• Type of cable installation 
 While Indian standards is to be referred to obtain recommended ratings of cable, 
it is recommended that manufacturer's catalogue should also be consulted. 
 For derivation of formulas for computing the continuous current carrying 
capacity of cables, one may refer to several text books, but the designer can take 
guaranteed data regarding continuous current rating capacity of cables from the data 
furnished by the manufacturer respect of cables buried direct in ground. For cables 
supported in air, the standard current rating being based on a set of conditions 
pertaining to temperature and other influences to which the cable is exposed due to site 
installation conditions. 
 Another set of tables furnish the correction factors (rating factors) to be applied 
to the current rating obtained from the first set of current rating to derive the rating 
applicable to the actual installation. 
IS:3961 gives rating of a single, 650/1300V, 3 core 300 mm2 aluminium cable laid 
direct in ground at 305A, under following assumptions: 
Maximum conductor temperature - 70°C 
Thermal resistivity of soil - 150°C cm/W 
Thermal resistivity of PVC - 650°C cm/W 
Ground temperature - 30°C 
Ambient air temperature - 40°C 
Depth of laying - 750mm. 
 Now, if this cable is laid in soil with thermal resistivity of say 200°C cm/W, a 
rating factor of 0.92 is applicable. If depth of laying is 1 metre, a rating factor of 0.89 is 
to be applied. If the ground temperature is 35UC, a rating factor of 0.94 is applicable. 
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 "Thus effective rating of this cable will be = 0.92 x 0.89 x 0.94 x 305A = 
234.7A. 
 Recommended current ratings of 100 cables and rating factors applicable for 
different type of installations are given in IS: 1554 (part I). 
 The short time current rating of a cable for a specified short duration is based on 
the assumption that the heat generated during the short duration is retained without any 
dissipation. This rating assumes the conductor temperature should not exceed the 
maximum permissible temperature. Under this condition, temperature rise will be 
proportional to product of square of current and duration of the current, the temperature 
rise being limited by the characteristic of insulation. 
 The short circuit withstand capability of a cable has therefore, to be expressed in 
terms of current and the duration in seconds over which it can withstand short circuit 
current. The cables should have a short circuit withstand capability for a short duration 
so that the faults are detected by the relays and cleared by the circuit breakers or by the 
fuses without the cable being damaged by way of short time heating. The duration of 
short circuit should be decided keeping in view time of relaying and CB opening time. 
The Indian Standards and manufacturer’s tables indicate short circuit rating of the 
cables for various durations of short circuits. 
            Hence while designing the size of the cable for high voltage like 11 kv, 22kv, 
33kv etc, the cable size should be normally so selected that it will be able to with stand 
short circuit current for one second. The manufacturers tables as well as the I.S. give 
the sizes of conductors with the short circuit current ratings of one second duration. 
4.3 CONDUCTOR SELECTION 
Proper sizing of a conductor involves three factors : 
• Continuous current rating of “ Thermal ampere capacity” being the current that 

the cable can carry on a sustained basis after thermal equilibrium conditions are 
attained without causing impairment to the insulation, 

• Voltage drop restrictions, 
• Short circuit current. 
 Ampere capacity will determine the minimum size of conductor that can be used 
for a given type of installation. 
4.4 VOLTAGE DROP 
 Voltage drop restrictions will determine a maximum length that a conductor 
selected can be used before an increase in size is necessary to maintain the voltage at 
the load above a desired minimum value. 
4.5    TYPES OF CABLES 
Following are the types of cables used for distribution of electrical energy. 
PILC - Paper Insulated Lead Sheath Covered. 
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PVC - Poly-vinyl chloride. 
XLPE - Cross linked polyethylene. 
 
 

4.5.1 PILC (Paper insulated lead Sheath Covered) Cables : 
 For many years the pre-eminent insulation material for power cables from low 
tension to the highest voltages was oil impregnated paper. Impregnated paper has 
excellent electrical properties and in addition, has a capacity to withstand a high degree 
of thermal overload without excessive deterioration. However, PILC cables have the 
following disadvantages: 
• Prone to moisture and damage 
• Low current carrying capacities 
• Low operating temperatures. 
• Heavier weight and hence not easy to handle during installation. 
• Migration of impregnating compound which do not permit laying cables 
vertically or on steep slopes. 
 There was, therefore, a long felt need for a power cable insulation material, 
which had a combination of the non-hygroscopic or almost non-hygroscopic nature of 
thermoplastic materials, the electrical properties of polyethylene and the operational 
advantages of impregnated paper. 
4.5.2 PVC (Polyvinyl Chloride) Cables : 
 PVC insulated power cables have been developed as a suitable alternative in 
many instances to PILC Cables. PVC, introduced as a substitute for rubber, applied as 
continuous seam free extrusion as insulation and sheath, provides many advantages to 
the cable engineer. The neat appearance of these cables, bright colour, comparatively 
lighter in weight, more adoptive to installing conditions in circuits due to easier 
handling, simplified termination and jointing techniques and inherent flexibility makes 
it eminent!) suitable for use among many other applications in power stations, 
distribution systems, utility networks. 

Properties and advantages of PVC Cables 
• A basic advantage of PVC cable is that insulation resistance and breakdown 

strength are practically unaffected by moisture. In fact PVC cables may even be 
laid directly under water 

• PVC cables may be overloaded in short periods without any effect on cable life. 
• These cables can be laid vertically and on steep slopes, since there is no 

impregnating compound in these cables. Further, there is no danger of bleeding 
at lower level sealing ends. 

   44



 

•       PVC cables have high short circuit safety, since they can withstand a high 
transient conductor temperature without any deformation of insulation or 
displacement of conductors. 

• PVC cables are resistant to practically all chemicals encountered in practice. 
Most of the common acids, alkalies and saline solutions have no effect on PVC. 

• PVC cables are flame retardant since PVC ignites with great difficulty and that 
too when directly exposed to a flame, It does not propagate the flame. PVC 
extinguishes itself as soon as the source of fire is removed. 

•       PVC cables are easy to install and handle, due to their light weight. Besides there 
is a saving in cable supports. These cables have small bending radii that 
permit the termination of these cables in limited space. This eases the 
termination of PVC cables in switch boards and control panels. 

• Low tension PVC cables do not require sealing ends when installed indoors, 
hence termination is done quickly and economically. 

• PVC cables have a smooth outer surface resulting in a neat appearance when 
installed. PVC outer sheath is tough and abrasion proof - 

Selections of PVC Cables: 
 For selection of any type and size of cable, the following general points should 
be considered ; 
 What is the system voltage and the type of system? Dc system or ac system ? 
Single phase or  3 phase ? Earthed or unearthed  What are the conditions of 
installation? These decide the type of cable to be used. For example if there is no 
likelihood of subsequent mechanical damage after laying cable, cheaper unarmoured 
cables can be used instead of armoured cables. 
 What is the maximum continuous current expected? Is the system liable to have 
any overload for a considerable time? If necessary the complete load cycle may be 
plotted. While choosing the conductor size for this particular current, proper care is to 
be taken for all rating factors depending upon actual conditions of installations 
Moreover type of protection should also be checked. 
 The voltage drop that will occur when the cable is carrying full load current 
should be especially checked for L.T. distribution cables having longer runs. 
 On the basis of short circuit current expected and the time of clearance, the 
appropriate conductor size for cables may be selected. Usually the time of clearance for 
HT cables for selecting the short circuit rating can be taken as 1 sec, though fault 
clearances are accomplished in much less than a second wherever circuit breakers are 
provided. 
 While factors given above decide the minimum conductor cross-section, 
economics govern the optimum size which will give the minimum running costs. For 
this purpose, the minimum size along with two or three higher sizes are considered, and 
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annual running costs are worked out by calculating I2R losses (in money terms) and 
interest/depreciation of the cable cost. The total of the two give running costs. The size 
which gives the minimum running cost can be chosen. 
 Besides this, other factors such as standardization of cable sizes, future 
expansion, standardization of accessories etc. should also be considered especially for 
large distribution system. Information required with enquiry and order for PVC Cables 
The following details should be included in any enquiry for PVC cables. 
• Voltage grade. 
• Whether cable is used in earthed or unearthed system, 
• Type of installation - whether in air, in duct or laid in ground. 
• If cables are grouped together, then number of cables in group and vertical and / 

or horizontal spacing between them. 
• Required value and duration of short circuit current. 
• If cables are for intermittent or short time use, then nature of duty cycle. 
• Percentage variation of voltage and frequency. 
Following further information is also required for offering the exact type of cable for 
any specific purpose/location. 
• The normal ambient or operating temperature. 
• The maximum temperature to which the PVC will be exposed and the duration 

and frequency of such exposures. 
• The materials with which the PVC will be in contact i.e. oil, solvents, gases, 

acids, alkalies, mineral salts etc., at normal and maximum temperature. 
Testing of PVC Cables 
1) Routine Tests 
• Conductor resistance test 
• High voltage test. 
2) Type Tests 
• Annealing test (copper). 
• Tensile test (Aluminium). 
• Wrapping test (Aluminium). 
• Conductor resistance test 
• Test for armour wires. 
• Test for thickness of insulation and sheath. 
• Physical tests for insulation, sheath 
• Fire resistance test. 
• Test for bleeding and blooming of pigments. 
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• Insulation resistance test. 
• High voltage test (water immersion test). 
• Cold bend and cold impact test (optional) 
• Oil and heat resistance test.  
3) Acceptance tests 
 The following are the tests carried out by buyer on samples taken from a lot for 
the purpose of acceptance of the lot - 
• Annealing test (for copper). 
• Tensile test (for aluminium). 
• Wrapping test (for aluminium). 
• Conductor resistance test. 
• Test for thickness of insulation and sheath. 
• Insulation resistance test. 
• High voltage test. 
4.5.3    XLPE (Cross Linked Polyethylene) Cables 
 The continuous research for a better power cable insulation material ultimately 
resulted in the discovery of' 'cross linked polyethylene'' It was in 1960 that the first 
publication concerning its use in high voltage cables appeared and from 1964 onwards 
that its use gathered momentum. In addition, rapid progress in XLPE technology has 
resulted in a steady increase in the voltages for distribution by electric cables from 66 
K.V through 220 KV and beyond. 
 Thus the customer Engineers are now faced with a choice between the 
traditionally available paper Insulated power cables (PILC) and the new XLPE 
insulated cables. There are many factors which can influence their decision 
 The rapid growth in the use of XLPE cables can be attributed to their excellent 
performance resulting from the, 
• Excellent physical and electrical properties of XLPE insulation. 
• Availability of adequate supplies of good quality insulation and conductor 

shielding compounds.  
• Development of effective material handling and production processes for 

manufacture of finished cables. 
• Good operational electrical stress. 

Charging currents 
 The charging currents are considerably lower permitting close setting of 
protection relays. Easy laying and installation 
 Low weight and small bending radii make laying and installation of cable very 
easy. The cable requires less supporting due to low weight. - 
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 High safety, High safety against mechanical damage and vibrations.                                 
Application of XLPE cables 
 XLPE cables are being used extensively in all power stations and industrial 
plants. They are ideally suited for chemical and fertilizer industries, where cables are 
exposed to chemical corrosion or in heavy industries where severe load fluctuations 
occur and for systems where there are frequent over-voltages. Cables can also be used 
at higher ambient temperature on account of their higher operating temperature. The 
excellent installation properties permit the cable to be used even under most difficult 
cable routing conditions and also in cramped conditions eg. city distribution net-work. 
Single core cables due to their excellent installation properties are advantageously used 
in power stations, substations and, industrial plants. 
Advantages of XLPE cables over PILC cables 
• XLPE cables have higher operating temperature than PILC cables. 
• XLPE cables have a proven capacity for carrying emergency loads. , 
• XLPE cables have higher circuit current ratings. . , ,       .                   „ 
• XLPE cables have superior dielectric properties and hence lower dielectric 

losses. 
• XLPE cables are suitable for unrestricted vertical installation. 
• XLPE cables are more damage resistant. Installation of XLPE Cables 
 XLPE cables can be installed in air or, directly buried in the ground or can be 
laid in ducts and trenches. Being lighter they need less labour, lesser number of 
supports, clamps and cleats (when installed in air). They are also easier to install than 
PILC cables. 
The conditions of installation should be as stipulated in IS: 1255-1983 
Jointing and termination of XLPE cables 
XLPE insulation is highly resistant to moisture and hence jointing and termination are 
simpler than PILC cables. A full range of new generation of kits for jointing, modular 
units for, termination, resin encapsulated moulded push on type, cold shrink and heat 
shrink systems have all been developed for the XLPE cables, which provide easier and 
faster jointing and also assure reliable service. 
In fact, transition joints are also available for jointing of PILC cables to XLPE cables. 
Tests on XLPE cables 
 Governing specification IS: 7098 [Part 2) -1985. 
 XLPE cables are subjected to 
Type tests -   To determine their performance characteristics. 
Routine tests - To demonstrate Integrity of cable - 100% basis. 
Acceptance tests – ‘For deciding on Lot acceptance’. 
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Important Electrical type tests: 
Among the many tests stipulated in the specification, samples of finished cables are 
subjected to following important electrical tests, successively, on the same sample. 
• Partial Discharge (P.D.) test at 1.5 U. 
• Bending test followed by P.D. test 
• Dielectric power factor, as a function of voltage from 0.5 U to 2.0 U. 
• Dielectric power factor as a function of temperature at ambient and at 90°C. 
• Heating cycle followed by PF test as a function of voltage and P.D. tests. 
• Impulse withstand test. 
• High voltage test - 3U for 4 hours. 
4.6 PRECAUTIONS REQUIRED IN ERECTION OF CABLES 
4.6.1 Laid directly in ground 
 The depth of trench may vary between 75 to 100mm. The bottom of the trench 
is levelled, freed from stones and sharp edges of rock. A layer 100mm thick of clear 
river sand is laid at the bottom of the trench, After laying the cable, it is covered once 
again with a 100 mm layer of sand, where the soil conditions are not good. In other 
cases soft earth may be employed instead of sand. R.C.C. slab or one layer of bricks is 
usually laid, not only as a protection against  mechanical damage, but also to facilitate 
identification of the cable route. 
4.6.2 Drawn in pipes or ducks 
 The pipes may be of earthen ware, cast iron, galvanised iron or spun cement 
pipe. This is resorted to when crossing across streets or under railways tracks. The size 
should be sufficiently large to put in additional cables later if required. The advantage 
of laying ducts is that the cable may be drawn out and replaced without disturbing the 
ground above 
4.6.3 Laid solid in bitumen 
 This is done where the soil is chemically very active and/or corrosive and 
therefore, damaging to the cable. R.C.C channel sections 6.0 to 90mm long are first laid 
level at the bottom of the trench, and after the cable is laid bitumen is heated and 
poured over until cable is entirely covered, the whole being protected by warning R.C.C  
top caps. 
4.6.4 Supported on brackets 
 When the cable is installed above the ground, it should be suitably supported or 
suspended at sufficiently close intervals. On vertical runs suitable clamps should be 
used. 
 Whatever the type of construction it is extremely important to handle the cable 
carefully and ensure that it is not under any circumstances bent unduly. The minimum 
bending radius during installation should be as under. 
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Cable upto and including 11 K.V -              12 D. 
 22000 Volts cables                      -                   -     15 D. 
 33000 Volts 3-core cables        -                        20 D. 
 33000 Volts single-core cable     -               30 D.  
Where 'D' is the diameter of the cable. 
When planning trenches or ducts a bending radius of 2.7M should be kept for high 
voltage cables and 1.8 M for lower voltages. For smaller sizes of L.T. cables, a radius 
of 1.2 M may be permitted. 
Sufficient number of cable route indicators should be provided, at points which will not 
be disturbed, to show the route of the cable, as well as at every deviation in its 
direction, straight through or T joint box. 
4.7 CABLES-COMMON FAILURES AND CAUSES 
4.7.1 Insulation Failure 
It is generally accepted that the insulation fails because of the combined presence of the 
factors listed below: 
• Electrical stress is a significant factor affecting cable life. Voltage surges are 

caused by typical switching operations, clearing earth faults or lightning. 
• Presence of moisture - Only the forced ingress of moisture may cause the 

insulation resistance drop to a point where deterioration of the cable insulation 
starts. 

• Presence of contaminant or void and consequent ionizationespecially for 
extruded insulation such as PVC, PE, XLPE, EPR. Cables are more susceptible 
to these faults either due to defective manufacturing process of developed during 
the operation of the cable under varying load. 

• Mechanical damage to the cable insulation such as abrasion, crushing, cutting, 
flexing, necking and crimping etc. is the major factor affecting the life of direct-
buried cables specially low voltage cables of 1.1 KY grade. Mechanical 
embrittlement, cracking and shrinking caused by insulation aging also causes 
cable failures. 

•    Due to localized heat, certain gases may be evolved and certain chemical 
deterioration of cable insulation may occur. 

•     Electrical discharges will chemically and thermally erode the insulation and a small 
track of irregular shape {like a tree shape) may be carbonized. This process may 
be very slow initially and the rate of erosion increases exponentially with time 
and thus an effect known as a conducting tree may be formed through the 
insulation. 
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4.7.2 Unscientific laying and jointing 
 Although electrical cable withstand far more bending than most electrical 
equipment, there are limits to how far it can be bent, squeezed, or dragged over rough 
surfaces. Lack of attention to these limitations is the cause of most of the problems with 
high voltage cables. It is most important to note that failure is caused by damage at just 
one point along the cable, even though the cable may be undamaged else where . 
•       Abrasion is one of the most frequent problems. Cable can be damaged by dragging 

it over rough surface, gravel dirt, on concrete, pulling it through ducts without 
adequate lubrication compound, or dragging it into cable trays without using 
rollers. In many cases when a cable has flashed and failed, the arc damage 
obliterates the tell-tale signs of abrasion and so real cause of failure is never 
discovered. 

• Puncture of cable insulation which causes voids from which trees can start to 
grow can be caused by a variety of objects during installation. Sharp tools, nails 
in cable reels, and climbing spikes are among the chief culprits. Indirectly 
buried cable, puncture can occur even from the sharp rocks in the backfill. Cable 
trays which are increasingly popular method of distributing cable, can be a 
source of cable puncture especially if both are installed pointing inwards, cable 
can also be punctured by tools dropped into the trays.  

• In order to avoid over stressing of insulation, cables should not be bent at short 
radius. Bending of cable is limited by the shielding and by the armour. If the 
cable is bent too far the metal shield turns may pull apart so that when the cable 
is re-straightened the strands buckle and cut into the insulation. The same is true 
of interlocking strap armour, which may pull apart exposing sharp edges if the 
cable is overbent. 

• Over sharp bending during installation can occur in ducts, where the cable is 
brought out for splicing in conduit and surprisingly in cable trays. This latter 
problem occurs where the cable is dropped out of the tray. Care should be taken 
to install the proper transition fittings at the points where the cable leaves the 
trays. Bending may be too severe at tray corners if undersized sheaves are used 
when pulling cable around comers. 

• Corrosion of shielding tape and drain wires can occur as a direct result of 
allowing water to enter the cable. Galvanic action between the carbon in 
semiconductor and the metal of the shield wire corrodes the shield material. 
Once the shield parts, which can easily happen because of its light construction, 
the charging current arcs across the gap and quickly causes failure of the 
insulation. 

• Pressure on a cable can deform the insulation and reduce its ability to withstand 
voltage. The most common cause of excess pressure occurs when the cable is 
pulled around bends in ducts or cable trays. 
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•       Jointing of modern PVC, XLPE Cables is extremely simple compared with the 
skilled work required to joint the older type of insulation. It is important that 
jointing works be done carefully according to manufacturer's instructions, 
otherwise joints can become another obvious source of cable failure. Most of the 
faults are located in cable joints and terminations. A sizable proportion of these 
two types of faults is attributed to bad workmanship like use of improper 
jointing materials and incorrect process of jointing. 

4.7.3 Improper selection of cables 
 The proper selection and derating of power cables shall be matched to the 

environment and operating conditions. 
• Various factors affect safe working current carrying capacity of the cables in 

order not to damage the conductor or its insulation. The normal current carrying 
capacity is governed by maximum allowable conductor temperature and is 
specified by the manufacturer or by standard. It needs modification by derating 
the current carrying capacity taking into consideration the relevant 
characteristics of thermal circuit as governed by such factors, as grouping factor, 
spacing, variation in ground resistance, variation in thermal resistivity of soil, 
depth of laying, variation in ambient air temperature etc. 

 Failure to check the conductor size for short circuit heating could result due to 
disintegration of insulation material which may be accompanied by smoke and 
generation of combustible vapour. 
 It is essential to investigate its behavior under short circuit conditions. Short 
circuit currents produce thermal as well as dynamic electro-magnetic stresses in power 
cables. The electro-magnetic forces between adjacent conductors in a multi-core cable 
will tend to disrupt the internal structure of the cable. 
4.7.4 Failures during operation 

Properly designed and laid cables have a high reliability but after installation 
they are exposed to numerous hazards which ultimately may result in their failures. 
• The most common cause of failure in underground cables is accidental 

disturbance during excavation, or adjacent to the cable route without knowledge 
of the cable route or by third parties as water supply department, telephone 
department or soil drifting. Frequently the damage sustained by the cable is only 
slight and time may elapse before insulation deteriorates sufficiently to cause the 
circuit protective devices to operate. 

• Cable failure may arise due to overvoltage surges caused by lighting or 
switching transients. Periodical inspection of lightning arrester near the cable 
end shall be-carried out to avoid this type of failures. 

• Faults in joints and termination are caused by over heating at bad contacts, 
which result in loss of continuity in either the conductor or cable sheath. 
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• The life of cable is reduced appreciably through over loading. It is therefore 
necessary to ensure that cables are not generally loaded beyond their safe 
current carrying capacity. 

• The cable as a rule is not under constant observation and although 'size' or more 
properly 'cross sectional area' may have been correctly determined at the time of 
installation in relation to the load expected, the latter may increase as time goes 
and often lapse of years may lead to overheating unless records have been kept 
and loading watched. 

• High temperature is probably the most frequent cause of decreased cable life 
and failure. The life of cable insulation is halved and average rate of thermally 
caused service failures doubled for each 5°C - 15°C (average of 10°C) increase 
in normal daily load temperature 

• PVC insulation may undergo degradation during service on prolonged exposure 
to heat and radiation. Degradation is further accelerated during service on 
account of higher temperature rise (12R) under conditions of overloads. In 
physical terms degradation causes loss of insulation and increased brittleness 
and the loss of plasticity and colour. Structural degradation causes formation of 
micro-voids in the layer of insulation. In chemical terms, degradation of the 
PVC results in the liberation of HCL from the polymer. The corrosion action of 
hydrogen chloride on the surface of aluminium is localized and manifests itself 
as corrosion pits on the surface of the conductor. 

4.7.5 Environmental conditions affecting failure 
Certain factors external to the cable may affect the life of the cable. Useful life 

of cables is affected by chemical/electrolytic/bacteriological corrosion depending on 
such factors as soil acidity, free moisture etc. For all metal sheathed cables which are to 
be installed underground it should be ensured that the metallic sheath and armouring is 
adequately protected against corrosion. 
• The cable route and soil condition should be properly studied for the presence of 

aggressive chemicals. The intensity of corrosive attack depends upon the 
composition, moisture content of the soil and access to free air. Sandy ground is 
least aggressive. Acid, boggy and saline soils are most aggressive. Soil with pH 
value of 7 to 9 are taken as neutral soils. The lead sheathing will also be affected 
if the cables are laid in ground containing drainage water or waste water of 
chemical plants. Chemical seepage into ground water, or direct contact due to 
process maloperation may result in chemical coming into contact with a cable, 
system and affect the cables. 

• In certain environments, cable systems may be subject to attack by animals, 
insects, plants and fungus, all of which may possibly cause cable failure. Rats, 
other rodents and insects may eat organic materials, cutting through them or 
weakening them so that they fail under load. 
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• Plasticisers used in manufacture of plastic insulation are susceptible to growth of 
fungi. 

• Periodic inspections should be made on all cable installations. It should include 
check for excessive cable temperature, discolorations caused by excessive 
temperature, the accumulation of water in cable ducts, built up trenches, 
dripping of water, oil or other liquids onto cables, indication of insulation 
swelling, brittleness, corrosion of lead sheath, armour, or other signs of 
deterioration. 
Testing of cables is conducted for two reasons. Firstly without any special 

cause, perhaps as a routine inspection to find out whether the cables are in good order 
and secondly to determine the fault. 

The insulation resistance of a cable depends on its length and operating 
temperature. A longer cable has more leakage paths than a shorter cable hence the 
insulation resistance of a longer section of the same cable is less than that of a shorter 
section. Insulation resistance alone is not a primary indication of the condition of the 
cable insulation. Normally the level of the insulation resistance is not a value by which 
the operational reliability of the cable may be judged. Only the forced ingress of 
moisture may cause the insulation resistance to drop to a point where deterioration of 
the cables reliability must be expected. This is the reason why test regulations for power 
cables issued in various countries do not give specific insulation resistance values. An 
abnormally low insulation resistance is frequently indicative of a faulty joint or 
termination or grossly deteriorated insulation condition. 

Absorption of moisture affects the insulation resistance measured after the 
application of the voltage for a longer period, say, ten minutes. The most practical 
approach to establish the initial insulation level is to employ the 'polarization Index 
Method’ for high voltage cables. This method appears to be the most safe, reliable and 
predictable means to track the progress of the cable over the extended period of time. 
The test voltage level employed shall be decided considering the voltage rating of the 
cable. Once the level is determined it must be applied in all future tests. The key to 
meaningful results is consistence in all aspects of testing. If a periodic test program is 
established it should be performed approximately the same time of the year under the 
same set of conditions as near as possible, using the same test voltage and same type of 
instrument. It is a safe test that will not overstress the insulation and yet will reveal its 
condition. A steadily rising insulation resistance curve indicates clean dry insulation 
while a flat curve indicates moisture. A good to excellent index is 3 to 4, a poor to 
questionable index is 2 to 1.When the polarization index level starts at 3 to 4 base level 
and begins to fall one or two years later to 1.5 to 2 it is apparent that either the cable has 
become dirty or wet or the insulation has become weakened to an unsafe condition. 
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5.0 GENERAL DESIGN ASPECTS OF 
ELECTRIFICATION 

 

5.0 INTRODUCTION 
 
 Electrification is a bridge between electric load and electric supply. Its design is 
very important. If it is under-designed, it may lead to stoppage of work, spoilage of 
material etc. On the other hand when it is over designed, it may incur huge cost of 
installation without any added advantage. 
 
A good design of electrical wiring will take into cognisance the following factors: 
• Value of load, 
• Nature of load, 
• Supply system. voltage and frequency and permissible variations in standard 

values of voltage / frequency, 
• Protection needed for persons operating the equipment, 
• Protection needed for the wiring installation and protection of 

equipment/machinery/ premises. 
The following loads are usually found in house-hold: 
• Lighting load, 
• Fan load (ceiling/pedestal/table/exhaust), 
• Heating load (oven, electric iron, electric kettle, geyser, water heater etc.) and, 
• FHP motor load (washing machine, water pump, dish washer, refrigerator, 

evaporative cooler, air-conditioner etc.). 
Industrial loads are always large as they cater to the following 
• Lighting load, 
• Fan load, 
• Heating/ventilation/refrigeration load and, 
• Machine/equipment load. 
             Before attempting design of wiring systems, the various load systems should be 

designed to meet the requirement of the building/workshop/industries etc. 
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5.1 SUPPLY SYSTEM 
In India we have the following supply systems: 

 Voltage Frequency # of phases  
 (V)                     (Hz)                            (No) 
Domestic 240 50 1 
Consumption (+/- 6%) (+/- 3%)  
Industrial and 415 50 3 
multi-storey +/- 6% +/- 3% 
buildings (Ph to Ph) 
(4 wire)   240 
 •+/- 6% 
 (Ph to N)   

 

Distribution of sub-circuits 
To keep voltage drop within permissible limits, loads are divided into sub-

circuits. Therefore, light and fan circuit shall not exceed 10 points of light/fan/socket 
outlets and total wattage of the sub-circuit shall not exceed 800 W. 
5.2 CONDUCTORS AND CABLES 

Copper and aluminum conductors are extensively used for electrical purposes. 
Insulation on conductors is a must to prevent electric shock to people or cattle and also 
for preventing faults due to short circuiting. Faults lead to heating of conductors and 
insulation and fire. Conductors covered with insulation are known as cables. 

Aluminium cables are cheaper than copper cables. Aluminium cables for every 
purpose are available and their use shall be preferred for economy. Stranded conductors 
are covered with insulation to add flexibility in the cables. Single strand copper cables 
are used in small sizes and single strand aluminium cables are used for house wiring. 
Stranded cable sizes are expressed by giving number of strands and dia of conductor in 
mm. For example 3/0.029 size cable will have 3 strands of conductor wire and each 
strand has 0.029 mm diameter. 

Cables are designed considering the voltage and current to be encountered by 
the cable in the normal use. Size of the conductor will be more for large current. Cable 
manufactures supply chart giving various characteristics of their cables which could be 
used for selection of cables. Every cable is assigned a rating which is based on the 
temperature that can be withstood by it. It should be noted that such rating is applicable 
when cable is in normal use. When cables are bunched or they run through conduit/duct 
or the cables are laid in ground, heat dissipation of the cables will be less than when 
they are used as single cable in air. This increases the operating temperature of the 
cable. Therefore, when cables are bunched or run through conduit/tray or laid, normal 
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rating should be reduced or derated by multiplying with derating factor specified in 
manufacturer's catalogue/IS:3961. 

5.3 SELECTION OF CABLES 
Economic size of cable should be such that it can carry the maximum expected 

current without damaging its insulation and at the same time voltage drop in the cable 
does not exceed the permissible voltage drop specified in IS:732. Voltage drop between 
the supply point in any building and any outlet should not be more than 3% of nominal 
voltage in case of power load and 1% of nominal in case of light load. Voltage drop 
restriction is necessary otherwise voltage available at outlet may not be sufficient to 
give desired service. Multi strand aluminium cable of 1/1.40 mm 2 cross-sectional area 
is generally used for ordinary lighting and fan if length of sub-circuit is not very large. 
For power sub-circuits 1/1.80 multi-strand aluminium cable (2.5 mm2 cross sectional 
area) is used. For motor load power circuits and heavy load circuits or cables running 
upto distribution board, the cable size shall be calculated from IS;3961. 

5.4 PROTECTION SCHEMES 
Every electrical installation shall be so designed that, 
• There should be a ready means of isolation of a circuit from power in case of 

accident or when servicing of circuit is needed by use of suitable switches, 
• All conductors/cables are able to carry maximum expected current producing 

minimum heat and voltage drop, 
• Protection is provided against excessive current (due to fault conditions or 

otherwise) by means of either fuse or circuit breakers, 
• Protection is provided against electric shock by use of Earth Leakage Circuit 

Breaker (ELCB) or residual current breakers (RCB) 
5.5 EARTHING 
All metallic portions of equipment (except current carrying conductors) shall be 
properly earthed. System earthing shall be done as per IS:3043 and I.R. Rules No.32, 
51, 61, 62, 67, 69, 88 (2) and 90. 
Electric supply authority provides an earthed terminal on consumer premises. 
Consumer is expected to provide his own earthing system with an independent 
electrode. Consumer's earth wire should be connected to supplier's earth terminal. All 
metal parts in wiring (except current carrying cable conductors) shall be securely 
earthed by running a continuous earth wire along the wiring and connecting all metallic 
fittings, lamp brackets, three pin socket, body of fans and regulators, cooking ranges, 
geysers etc. to it. 
5.6 LOAD ASSESSMENT 

In order to assess the total load of a building the following guidelines may be 
adopted when number of outlets have been decided: 
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        Item Power (W) 
Incandescent lamp 60 
Fluorescent tube 60 
Ceiling fan 100 
Light socket (5A) 100 
Power socket (15A) 1000 
5.7 FUSES AND CIRCUIT BREAKERS 

Most of the electrical loads take high initial current for a fraction of a second 
before falling to normal value. Therefore, protective-scheme against excessive current 
must be so sensitive as to interrupt the supply for transitory current that persists before 
any damage to equipment results. 

Fuses are rated in amps. Rating amps, of a fuse is usually 60-90% of current that 
is going to melt the fuse (critical current). A fuse wire to protect a circuit of 5A may 
have a critical current of 5/0.9 Amp. = 5.5A. 

Simple rewirable fuse is most common, but High Rupturing capacity (HRC) 
fuses are gradually replacing the rewirable fuses, particularly in industrial applications. 
5.7.1 Cartridge fuses 

Here fuse wire is in a sealed ceramic cartridge packed with filler material which 
prevents deterioration of fuse-wire in normal use and protects the system in case of 
fault. 
Cartridge fuses are of two types viz., 
a) D-type cartridge ruse. 
b) Link type, often called HRC fuse link. 

Link type cartridge fuse may be of knife blade type or bolted type. 
 Diazed or D-Type cartridge fuse 
D-type cartridge fuses have rating ranging from 2 to 63 amperes. The fuse 

element with quartz as the filler materials is enclosed in a high compression ceramic 
material designed to withstand the mechanical and thermal stresses which are likely to 
arise from short circuit currents. The filler material is used for cooling the arc after the 
melting of the fuse element. A small coloured disc on top of the cartridge fuse is used 
as indicator for the fusing of a contact. The indicating disc is kept in position by a 
spring wire. When the fuse is blown the indicating disc is thrown off by the spring. 
After fusing, the cartridge has to be replaced. The cartridge fuse is placed in a fuse base 
by means of a screw cap. The screw cap is insulated and is provided with a glass 
window through which it can be observed whether the fuse has blown or not. The 
insulated screw cap enables replacement of the fuse even when the supply is on. 
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Fitted inside the fuse base is an adaptor screw which ensures that a1 low ampere 
fuse cartridge cannot be replaced by a cartridge of higher amperage. 

Link Type HRC fuse 
HRC fuse links are fuses with high rupturing (i.e. breaking) capacity and are 

available in ratings from 2 to 1250 amperes. An HRC fuse consists mainly of a fuse 
base and a fuse link. 

The construction of the fuse link is basically same as that of the D-type cartridge 
fuse. The body is designed to withstand very high pressures. The fuse element, made of 
silver or silver plated copper, is a flat strip, which is perforated. The strip is made flat to 
provide for better cooling. Owing to the higher rupturing capacity, higher speed of 
operation under short circuit conditions, silent operation and non-deteriorating features 
and low temperature-rise cartridge fuses are replacing the rewirable ruses. 
5.7.2 Moulded case air circuit-breaker 

This breaker has received wide acceptance in industry. It is particularly 
adoptable in large buildings and industrial plants to replace fused knife switches. It was 
originally built to have only 5000A breaking capacity, but the larger breakers now have 
a capacity upto 42000A at 600V ac or 50,000A at 250V, dc. The moulded case circuit 
breaker, in smaller sizes, is adaptable, in home lighting circuits where convenience of 
automatic protection with manual-reset of the breaker is required. The interrupting 
capability of the moulded case breaker and that of silver-sand type of fuse in series with 
it have been combined to produce a low voltage circuit-breaker with wide application 
possibilities. 
5.7.3 Miniature circuit breaker 

Miniature version of moulded case circuit-breakers are also available to cater the 
need of interruption of small currents usually encountered in house-holds. These are 
quite compact and reliable. 

The usual construction makes use of two fixed terminals mounted one above the 
other in a vertical plane, which, when the breaker is closed, are bridged under heavy 
pressure by a bridging member operated by a system of linkages. Auxiliary and arcing 
contacts close before and open after the main contacts, so as to relieve the main 
contacts from damage due to arcing. The breaker is held closed by a latch or the 
equivalent which may be tripped- electrically or mechanically. Modern breakers are trip 
free. Barriers between poles are generally furnished with breakers on ac and dc circuits, 
250V and above and, special arc chutes, quenchers or deionizing chambers are also 
used. 
MCBs to be used shall confirm to IS:8828. 
5.8 WIRING SYSTEMS 
Wiring systems based on method of connection are of two types viz., 
i) Joint box and, 
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 ii) Looping in system. 
5.8.1 Joint Box System 

Here load is connected to its controlling switch in series. Positive supply is 
connected to one end of control-switch by making a T joint in the main-line-positive 
and the other end of load is connected to neutral by similar T joint in main line neutral. 
These points are kept inside a wooden box (called joint box). 
 

 
 

FIG-1 Joint-box system of wiring 
5.8.2 Loop in System of wiring 

Instead of puncturing the main lines, here lines are brought to first load and its 
control switch as shown below. Now lines are brought from first load and control 
switch to another load and control switch. This process is repeated. 

 
FIG-2 Loop in system wiring 

   60



 

5.9 RECEPTION AND DISTRIBUTION OF MAIN SUPPLY 
A circuit breaker or a linked switch shall be provided on live conductor of the 

supply at the point of entry. Wiring shall be done in such a way that there is no break in 
the neutral wire in the form of switch or fuse (I.E. Rules 32 ) 
10.1 All main switches should be of either metal clad enclosed pattern or of any 
insulated enclosed pattern and should be fixed at close proximity to the point of entry of 
supply. 

IS : 732 - 1983 stipulates that, 
• Open type switch boards shall be placed only in dry situations and in ventilated 

rooms and they shall not be placed in the vicinity of storage batteries or exposed 
to chemical fumes, 

• In a damp situation or where inflammable or explosive dust, vapour or gas is 
likely to be present, the switch board shall be totally enclosed or made flame 
proof as may be necessitated by the particular circumstances. 

• Switch boards shall not be erected above gas stoves or sinks, or within 2.5 m of 
any washing unit in the washing rooms of laundries, or in bathrooms, lavatories 
or toilets and kitchens, 

• In case of switch boards unavoidably fixed in places with abnormal moist 
atmosphere, the outer casting shall be weatherproof and shall be provided with 
glands and bushings or adapted to receive screwed conduit, according to the 
manner in which the cables are run. 
Metal clad switchgear should preferably be mounted on any of the following 

types of boards 
• Hinged type metal boards, 
• Fixed type metal boards, 
• Teak wood boards, 
• MCB distribution panel board or PVC of fibre glass mounting. 

For small installations connected to single phase, 240V, supply, teak wood 
boards may be used as main boards or sub-boards. These should be of seasoned teak or 
other durable wood with solid back impregnated with varnish of approved quality. 
5.10 ARRANGEMENT OF APPARATUS ON SWITCHGEARS 
• Equipment should be so mounted on the switchboard that there is no possibility 

of an inadvertent contact with live parts whenever a person is performing 
operations like changing fuses, manipulating switches etc. 

• No apparatus should project beyond any edge of the board. No fuse body should 
be mounted within 2.5 cm of any edge of the board and no hole, other than the 
holes by means of which the panel is fixed, should be drilled closer than 1.3 cm 
from any edge of the board. 
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• No live parts, unless they are effectively screwed by substantial barriers of non-
hygroscopic, non-inflammable insulating materials, should be so spaced as to 
cause an arc to be struck between live pans and earth. 

• The arrangement of all the accessories shall be such that these connections shall 
be easily accessible and. traceable. Whenever switches and fuses are fitted on 
the same pole, these fuses should be arranged such that they are not alive when 
their respective switches are in the off position. 

            For further details IS : 732 may be referred to. 
 
 
5.11 TYPE OF SUPPLY 
5.11.1 Single phase supply 
 
 All loads in a single phase installation are connected in parallel and supplied at 
the same voltage. The feeder cables and the installation wiring should be designed such 
that switching on or off any load in the system does not effect other loads in the system. 
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 The consumer's main switch fuse is connected after the meter and feeds a 
distribution fuse board. It is important to note that fuses should be placed only in the 
live (or phase) wire and never in the neutral wire. Similarly all switches should be 
installed on the live lines only and never on the neutral. This is because if the fuse is in 
the neutral and has blown, there will be no flow of current. But the appliances 
connected will be having full supply voltage applied to them, which is dangerous, 
because a person could touch the live parts thinking that since the appliance is not 
working the supply must be off. Similarly, if the switch is on the neutral side and if it 
has not made foil contact, the appliances will not work causing an impression that the 
supply is off, when in fact full voltage is acting on the appliance which is dangerous. 
 The neutral, which is earthed at the supply authority's sub-station, is connected 
through a copper link at the main switch fuse, and must not contain a fuse either at the 
switch fuse or at any point in the installation. Nor should the continuity of the neutral be 
interrupted by the insertion of a switch. 
 The wiring of each sub-circuit should be electrically separate from that of every 
other sub-circuit. This means that every sub-circuit must have its own neutral wire as 
well as phase wire drawn from separate points on the distribution fuse board. This will 
be understood by reference to figure 3, which shows, how the wiring for the light and 
power sub-circuit have been taken from separate points on the distribution fuse board. 
 Fig 4 shows an arrangement where several distribution fuse boards are 
employed, in this case, for each floor. The distribution fuse-boards are looped together 
as shown in the figure. The wiring by which the different distributions boards situated 
on different floors, are looped together is called the rising mains. Thus the distribution 
boards are in fact connected in parallel. 

 
Fig.4 Single Phase installation with number of sub distribution boards  

with common main switch fuse 
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 This is an economical arrangement but suffers from the drawback that if a fault 
occurs in the rising mains, the main fuse, i.e. the consumer's main switch-fuse, will 
blow, disconnecting the complete installation. 
 Fig.5 shows a better, although slightly more expensive, circuit arrangement. 
This employs a main distribution board from which separate connections from separate 
points are taken to the three sub-distribution boards on the three floors. There is a 
separate fuse on the main distribution board in respect of each sub-distribution board. 
The draw back explained in the arrangement of figure 4 is thus avoided. 
 

 
Fig.5 Single Phase installation with number of sub distribution boards  

each connected to the mains through separate fuse 
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 In certain places power for electrical heating and other heavy current consuming 
appliances is sold at cheaper rates than the power for lights and fans. In such cases, the  
heavy current supply is measured by a separate meter as shown. 

 
 

Fig.6  Single Phase installation with separate energy meters for 
light and power loads 

5.11.2 Three phase, Four-wire supply 
 Industrial premises and multi-storeyed buildings are given 3-Ph, 4-wire supply. 
The reasons for this are, 
• In industries most of the motors above 1.5 hp are usually wound for 415 V, 50 

HZ, 3-ph, supply because they are cheaper than 1-ph motors of the same rating 
and have better factor and higher efficiency. 

• In the case of large multi-storeyed buildings the distribution system of a 3-ph, 4-
wire system is more economical than that for a 1-ph system. 

 It is necessary that the load on the distribution system of the supply authority 
must be balanced. In the case of domestic single phase consumers, this is achieved by 
running the 3-ph, 4-wire distribution line along the residential area and connecting the 
first consumer between R-phase and neutral, the second consumer between Y-phase 
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and neutral, the third consumer between B-phase and neutral and repeating the same 
sequence for the subsequent consumers. In the case of industries and large buildings 
with large load requirement, 3-ph supply is provided, so that by giving 3-ph supply to 
3-ph motors, the 3-ph load balancing is automatically obtained. Balancing of the 3 
phases in respect of 1-ph loads is achieved by appropriate distribution of the 1-ph loads 
on the 3 phases. 
 Basically a 3-ph, 4-wire installation is similar to that of a 1-ph type. The service 
cable enters a triple pole and neutral cut-out and from there the consumer's distribution 
starts after the meter. Fig. 7 shows the supply after leaving the energy meter, entering 
the triple pole and neutral (TP & N) switch fuse. The TP & N switch fuse controls a 3-
ph distribution fuse board. From the 3 phase distribution fusion board are fed the power 
circuits, such as motors, lighting and other small power loads. It is good practice to 
designate the phases by red, yellow and blue and to employ conductors using these 
colours of insulation for easy identification. The neutral is usually black. 
 
 

 
 
 

Fig.7 Three-phase four-wire distribution for single and three-phase 
loads with common main switch fuse 
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 In a balanced system the neutral carries no current. In such a case the line 
voltage is 3½ times the phase voltage. For a line voltage of 415V, phase voltage is 240 
V. 
 
 

 
 

Fig.8 Three-phase 4 wire distribution for single and 3 phase loads with separate 
sub-distribution boards 

  
 The drawback of the arrangement shown in Fig. 7 is that if a fault should occur 
in the cables feeding the distribution board, the fuses of the main switch shall blow out. 
This will cause the electric supply to be interrupted to all pans of the consumer's 
premises supplied by this main switch. It is therefore, usual to insert an extra fuse 
board, after the main switch to control the sub-distribution feeders as shown in fig.8. 
 In the case of larger installations, distribution boards with bus-bar chambers are 
usually employed (see fig. 9). In this case the main switch fuse feeds into a bus-bar 
chamber. From the bus-bar chamber, connections are taken to switch fuses which 
control all outgoing sub-circuits. This allows for flexibility and enables future extension 
with ease. Thus it is seen that all main feeders are separately controlled with 
independent fuse elements. 
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Fig.9  3 phase, 4 wire distribution wiring bus bar chamber 
5.12 SUB-DISTRIBUTION BOARDS 
 Sub-distribution boards, as far as possible, shall be located near the load centre 
of the area which they supply and the final sub-circuits should be as short as possible. 
5.13 FINAL SUB-CIRCUITS 
From the Sub-Distribution Boards the supply is taken to the various load points. 
5.14 DIVERSITY 
 The term diversity is used in two ways. One way is in terms of diversifying the 
electrical installation. By reference to fig. 10 it is seen that if a fault develops in any of 
the loads or in any part of the circuit, the fuse 'F' will operate and the supply to all loads 
will be disconnected. To ensure continuity of supply to the healthy parts of the 
installation it is usual to branch the load as in fig. 11. 
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Fig 10 Schematic of different loads connected to          Fig 11 Branching of load. Each 
            Same supply                                                                   branch protected by fuse 
 
This branching of the load is called diversification of the load. Diversification enables 
selectivity whereby only the faulty section is disconnected by the operation of the fuse, 
other sections remaining connected to the supply. In the case of larger installations, 
further diversification becomes necessary as shown in fig. 12. 
 

 
 
 

Fig.12 Diversification of load for a large installation 
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 The principle of diversification has in fact, been incorporated in the installation 
shown in figures 7,8 and 9. 
 Such diversification enables maintenance and extension work on certain parts of 
the installation without having to switch off the whole installation. 
 Diversity, when used in theoretical context indicate, the difference between-the 
total connected load and the actual maximum load. By the term "Total connected load” 
is meant the total provision made for the utilization of power through outlet points in an 
installation. If the conductor size is worked out on the basis of the Total connected load 
with a margin for extension, it is very likely to result in thicker wires than actual load at 
any time might require. It must be realized that it is not only the cost of cable that 
matters; the larger the cable the longer is conduit size or batten size depending upon 
which type of wiring is used. 
 The total connected load is not likely to be switched on simultaneously. Thus 
the actual maximum load at any time in a day will, therefore, generally be less than the 
total connected load in an electrical installation. Therefore, while designing the 
conductor size for cables, care will have to be exercised on one hand to see that we do 
not provide too liberally for the conductor size and thus raise the capital cost too high 
and on the other hand to ensure that the conductor size is big enough to carry the 
current that is likely to be drawn by any circuit for a sustained period. 
In other words the difference between the total connected load and the actual maximum 
load assumes importance. It is impossible to state with hundred percent accuracy what 
will be the maximum load on a circuit because for one thing it will vary from one type 
of building to another, and for another one cannot be exactly sure how much load a user 
may switch on from time to time. However, on the basis of experience some guidelines 
are available which are discussed in the following paragraphs. 
5.15 DIVERSITY FACTOR FOR SUB-CIRCUITS 
 The calculations are based on considering that each socket out-let carries the 
current for which it is rated. Each lamp holder is assumed to hold a 60 W lamp unless 
we are sure that it will be a larger size. Other outlets are considered for the value at 
which they are rated. The total connected load estimated in this way is added up for 
each sub-circuit and one third of the total value is deducted. The remaining two third 
(66%) represents the minimum rating of cable to be provided. However, in no case 
must this rating be less than that of the largest point on the sub-circuit. Further, it is not 
permissible to apply the 66 % rule, if there is only one point on the sub-circuit. 
Considerations governing diversity factor for different types of load are discussed 
below: 
i) Light and Fan 
 On lighting and fans in domestic installations, it is permissible to assume that 
only 66 % of the total connected load will be switched on simultaneously. For hotels 
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and hostels it is safer to increase the figure to 75 %. For business buildings the figure 
may be 90 % 

ii) Cooking Appliances 
 For cooking appliances in an ordinary residential house the main cable may be 
rated at 100 % up to 10 A and at 50 % for all loads in excess of this. 
 When designing the main cable for a large block of residential flats, 
considerable diversity is permissible in respect to electrical cooking appliances. For this 
purpose, we may take full load for the largest cooker, plus 50 % for the second largest, 
plus 33 % for the third largest, plus 20 % for the remainder. However, in hotels and 
other public places this large diversity is not accepted. In such cases, it is safer to take 
full load for the largest appliance, 80 % for the second largest and 60% for all 
remaining ones. 
iii) Socket outlets 
 As stated earlier, the permissible diversity on sub-circuit wiring in respect of 
socket outlets, is not large (about 66 %). However, the diversity is taken on a larger and 
more liberal basis, when calculating the loading on the main cables supplying the sub-
distribution boards. In residential houses, full load rating of the sockets is taken for the 
largest outlet and only 40 % for all others. In hotels, rest house/ hostels and other public 
places a higher percentage is taken viz. 100 % for the largest, plus 75 % of the capacity 
of the socket outlets in the main rooms plus 40 % of the remainder. 
 On water heaters up to 3 KW loading, air-conditioners and refrigerators, no 
diversity factor may be allowed, even if several are in use. 
 Fuses should not be rated higher than the actual current carrying capacity of the 
cables they protect, otherwise protection cannot be derived. 
 Finally, it must be stated that the allowances for diversity as mentioned in the 
preceding paragraphs are rather complicated and are more as guidelines than as set 
rules. They should be used judiciously and with discretion, depending upon the data 
available for a given installation design. 

5.16 TESTING OF INSTALLATIONS 
 Before any installation is connected to the supply, a number of tests have to be 
carried out to ensure that there are no defects which may cause danger. IS:732 (part III) 
lays down tests which should be conducted before a new electrical installation or an 
addition to an existing installation is put into service. 

5.17 WIRING TYPES 
Internal wiring (refer IS : 732) can be classified as. 
• Cleat wiring 
• Wood-casing wiring 
• Batten wiring 
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• Conduit wiring 
• PVC casing and capping wiring. 

5.17.1 Cleat wiring 
 It is the cheapest of wiring systems. Cleats are made of porcelain and has two 
parts a base piece and a cap. Insulated cables run through these cleats. Cleats shall be 
fixed at regular intervals not exceeding 0.6 m. Wood plugs of seasoned teak-wood or 
other hard wood ( 25 mm2 in inner end and 20 mm2 on outer end) are plugged in the 
wall for fixing (screwing the cleats). Vulcanized rubber insulated cable, PVC cables etc. 
should be used for cleat wiring. Since cable is exposed to environment, cleat wiring 
should not be used for wiring in damp walls/ceilings. 
5.17.2 Wood casing wiring 
 In such type of wiring, cables run inside the grooved wooden casing and then it 
is capped by wooden cap. Here also PVC or vulcanized rubber cables are used. 

NOTE : 
 The live and neutral wire (in single phase wiring or different lines in three phase 
wiring) shall not be bunched together in one groove of wooden casing. Wires of same 
phase free from joints may be bunched together. 
Flat head wooden screws shall be used to fix the casing to wooden plugs at an interval 
not exceeding 900 mm for casing size above 64 mm. Casing shall be spaced from the 
wall/ ceiling by means of porcelain disc insulators not less than 6.5 mm thick. This 
system of wiring is also not suggested for damp walls/ceilings or outer wall. 

5.17.3 Batten wiring 
 This system is suitable tor house-wiring. PVC or tough rubber sheathed (TRS) 
cables run over seasoned teak-wood. Metal clips are used to grip the cables. Battens are 
fixed by screwing it on wooden plugs. 
 Metal sheathed cables are insulated wires like PVC/TRS having outer covering 
made of lead. Batten wiring with such cables shall be done like PVC/TRS cables and 
metal sheath must be effectively, earthed (IS : 732). Where places are exposed to 
Sun/rain metal sheathed cable batten-wiring is most suitable but care shall be taken that 
no joints are exposed. This system is useful in damp areas too. In places where 
acid/alkalies are present, this wiring must be avoided. Metal Sheathed cables shall not 
be directly buried underground or under any masonry work. 
5.17.4 Conduit wiring 
 Vulcanised Indian rubber (VIR) or PVC wires run through rigid steel/rigid PVC 
conduit pipes conduit may run over the walls/ceiling or may be concealed under the 
masonry work. IS:1653 may be referred for specification of conduit. In the portion 
exposed to sun/rain/atmospheric hazards the surface of conduits, bends, mains shall be 
rust proof. 

   72



 

 Conduits shall be fixed by heavy gauge saddles fixed to wooden plugs with 
screws at an interval of 1 M or less. 
 For factory lighting and wiring of motors, conduit wiring is most ideal because 
it provides protection against mechanical damage and fire due to short circuits. Besides 
the system is water proof and there is ease in replacement of defective wiring. 
(Concealed) conduit wiring 
 Conduit is placed in a recess cut in the wall or when building is under 
construction, conduit is provided in the wall/ceiling etc. Stables/saddles shall be used to 
fix the conduit. PVC conduit shall not be used in places prone to fire hazards. 
 
5.17.5 PVC casing and capping wiring 
 This system of wiring is same as wood casing wiring, but in this, PVC casing 
and capping are available in many attractive colours and can be aesthetically chosen. 
Besides, these are lightweight, easy to work, easy to fix and much more durable. This is 
most suitable to domestic wiring. PVC casing/capping should not be used in places 
prone to fire hazard. 
5.18 SUB-CIRCUITS 
After the main switch, the supply is taken to various load points as shown in fig. 13 
below. 
 

 
 
 

Fig.13 
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 Disadvantage of the above wiring is that in case of short-circuit in any part of 
the wiring, the fuse will be blown and the whole installation will be isolated from 
supply. The other disadvantage of the above system is that in case of large number of 
loads, Voltage available at the farthest end will be very low due to line drop. Therefore, 
it is prudent to divide the wiring into a number of smaller circuits called sub-circuits. 
An added advantage of sub-circuits is ease in maintenance as power block is required 
for only faulty sub-circuits  and thus other healthy circuits can function smoothly while 
maintenance is done in the faulty sub-circuit. 
 In domestic/industrial wirings, the lighting/fan load and power loads shall have 
separate sub-circuits. This is necessary, because, power loads require high current 
forcing more voltage drop and if light/ fan loads are not separated, dim light/fan speed 
result. Besides above, power circuits are more prone to faults. 
 Load on each sub-circuit  shall be limited to 3 KW.  
 
Power Sub-circuits 
 The load on each power sub-circuit should normally be restricted to 3000 watts. 
In no case should there be more than two outlets on each sub-circuit. 
 A schematic diagram of typical distribution scheme in a-residential building 
with separate circuits for lights/fans and power appliances is shown in fig. 14 
 

Outlets 
 Size of buildings will indicate number of outlets. But 10-15% more shall be 
added for future expansion. 
 A minimum 4 outlets per average room shall be provided. Number of light 
points shall be based on illumination design as per IS:3646. 
 Fan points should be provided @ 1 fan / 16 m2 area. Other outlets such as 
sockets etc. shall be provided as per requirements and located at convenient locations. 

Location of control switches 
 Control switch for light and fan should be near entrance. For large rooms, 
provision should be made to control light/fans from more points. Control-switch for 
other outlets shall be placed near the outlet or as may be convenient. 
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Fig.14 Schematic of a typical distribution scheme in a residential building with 
separate circuits for lights/fans and power appliances 
 
Location of main Board 
 
 Energy meter and main switch are mounted on main board. Main supply enters 
the energy meter and then to main switch. Therefore, main board shall be located near 
the entrance of the building. Adjacent to main board shall be various sub-distribution 
boards to cater the power requirement of sub-circuits.  
Advantages of Sub-Distribution Boards 
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i) Saves cables (other wire cables for all sub-circuits are to be drawn from main 
distribution board) and, 
 
ii) Fault finding becomes easier since sub-distribution board is near to relevant sub-
circuits. 
 
 
 
 

 
Fig.15 Scheme of power distribution in a large building using  
sub-distribution boards 
 The main switch board should never be installed in kitchens, toilets or within 2.5 
m of wash basin. In situations exposed to weather, the main switch board should be 
protected against rain and enclosed in a water-proof enclosure. 
5.19 GUIDELINES FOR INSTALLATION OF FITTINGS 
5.19.1 Switches, Socket-outlets and light points 
 Switches, sockets-outlets and light points should be mounted on varnished teak-
wood boards of appropriate sizes in case of surface wiring. In case of concealed wiring, 
box type space is left inside the wall, having covers of insulating plate which are used 
for flush mounting of switches and sockets. A minimum of 150 mm of wire should be 
left in each board for jointing. No outlet should be installed within 230 mm of floor 
level. Where the socket outlets are to be provided near the floor they should preferably 
be tamper proof to avoid electric shocks to children. (Tamper-proof socket-outlets are 
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provided with an arrangement by virtue of which the holes normally remain closed. The 
holes open to receive the male contacts only when the plug is inserted). Fuse should 
invariably be provided between socket-outlets and their controlling switches so that if a 
load of higher rating is connected to the socket-outlet, the fuse will blow to protect the 
wiring, socket outlet, plug and electrical gadget from damage. Also by providing a fuse 
along with the socket, other points in the sub-circuit remain undisturbed in case of a 
fault at the socket out-let. 
5.19.2 Ceiling fans 
 Ceiling fans shall be installed at a height of 2.75 m or more from floor. The fan 
rod shall be preferably one piece. The suspension hook for ceiling fans should be fixed 
in roofs during construction stage. All ceiling fans should be wired to ceiling-roses or to 
a special connector boxes. The fan including its suspension, should confirm to IS:374 
(Specification for ceiling fan and regulator). 
5.19.3 Fuses and Switches 
 Fuses and switches shall be inserted in the live conductor and never in the 
neutral conductor otherwise when fuse blows, appliance will be still alive but without 
current which may create impression on operator that appliance is disconnected from 
supply. Thus, the operator is likely to get shock which may be fatal, if he attempts to 
carry out maintenance on the appliance under that state. 
5.19.4 Earthing of installation 
 The supply authority provides a suitable earthed terminal on the consumer's 
premises. In case of M.V, H.V, or E.H.V. installations, consumer is also required to 
have his own earthing system in addition to and independent of supplier's earthing. The 
consumers earthing wire should be connected to the supplier's earth- wire 
 All metal parts in a wiring should be securely earthed by running a continuous 
earth-wire along the wiring. 
 All metal fittings, lamp brackets, 3rd pin of sockets, body of fans and regulators, 
cooking ranges, geysers, refrigerators etc. should be earthed. 
 

5.20 ASSUMPTION FOR DOMESTIC-WIRING 
 
a) Height of batten - 2.5 m above floor level 
  (0.5 m below ceiling) 
b) Height of switch - 1.3 m above floor level. 
c) Height of distribution board - 1.5 m above floor level 
d) Height of brackets for light points - 2.5 m above floor level, 
e) Wastage allowance for cables - 20 % 
f) Wastage allowance for earth wire - 10 % 
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6.0 INITIAL INSPECTION OF ELECTRICAL 
INSTALLATION 

 

  

6.0 GENERAL REQUIREMENTS 
 
 Before the completed installation, or an addition to the existing installation, is 
put into service, inspection and testing shall be carried out in accordance with the 
Indian Electricity Rules, 1956. In the event of defects being found, these shall be 
rectified, as soon as practicable and the installation retested. 
 Periodic inspection and testing shall be carried out in order to maintain the 
installation in a sound condition after putting into service. 
 Where an addition is to be made to the fixed wiring of an existing installation, 
the latter shall be examined for compliance with the recommendations of this code. 
 The individual equipment and materials which form part of the installation shall 
generally conform to the relevant BIS Specification wherever applicable. If there is no 
relevant BIS Specification for any item, these shall be approved by the appropriate 
authority. 

6.1 INSPECTION OF THE INSTALLATION 
6.1.1 General 
 On completion of wiring a general inspection shall be carried out by competent 
personnel in order to verify that the provisions of National Electric Code (NEC) and 
that of Indian Electricity Rules, 1956 have been complied with. This, among other 
things shall include checking whether all equipments, fittings, accessories, wires/cables, 
used in the installation are of adequate rating and quality to meet the requirement of the 
load. General workmanship of the electrical wiring with regard to the layout and finish 
shall be examined for neatness that would facilitate easy identification of circuits of the 
system, adequacy of clearances, soundness of termination with respect to tightness, 
contact pressure and contact area. A complete check shall also be made of all the 
protective devices, with respect to their ratings, range of settings and co-ordination 
between the various protective devices. 

6.1.2 Items to be Inspected 
6.1.2.1 Substation installations:- 
In substation installations, it shall be checked whether 
1) The installation has been carried out in accordance with the approved drawings. 
2) Phase to phase and phase to earth clearances are provided as required. 
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3) All equipments are efficiently earthed and properly connected to the required 
number of earth electrodes. 

4) The required ground clearance to live terminals is provided. 
5) Suitable fencing is provided with gate with locking arrangements. 
6) The required number of caution boards, fire-fighting equipments, operating 

rods, rubber mats, etc. are kept in the sub-station. 
7) In case of indoor substation, sufficient ventilation and draining arrangements are 

made. 
8) All cable trenches are provided with non-inflammable covers. 
9) Free accessibility is provided for all equipments for normal operation. 
10) All name plates are fixed and the equipments are fully painted. 
11) All construction materials and temporary connections are removed. 
12) Oil-levels, bus-bar tightness, transformer top position, etc., are in order. 
13) Earth pipe troughs and cover slabs are provided for earth electrodes/earth pits 

and the neutral and LA earth pits are marked for easy identification. 
14) Earth electrodes are of GI pipes or CI pipes or copper plates. For earth 

connections, brass bolts and nuts with lead washers are provided in the 
pipes/plates. 

15) Earth pipe troughs and oil sumps/pits are free from rubbish and dirt and gravel 
and »the earth connections are visible and easily accessible. 

16) HT and LT panels and switchgears are all vermin and damp-proof and all 
unused openings or holes are blocked properly. 

17) The earth bus-bars have tight connections and corrosion-free joint surfaces. ~  
18) Control switch-fuses are provided at an accessible height from ground. 
19) Adequate headroom is available in the transformer room for easy topping-up of 

oil, maintenance etc. 
20) Safety devices, horizontal and vertical barriers, busbar covers/shrouds, 

automatic safety shutters/doors interlock, handle interlock are safe and in 
reliable operation in all panels and cubicles. 

21) Clearances in the front, rear and sides of the main HV and LT and sub-switch-
boards are adequate. 

22) The gap in the horn gap fuse and the size of fuse are adequate. 
23) The switches operate freely, the 3 blades make contact at the same time, the 

arcing horns contact in advance, and the handles are provided with locking 
arrangements. 

24) Insulators are free from cracks, and are clean. 
25) In transformers, there is any oil leak. 
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26) Connections to bushings in transformers for tightness and good contact. 
27) Bushings are free from cracks and are clean. 
28) Accessories of transformers like breathers, vent pipe, buchholz relay, etc, are in 

order. 
29) Connections to gas relay in transformers are in order. 
30) Oil and winding temperature are set for specific requirements in transformers. 
31) In case of cable cellars, adequate arrangements to pump out water that has 

entered due to seepage or other reason, and 
32) All incoming and outgoing circuits of HT and LT panels are clearly  labelled for 

identification. 
6.1.2.2 Medium Voltage Installation : 
In medium voltage installations, it shall be checked whether: 
1 All blocking materials that are used for safe transportation in switchgears, 

contactors, relays, etc, are removed. 
2) All connections to the earthing system are feasible for periodical inspection. 
3) Sharp cable bends are avoided and cables are taken in a smooth manner in the 

trenches or alongside the walls and ceilings using suitable support clamps at 
regular intervals. 

4) Suitable linked switch or circuit-breaker or lockable push button is provided 
near the motors/apparatus in an easily accessible location. 

5) Two separate and distinct earth connections are provided for the 
motor/apparatus. 

6) Control switch-fuse is provided at an accessible height from ground for 
controlling supply to overhead travelling crane, hoists, overhead busbar 
trunking. 

7) The metal rails on which the crane travels are electrically continuous and 
earthed and bonding of rails and earthing at both ends are done. 

8) Four core cables are used for overhead travelling crane and portable equipment, 
the fourth core being used for earthing, and separate supply for lighting circuit is 
taken. 

9) If flexible metallic hose is used for wiring to motors and other equipment, the 
wiring is enclosed to the full lengths, and the hose secured properly by approved 
means. 

10) The cables are not taken through areas where they are likely to be damaged or 
chemically affected. 

11) The screens and armours of the cables are earthed properly. 
12) The belts of the belt driven equipments are properly guarded. 
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13) Adequate precautions are taken to ensure that no live parts are so exposed as to 
cause danger. 

14) Ammeters and voltmeters are tested 
15) The relays are inspected visually by moving covers for deposits of dust or other 

foreign matter. 
6.1.2.3  Overhead lines : 
For overhead lines it shall be checked whether: 
1) All conductors and apparatus including live parts thereof are inaccessible. 
2) The types and size of supports are suitable for the overhead lines/conductors 

used and are in accordance with approved drawing and standards. 
3) Clearances from ground level to the lowest conductor of overhead lines, sag 

conditions, etc, are in accordance with the relevant standard. 
4) Where overhead lines cross the roads or cross each other or are in proximity 

with one another, suitable guarding is provided at road crossings and also to 
protect against possibility of the lines coming in contact with one another, 

5) Every guard wire is properly earthed. 
6) The type, size and suitability of the guarding arrangement provided is adequate. 
7) Stays are provided suitably on the overhead lines as required and are efficiently 

earthed or provided with suitable stay insulators of suitable voltages. 
8) Anti-climbing devices and Danger Board/Caution Board/Notices are provided 

on all HT supports. 
9) Clearances along the route are checked and all obstructions such as 

trees/branches and shrubs are cleared on the route to the required distance on 
either side. 

10) Clearance between the live conductor and the earthed metal pans are adequate, 
and 

11) For the service connections tapped-off from the overhead lines, cut-outs of 
adequate capacity are provided. 

6.1.2.4  Lighting circuits : 
The lighting circuits shall be checked whether: 
1) Wooden boxes and panels are avoided in factories for mounting the lighting 

boards and switch controls, etc. 
2) Neutral links are provided in double pole switch-fuses which are used for 

lighting control, and no fuse is provided in the neutral. 
3) The plug points in the lighting circuit are all of 3-pin type; the third pin being 

suitably earthed. 
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4) Tamper-proof interlocked switch socket and plug are used for locations easily 
accessible. 

5) Lighting wiring in factory area is taken enclosed in conduit and conduit properly 
earthed, or alternatively, armoured cable wiring is used. 

6) A separate earth wire is run in the lighting installation to provide earthing for 
plug points, fixtures and equipments. 

7) Proper connectors and junction boxes are used wherever joints are to be made in 
conductors or cross over of conductors takes place. 

8) Cartridge fuse units are fitted with cartridge fuses only. 
9) Clear and permanent identification mark are painted in all distribution board 

switchboards, sub-main boards and switches as necessary. 
10) The polarity having been checked and all fuses and single pole switches are 

connected on the phase conductor only and wiring correctly connected to 
socket-outlets. 

11) Spare knockouts provided in distribution boards and switch fuses are blocked. 
12) The ends of conduits enclosing the wiring leads are provided with ebonite or 

other suitable bushes. 
13) The fittings and fixtures used for outdoor use are all of weatherproof 

construction, and similarly, fixtures, fittings and switch-gears used in the 
hazardous area are of flameproof application. 

14) Proper terminals connectors are used for termination of wires (conductors and 
earth leads) and all strands are inserted in the terminals. 

15) Flat ended screws are used for fixing conductor to the accessories, and 
16) Use of flat washers backed up by spring washers for making end connections is 

desirable. 
6.2 TESTING OF INSTALLATION 
6.2.1 General : 
 After inspection, the following tests shall be carried out, before an installation or 
an addition to the existing installation is put into service. Any testing of the electrical 
installation in an already existing installation shall commence after obtaining permit to 
work from the engineer-in-charge and after ensuring the safety provision. 
6.2.2    Testing 
6.2.2.1 Switchboard : 
HT and LT switchboards shall be tested in the manner indicated below: 
1) All high voltage switchboards shall be tested for dielectric test in the manner 

recommended in IS:8623 (Part1-1977) 
2) All earth connections shall be checked for continuity. 
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3) The operation of all protective devices shall be tested by means of secondary or 
primary injection tests. 

4) The operation of the breakers shall be tested from all control stations. 
5) Indication/signalling lamps shall be checked for proper working. 
6) The operation of the breakers shall be tested for all interlocks. 
7) T he closing and opening timings of the breakers shall be tested wherever 

required for auto-transfer schemes. 
8) Contact resistance of main and isolator contacts shall be measured. 
9) The specific gravity of electrolyte and the voltage of the control battery shall be 

measured. 
6.2.2.2  Transformers : 
Transformers are tested in the manner indicated below: 
1)      All commissioning tests as listed in 1S:10028 (Pan 2)-1981 shall be carried out. 
2)      Insulation resistance on HT and LT windings shall be measured at the end of one 

minute as also at the end of 10 minutes of measuring the polarization index. The 
absolute value of insulation resistance should not be the sole criterion for 
determining the state of dryness of the insulation. Polarization index values 
should form the basis for determining the state of dryness of insulation. For any 
class of insulation the polarization index should be greater than 1.5. 

6.2.2.3 Cables: 
Cable installations shall be checked as follows: 
1) It shall be ensured that the cables conform to the relevant Indian Standards. 

Tests shall also be done as laid down in IS: 1255-1983. The insulation resistance 
before and after the tests shall be checked. 

2) The insulation resistance between each conductor with earth shall be measured. 
The insulation resistance varies with the type of insulation used and with the 
length of cable. The following empirical rule gives reasonable guidance: 

            Insulation resistance               10 x Voltage in kV  
            in megohms       =                 ———————————— 
                                  length in km 
6.2.2.4 Motors and Other equipments : 
The following tests are made on motor and other equipment: 
1) The insulation resistance of each phase winding against the frame and between 

the windings shall be measured. Megohmmeter of 500 V or 1000 V rating shall 
be used. Star points should be disconnected. Minimum acceptable value of the 
insulation resistance varies with the rated power and the rated voltage of the 
motor. 
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The following relation may serve as a reasonable guide: 
  20 x E 
Ri      =       ————— 
          1 000 + 2P 
where, 
Ri     =    insulation resistance in megohms at 25°C. 
En     =    rated phase to phase voltage, and 
P       =    rated power in kW. 

If the resistance is measured at a temperature different from 25°C, the value 
shall be corrected to 25°C.  

The insulation resistance as measured at ambient temperature does not always 
give a reliable value, since moisture might have been absorbed during shipment and 
storage. When the temperature of such a motor is raised, the insulation resistance will 
initially drop considerably, even below the acceptable minimum. If any suspicion exists 
on this core, motor winding must be dried out. 
6.2.2.5  Wiring installation : 
The following tests shall be done: 
a) The insulation resistance shall be measured by applying between earth and the 

whole system of conductor or any section thereof with all fuses in place and all 
switches closed, and except in earthed concentric wiring, all lamps in position or 
both  poles of installation otherwise electrically connected together, a dc voltage 
of  not less than twice the working voltage, provided that it does not exceed 500 
volts for medium voltage circuits. Where the supply is derived from three-wire 
(ac or dc) or a polyphase system, the neutral pole of which is connected to earth 
either direct or through added resistance the working voltage shall be deemed to 
be that which is maintained between the outer or phase conductor and the 
neutral. 

b) The insulation resistance in megohms of an installation measured as in (a) shall 
not be less than 50 divided by the number of points on the circuit, provided that 
the whole installation need not be required to have an insulation resistance 
greater than one megohm. 

c) Control rheostats, heating and power appliances and electric signs, may, if 
desired, be disconnected from the circuit during the test, but in that event the 
insulation resistance between the case or framework, and all live parts of each 
rheostat, appliance and sign shall be not less than that specified in the relevant 
BIS Specification or where there is not such specification shall be no less than 
half a megohm. 

d) The insulation resistance shall also be measured between all conductors 
connected to one pole or phase conductor of the supply and all the conductors 
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connected to the middle wire or to the neutral on to the other pole of phase 
conductors of the supply. 
Such a test shall be made after removing all metallic connections between the 

two poles of the installation and in these circumstances the insulation resistance 
between conductors of the installation shall be not less than that specified in (b). 

On completion of an electrical installation (or an extension to an installation) a 
certificate shall be furnished by the contractor, countersigned by the certified supervisor 
under whose direct supervision the installation was carried out. This certificate shall be 
in a prescribed form as required by the local electric supply authority. 
6.2.2.6  Earthing : 
For checking the efficiency of earthing the following tests are done: 
a) The earth resistance of each electrode shall be measured. 
b) The earth resistance of earthing grid shall be measured. 
c) All electrodes shall be connected to the grid and the earth resistance of the entire 

earthing system shall be measured. 
These tests shall preferably be done during the summer months. 
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7.0 EARTHING 
  
7.0 INTRODUCTION 
 Earthing is an essential requirement to drain the potential deposition on any 
machine frame, structure, support or electrical installation due to poor insulation for 
achieving a safe working condition. Earthing is generally taken for granted, but, the 
same requires study of various aspects and it is necessary to design the earthing systems 
to fulfill the demands for safety and protection. 
7.1 OBJECT OF EARTHING 

The object of earthing system is, to provide as nearly as possible a surface under 
and around a station, which shall be at a uniform potential and as nearly to zero or 
absolute earth potential as possible. This is in order to ensure that, in general, all parts 
of apparatus other than live parts shall be at earth potential, as well as, to ensure that 
operators and attendants shall be at earth potential at all times, so that there exists no 
potential difference, to cause shock or injure a person, when short circuit or any type of 
earth fault takes place in the system. 

7.2 TOUCH POTENTIAL 
The potential difference between a grounded metallic structure and a point on 

the earth's surface separated by a distance equal to the normal maximum horizontal 
reach, approximately one metre. 

 In the event of heavy fault currents, highest potential gradient is near the 
electrode. It is for this reason that it is recommended that the earth electrode terminal 
should be protected and not exposed as a general rule. 

For example a relatively small leakage current of 50 A and 5 Ohm earth 
resistance would raise the potential to 250 V, above general body of the earth as to 
cause severe shock or electrocution to a man or a cattle, with one foot on the electrode 
terminal and the other a short distance on the ground from it. 
7.3 STEP POTENTIAL 

The step potential is the potential difference experienced by a person bridging a 
distance of one pace (Assumed as 1 metre) between his feet on the earth's surface, when 
an earth fault has taken place resulting in ground potential rise 

7.4 CLASSIFICATION OF EARTHING 
Earthing can be broadly classified as follows 
• System earthing. 
• Equipment earthing. 
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• Static and lightning protection earthing. 
7.4.1    System Earthing 

System earthing is designed primarily to preserve the security of the system by 
ensuring that the potential on each conductor is restricted to such a value as is 
consistent with the level of insulation applied. From the point of view of safety, it is 
equally important that earthing should ensure efficient and fast operation of protective 
gear in the case of earth faults. The system earth resistance should be such that, when 
any fault occurs against which earthing is designed to give protection, the protective 
gear will operate to make the faulty main or plant harmless. In most cases such 
operation involves isolation of the faulty main or plant by circuit breakers or fuses. 

In case of underground systems, there is no difficulty whatever, but, in case of 
overhead line systems protected by fuses or circuit breakers, fitted with over protection 
only, there may be difficulty in arranging the value of the system earth resistance in 
such a way that a conductor falling and making good contact with the ground results in 
operation of the protection systems. A low system earth resistance is required even in 
the cases where an arc suppression coil is installed, as its operation may be frustrated by 
too high an earth electrode resistance. 

Earthing may not give protection against faults that are not essentially earth 
faults. For example, if a phase conductor on an overhead spur line breaks and the part 
remote from the supply falls to the ground, it is unlikely that any protective gear relying 
on earthing, other than current balance protection at the sub-station, will operate since 
the earth fault current circuit includes the impedance of the load that would be high 
relative to the rest of the circuit. 

System earthing or grounding implies connection of current carrying parts to  
ground. It is  mostly either generator or transformer neutral. Hence it is popularly called 
neutral grounding. Grounding is for equipment safety.   In case of resistance/impedance 
grounding system used for generator neutral grounding in generating stations it limits 
the core damage in stator of rotating machines. In case of solidly grounded system, 
substantial ground fault current flows enabling sensitive fault detection and fast 
clearance. 

 When the insulation of the motor windings breaks down, current starts leaking 
into the metal body of the apparatus which would get charged with the supply voltage 
and become alive and dangerous, unless the charge is drained to earth by an earth 
connection. When the body is earthed, a fault in the winding would cause a heavy 
current to flow into the earth, which would then blow out the fuse, thereby 
disconnecting the supply to the motor. 
            The permissible value of the earth resistance is directly related to the system 
voltage , maximum fault current and the sensitivity of the protective equipment and the 
reasonable potential rise. If the resistance to earth is high, the protective system will not 
function under a fault, creating a dangerous condition. 
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7.4.2 Equipment Earthing 
It pertains to that system of electric conductor system, by which all metallic 

structures through which the energised conductor passes will be earthed. It connects the 
non-current carrying parts to the ground. Basically the equipment earthing is for human 
safety. 
The purpose of the equipment earthing is, 
• To maintain low potential difference between nearby metallic structure and any 

area, to ensure freedom from the hazard of electric shock to persons, animals 
etc. in the area. 

• To provide an effective electric conductor system over which short circuit 
currents involving ground can flow without sparking or causing any thermal 
distress so that hazards to combustible material or gas ignition in combustible 
atmospheres is totally avoided. 
All housings of electrical conductors, equipment enclosures and motor frames, 

shall be interconnected by equipment earthing system. The metallic frame work of all 
out-door equipments, such as, transformers, instrument transformers, circuit breakers, 
isolators and steel structures etc. shall be connected by two separate and distinct 
connections to main earthing  ring. 
 
7.4.3 Static And Lightning Protection Earthing 

The object of static grounding is to provide a discharge path for electricity 
accumulation on equipment and persons operating it. The lightning protection earthing 
is concerned with cloud lightning voltage to earth current discharges in atmosphere 
originating from cloud formation. This will also protect the equipment from various 
high voltage surges.  
7.5 EARTH ELECTRODE : 

A conductor or group of conductors in intimate contact with and providing an 
electrical connection to earth so as to provide path of low resistance and clear the fault. 
The earth resistance should therefore, be as low as possible. Even though the earth 
electrode resistance may be good, the fuse may not blow, if the capacity of the fuse 
provided is of higher capacity. 

The permissible value of the earth resistance is directly related to the system 
voltage, maximum fault current and the sensitivity of the protective equipment and the 
reasonable potential rise. If the resistance to earth is high, the protective system will not 
function under a fault, creating a dangerous condition. 
 Earth electrode is provided to dissipate the fault current in case of earth faults 
and to maintain the earth resistance to a reasonable value, so as to avoid rise of potential  
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of the earthing grid. Earth electrodes are designed for the appropriate thermal withstand 
capacity assuming the total fault current passing through the electrodes. 

 The number of earth electrodes required for a particular installation will be basically 
decided by the permissible value of the earth resistance, which is required to make the 
protective system operative. Hence, the permissible value of earth resistance depends upon the 
reasonable potential rise and setting of the earth fault isolating devices. The main criteria is that 
the value of the earth return resistance should not be so high as not to produce the required 
ground fault current for actuating the protective devices within the stipulated time 

Earth electrode resistance . 

It is the resistance of an earth electrode to earth The earth resistance of an electrode is made up 
of, 

• Resistance of electrode. 

• Contact resistance between the electrode and soil. 

• Soil resistivity. 

            The first two factors are very small i.e. fraction of an ohm and can be neglected for all 
practical purposes. Soil resistivity is the major and important factor and is affected by 
the following 

a)         Grain size of the soil. 

b) Chemical composition of the soil. 

c) Moisture content 

d) Temperature Characteristics of earth Electrodes 

e) Earth electrodes shall have low resistance depending upon the system voltage and fault 
current envisaged under all climatic conditions 

f) The rise in potential between the earth system and the general body of the earth shall be 
kept as low as possible. 

As far as possible, earth electrodes of generating stations and indoor sub-stations shall 
be installed, adjacent to the building and for out-door sub-stations within and adjacent to the 
perimeter fence. At large sites, apart from securing a sufficiently low resistance and adequate 
current carrying capacity a reasonable distribution of electrodes is also necessary. 

7.5.1     Earth resistance using hemi-spherical electrode 
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Resistance to earth of hemispherical electrode 
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Imagine a hemispherical shell of length dx. The Area of this incremental portion is       
2 πX2.  

R =  ρ x length / Area 
The resistance offered by earth to spread of electrical field is given by: 

 RX = ∫ ρ dx / 2 πX2.      Integrating from Ra ( radius of electrode) to R0( any distance away from electrode) 

and substituting the limits we have  

  R = ρ /2π  ( 1/Ra – 1 / R0 ) 

From this expression we can derive that resistance of the earthing is mainly present up 
to about 5 metres of the electrode, since the expression 1 / R0  varies very marginally for 
distances higher than 5 metres and becomes zero at R = infinity. Hence it can be 
concluded that 95% of the resistance is contributed by the soil within 5 metres of the 
earth electrode. 
         In the above example, we have considered a hemispherical electrode. However in 
practice pipe electrodes are used.  
        The formula for a rod electrode with length L and  radius a is as follows 

         R =  ρ /2π L (Loge 4L/a – 1)  
         The expression inside the bracket (Loge 4L/a – 1) varies in the range of 3.5 to 5.5 
for variation of length from 3 meters to 10 meters with radius (a) varying from 0.05 to 
0.2m. Hence it can be concluded that the resistance R mainly varies inversely as the 
Length of the electrode. This argument can be logically extended to a series of pipe 
electrodes and the mesh grids with the conclusion that Earth resistance varies inversely 
proportional to the length of the buried conductor to a large extent and does not depend 
much on the radius/area of the electrode. However it may be noted that the formula for 
calculating earth resistance for mesh grids and series of electrodes is complex and not 
discussed in detail here. 

7.5.2   Measurement of Earth resistance  
 Various methods are available for measuring the earth resistance value of an 
installed earth electrode. Consider a ground electrode A whose resistance is to be 
measured experimentally. In the diagram hemispherical electrodes are shown, but the 
electrodes can be rod electrodes of  two to three feet length. The electrode spacings 
must be large as compared to the radii/length. A bridge connecting one terminal on 
electrode and other on electrode B measures 
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Rx = RA + RB 

Similarly RY is measured between terminals B and C and RZ is measured between 
electrodes C and A with the result 
RY = RB + RC 
RZ = RC + RA 

Solving these equations simultaneously we have 
RA =( RX + RZ – RY )/ 2 
This method gives correct values if the value of resistances are equal and electrodes are 
spaced equally distant. 
 Another method which is popularly used is the fall of potential method. In the 
fall of potential method, the measurement is made as indicated below 

 
 
 Here again A is the electrode under test whose radius is RA. Current from the 
generator G is sent to earth through electrode A and returned through another electrode 
C. The voltage V is measured between electrode A and a potential electrode P. The 
three electrodes need not be in a straight line, but if all electrodes are widely separated, 
the voltmeter V will measure substantially the same voltage as though connected from 
electrode A to a remote reference point. 
Resistance RA = V / I 
 

7.5.3    Spacing Of Earth Electrodes 
• To achieve the desired earth resistance value, as many number of earth 

electrodes as required shall be provided. The spacing between these electrodes 
shall usually be not less than 6 metres (twice the length of electrode). If the 
desired values cannot be achieved with reasonable number of electrodes in 
parallel, the earth surrounding the electrode shall be chemically treated by 
alternate layers of finely divided coke/crushed coal/charcoal and salt for at least 
150 mm all around. 
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Electrode Materials 
In general electrodes are made out of copper, iron, mild steel or galvanized steel. 

Electrode Material for Specific Condition 
Corrosive soil : Copper or G.I. 
DC system : Copper electrode to prevent electrolytic 
                                               Effect of Direct current                                                
Ordinary soil : Copper, mild steel, Iron.  
Types of Electrodes 
•      Rod electrode, 
•      Pipe electrode 
•      Plate electrode 
•      Strip electrode. 

One of the first three types of electrodes are used, where sub-soil can easily be 
penetrated to a depth of 2.5 to 3 0 metres and sufficient space is available around the 
building. The fourth type is used where rock is encountered at a depth of 2.5 metres 
below the ground level. 
Site to provide Earth Electrode 
• Marshy places or areas containing refuse such as ashes, cinders, brine should be 

considered as better sites 
• Places where the sub-soil is gravel or the ground is made up are not considered 

good site for providing earth electrodes. 

7.6 IMPORTANT I.E. RULES RELATING TO EARTHING 
Rule 33 : 

The supplier shall provide and maintain on the consumer's premises for the 
consumer's use a suitable earthed terminal in an accessible position at or near the point 
of commencement of supply. 

Provided that in the case of medium, HV or EHV installation, the consumer 
shall, in addition to the afore mentioned earthing arrangement, provide his own earthing 
system with an independent electrode. 

The consumer shall take all reasonable precautions to prevent mechanical 
damage to the earthed terminal and its head belonging to the supplier. 
Rule 61 : 

Neutral conductor of a 3 phase, 4 wire system, shall be earthed by not less than 
two separate and distinct connections with a minimum of two different earth electrodes 
or such large number as may be necessary to bring the earth resistance to a satisfactory 
value at the substation. The earth electrodes so provided, may be inter-connected to 
reduce earth resistance. It may also be earthed at one or more points along the 
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distribution system or service line in addition to any connection with earth which may 
be at the consumers premises. 

The frame of every generator, motor, stationary or portable and the metallic 
parts of all transformers and any other apparatus used for regulating or controlling 
energy and all M.V. energy consuming apparatus shall be earthed by the owner by two 
separate and distinct connections with earth. . 

All metal castings or metallic coverings containing or protecting any electric 
supply line or apparatus shall be connected with earth and shall be so joined and 
connected across all junctions, boxes and other openings as to make good mechanical 
and electrical connections throughout their whole length. Provided that where the 
supply of energy is at low voltage, this sub-rule shall not apply to the isolated wall 
tubes or to brackets, electronics switches, ceiling fans or other fitting (other than 
portable hand lamps and portable and transportable apparatus) unless provided with an 
earth terminal and to class II apparatus/appliances, provided further that where the 
supply of energy is at low voltage and where the installations are either new or 
renovated all plug sockets shall be of the three pin types and the third pin shall be 
permanently and efficiently earthed. 

All earthing systems shall, before electric supplv lines or apparatus are 
energised, be tested for electrical resistance to ensure efficient earthing. 
All earthing systems belonging to the supplier  shall, in addition, be tested for resistance 
on dry day during the drv season not less than once every two years for L.V. and M.V. 
installations. 
 Rule 67 :, 
Incase of H.V. and E.H.V systems, the neutral point of every transformer shall be 
earthed by not less than two separate and distinct connections with the earth having its 
own electrodes. Provided that separate electrodes shall not be necessary where an 
earthing mat  has been used. 
Every earthing system of H.Y. and EHV Systems belonging to either the supplier or the 
consumer shall be tested for its resistance to earth on a dry day during dry season not 
less than once a year. 
IE Rule 90 : 
All metal supports and all reinforced and prestressed cement concrete supports of 
Overhead lines and metallic fittings attached thereto, shall be permanently and 
efficiently earthed. 
Each stay wire shall be similarly earthed unless an insulator has been placed in at a 
height not less than 3.0 m from the ground. 

Every fifth pole as a minimum shall be grounded if the foundations are of 
cement concrete blocks. 
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Overhead crossings 
Railway, road, river and crossings over public ways should be earthed on either 

side 
Consumer premises : 
An independent earth shall be provided at the consumer premises to which, the 

installation, earth wire, the supply neutral and the carrier catenary support wire or the 
under ground cable armour shall be connected. The carrier catenary shall also be 
connected at the other end to the distribution continuity earth wire on the pole. 
Building earth : 
In the case of tall buildings/sky scrapers, apart from the earth for the wiring layout, it is 
essential to install lightning earth electrodes far away from each other to avoid any 
inductive coupling between them. 
Rule 92 : 

The owner of every overhead  line which is so exposed as to be liable to injury 
from lightning shall adopt efficient means for diverting to earth any electrical surges 
due to lightning. 
The earthing leads for any L.A. shall not pass through any iron or steel pipe, but shall 
be taken as directly as possible from the L A. to a separate earth electrode and/or 
junction of the earth mat already provided for the High and Extra High Voltage sub-
station subject to the avoidance of bends wherever practicable. 
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8.0 TARIFF 
  
8.0 IMPORTANT TERMS 
8.0.1 Fixed Cost 

This cost is independent of maximum demand and energy output. It is due to 
annual overhead cost of central organization, interest on the capital cost of land 
(especially if some land is held for future development) and salaries of  officials. 
8.0.2 Semi-fixed cost 

This cost depends on maximum demand but independent of energy output. The 
semi-fixed cost is due to annual interest and depreciation on the capital cost of building 
and equipment, taxes and insurance charges and salaries of management and clerical 
staff, cost of transmitting and distributing the energy. The semi-fixed cost is 
approximately proportional to the maximum demand. 

8.0.3 Operating cost 
This cost depends upon the energy output. This is due to annual cost of fuel, 

lubricating oil, water, maintenance and repairs, wages and salaries of operating staff 
etc. The operating cost is approximately proportional to the units generated. 
8.1 ELECTRICAL TARIFF : 

Electrical Tariff represents the basis on which charges are recovered from the 
consumers for supply of electricity. 

The main objectives of the tariff is to distribute equitably the cost of supplying 
electrical energy among the various classification of use such as lighting, heating, 
industrial and, bulk supply etc. All types of tariffs must cover the following costs : 
• Recovery of cost of capital investment in generating plant, transmission and 

distribution system equipments and in other forms of the operating equipment. 
• Recovery of cost of operation and maintenance of equipments and plant. 
• Recovery of cost of auxiliary equipment, metering equipment, billing and 

collection expenses and miscellaneous services. 
• A reasonable return on the total capital investment. 
The principle factors involving the formulation of tariff are enumerated below : 
• Proper return is secured from each consumer of electric energy. 
• Consumers are made to make more extended use of electric energy. 
• Consumers of electric energy are charged according to what the energy costs. 
• The tariff should be simple and cheap and should be easy to understand by the 
consumers. 
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8.2 TYPES OF TARIFFS : 
The different kinds of tariffs in common use are as under 
• Simple tariff 
• Flat rate tariff 
• Block rate tariff 
• Two-part tariff 
• Maximum demand tariff 
• Power factor tariff 
• Three part tariff 
• Off peak tariff 
8.2.1 Simple tariff 

This is the simplest kind of tariff. Here the cost of energy is charged on the basis 
of units consumed. The rate per unit can be calculated as, 
Charges per Kwh  =     (Annual Fixed charges + Annual running charges)    
                                    -------------------------------------------------------------- 
                                      Total number of units supplied to consumer 
 
This method has following drawbacks although the procedure for fixing the rates is 
very simple for the supplier and calculation, verification by the consumer. 
• The cost per KWh delivered is higher. 
• There is no discrimination among the different categories (such as domestic, 

commercial and industrial) of consumers. 
• The simple tariff can be made suitable by having some modifications mentioned 

below. 
• By allowing a discount to the consumer who consumes more electricity than an 

average consumer. 
• Special tariff be framed for different categories of consumers such that the 

domestic consumers may be charged light rates than in case of industrial 
consumers and commercial consumers. 

•       By encouraging the consumers of electric energy to use electricity during off peak 
load period thereby giving them a special discount. Its use is restricted to 
industrial loads only. 

8.2.2 Flat rate tariff 
 This kind of tariff differs from the former (simple tariff) one in the sense that the 
different categories of consumers are charged at different rates, In this case the flat rate 
thus is slightly higher for domestic (light and fan) loads than for industrial (power) 
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loads. The rate for each category of consumers is derived by taking into account its load 
factor and diversity factor. 
 This method is very popular with the consumers since it can be easily 
understood by the consumers and the calculations at the supplier's end are very simple. 
If the energy consumed by an industrial consumer is x units and the fat rate per unit is 
Rs. a per unit then the total charges of the bill are Rs. A x  
 The disadvantage of this tariff is that separate meters are required for different 
types of supply. 
 In some public utilities for certain categories of supplies e.g. agricultural loads, 
flat demand rate based on per kW or BHP connected load is charged. Here the main 
advantage of this tariff is the elimination of the metering equipment, meter reading, 
billing and accounting costs. This tariff is known as flat demand rate tariff. The main 
disadvantages of this tariff is that there is tendency on the part of the consumer to keep 
their appliances on even when not required. But this tariff can be used where number of 
hours of use are known and energy consumption is readily predictable such as street 
lighting, sign lighting and signal lighting etc. 
8.2.3 Two-part tariff  
 The charges include fixed charges independent of energy consumed and 
proportional to per kW of maximum demand and the a;nning (operating) charges per 
kWh of the total energy consumed. 
The tariff can be expressed as. C = Rs. (a. kw + b. kwh) 
 Where Rs. a is The charge per Kw of maximum demand assessed and Rs. b is 
the charge per kWh of energy consumed. 
 This tariff is mostly applicable to the medium industrial consumers. 
 Here, the charges made on the maximum demand covers the fixed charges such 
as interest and depreciation on the capital cost of building and equipment, taxes and 
insurance charges and operating cost which is independent of energy supplied by it. The 
charge varies with the variation in energy supplied. 
 There is a disadvantage of this tariff to the consumers because they have to pay 
also the fixed charges unnecessarily during the month in which their industry is closed. 
8.2.4 Block rate tariff 
 The disadvantage of the flat rate tariff is that the charges are made for the total 
quantity of energy consumed at the same rate irrespective of the magnitude of energy 
consumed by the diiferent consumers. The fixed charges are spread over a greater 
number of units generated or consumed thus lowering the rate per unit. This 
shortcoming is removed in block rate tariff in which a given block of energy are 
charged at progressively reduced rates. An example is as follows. 
 The first 50 units may be charged at the rate of 75 paise per unit. The next 25 
units may be charged at the rate of 60 paise per unit. 
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 8.2.5 Maximum demand tariff 
 This tariff is very similar to the two-pan tariff except that in this case the 
maximum demand is actually measured by a maximum demand indicator instead of 
merely assessing it on the basis of predetermined value. Thus the drawback of two-part 
tariff is removed. This tariff is applicable to large industrial consumers and bulk 
consumers. 
8.2.6 Power factor tariff 
 The equipment and plant efficiency depends on the power factor of the load, In 
order to increase the utility of the plant and equipment to the maximum, the plant must 
be operated at the most economical power factor. Because of this reason, power factor 
tariffs are applied. By applying power factor tariffs, the consumers are penalised for 
keeping poor power factor on their loads. 
KWH and KVARH Tariff 
 In this type of tariff the consumer is charged separately on the basis of kwh and 
kvarh consumption. With the improvement of power factor the kvarh decreases and 
thus the consumer tries to improve power factor of his load in order to decrease the 
charges on account of less kVARH registered by the kVARH meter. 
KVA Maximum Demand Tariff 
 This is a modified form of two part tariff. The consumption is measured in kWH 
while the maximum demand is measured in k.V.A. instead of kW. Because with low 
power factor of the installation the kVA part of load will be larger, the consumer tries to 
improve power factor of his installation so as to avoid more demand charges. 
Average power factor tariff or sliding scale tariff 
 In this type of tariff, some reference power factor, say 0.8 lagging, may be taken 
and for every decrease of 0.01 over the average power factor (0.8), the consumer is 
levied surcharge. Similarly a discount may be allowed for each 0 .01 by which the 
average power factor rises above 0.8.  Such types of tariff, are rarely used. 
8.2.7 Three-part tariff 
 In this type of tariff, the cost consists of the fixed charges, semi-fixed charges 
and the running or operating charges. Thus three part tariff is composed of three 
elements and is mathematically represented by the equation • 
Total cost = a + b (kW or kVA) + c.kWH, 
 Constant charges 'a' are also called consumer charges and are on account of 
giving service connection and expenses incurred in connection with metering and office 
establishment. Semi fixed charges ‘b’ are proportional to kW or kVA maximum 
demand. These are variable charges and include the initial cost of plant as well as the 
operating cost which is independent of total energy supplied by it. The charges vary. 
with the maximum demand. 
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 Part 'c' is the variable charge based on energy consumed and recovers the cost of 
fuels and other operating charges etc. - 
 This type of tariff is generally applicable to bulk supplies. 
 8.2.8  Off peak tariff 
 The load on the power station is very low during night hours (10 P.M. to 6 
A.M.), while in the evening peak loads occur. During the off peak period, the plant, the 
transmission and distribution system and equipment will be lying idle. In order to 
encourage the consumers to use electric energy during off peak load period, the energy 
can be supplied without incurring any extra capital investment and thus is profitable. 
 This tariff is advantageous for processes as water heating by thermal storage, 
refrigeration and pumps etc. 
8.3 OTHER CLAUSES 
 The tariffs in some cases contain provisions for adjustment of prices having 
regard to cost of fuel, minimum charge on the contract demand etc. This automatically 
compels the customer to maintain as high a load factor as possible 
8.4  A SAMPLE PROBLEM 
Electrical Tariff for supply at 22 KV is as under 
A Demand charges Rs.45/- per KVA. 
B. Energy charges at Rs 1.05 per unit for first one lakh units. 
C. 90 P. per unit in excess of one lakh units. 
D. Penalty for low power factor @ 1 paise per unit to each 0.01 unit of P.F  lower 

than 0 .85 
 Work out the energy bill for a calendar month of 30 days for 
 following requirements - 
 "Contract demand of 750 KVA with a power factor of 0.8 and a 
 load factor 0.625" 
 Contract demand =        750 KVA 
 Load factor  = 0.625 
 Power factor =        0.8 
 Average demand in KW = 750 x 0.625 x 0.8 Kw 
 Energy consumption in = 750 x 0.625 x 0.8 x 24 x 30 
            30 days.                                  =           2,70,000 KWH 
 Demand charges.  = Rs 45/- per KVA. 
 Total demand charges = 750 x 45 = Rs. 33,750/-...(1) 
 Energy charges, 

i) for first one lakh units = 1,00.000 x 1.05 = Rs.105000/- 
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ii) for remaining 1,70,000 units – 1,70,000 x 0.9 = 1,53,000 
Total energy charges = 10500 + 153000 = Rs.258000/- ..(2) 

 Penalty for low power factor     =      0.05 x 0.01 x 2,70,000 
      0.01 
     = Rs   13,500- (3) 
Energy bill for the month            = {1 + 2 + 3) 
     = 33750  + 258000  + 13500 = Rs. 305250/- 
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9.0 UNINTERRUPTIBLE POWER SYSTEMS 
  
9.0 INTRODUCTION : 
 Ideally, the voltage supply by the utility system should be perfect sine wave 
without any harmonics, at its nominal frequency of 50 Hz and at its nominal magnitude. 
In practice however voltage can significantly depart from the ideal condition due to 
power line disturbances e.g. overvoltage, under voltage (brown out), outage (blackout), 
voltage spikes, harmonics and electromagnetic interterence. Sustained over voltage and 
under voltages may cause equipments, to trip out , while voltage spikes may cause 
hardware problems. Power conditioners i.e. metal oxide varistors (MOVs), EMI filters, 
isolation transformers, ferro resonant transformers provide an effective way of 
suppressing some or all of these disturbances. An Uninterruptible Power Supply system 
is used for supplying critical loads like computer/data processing machines, hospitals, 
control and instrumentation, communication equipment and critical processes in 
industries. This provides protection against power outages as well as voltage regulation 
during power line over voltage and under voltage conditions. They are also excellent in 
terms of suppressing incoming line transient and harmonic disturbances. 
9.1 UPS TOPOLOGIES : 
The UPS system can be classified into two types. 
a) On load UPS 
b) Off load UPS 
9.1.1 On load UPS 
 The input rectifier feeds to battery as well as the load all the time. Battery 
remains in floating condition and takes over as soon as the mains goes off. This gives 
conditioned output of fixed frequency, fixed voltage irrespective of line condition.  
9.1.2 OFF load UPS 
 In off load UPS system, battery bank is usually not connected to the load. lt 
comes into circuit only when the mains is off. 
  In the normal mode, the switching converter operates as an rectifier, charging 
the battery bank. In addition, it can draw, inductive or capacitive currents from the 
mains, thus providing a fine regulation of the voltage supplied to the load. In case of a 
main power outage, the power is isolated and the switching convener operates as an 
inverter, supplying power to the load from the battery bank. This arrangement is also 
referred to as the "standby power supply'. The response time of the OFF LINE UPS is 
slower compared to ON LINE UPS system. 
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9.1.3 Static Bypass switch 
 In on load UPS systems, the battery takes care of mains failure but there is no 
standby system to take care of the failure of inverter. Hence, for additional reliability 
the power line itself is used as a backup to the UPS and static bypass switch is provided 
to transfer the load from the UPS to the mains in case of any problem in the UPS. 
Whenever a static transfer switch is used the inverter output should be synchronized to 
the line voltage so that transferring the load from one source to the other results in the 
least amount of disturbance seen by the load. 
 
9.2 CONSTITUENTS OF UPS: 
Three important constituents of a UPS system are 
1) rectifier 
2) battery and 
3) inverter. 
9.2.1 Rectifier: 
 A rectifier is used for converting single phase or 3 phase AC into DC, which 
supplies power to the inverter as well as to the battery bank to keep it charged. Rectifier 
topology is selected based on UPS capacity and ripple content limitation. 
9.2.2 Batteries: 
 There are different types of battery systems. Selection of battery is dealt in 
details later. 
 In the normal mode when the line voltage is present, the battery is trickle 
charged to offset the slight self discharge by the battery. This requires that a constant 
trickle charge voltage be applied across the battery and the battery continuously draws a 
small amount of current, thus maintaining itself in a fully charged state. 
 In the event of a line outage, the battery supplies the load. The capacity of a 
battery is expressed in ampere-hours, which is the product of a constant discharge 
current and the duration beyond which the battery voltage falls below a voltage level 
called the final discharge voltage. The battery voltage should not be allowed to fall 
below the final discharge voltage level; otherwise the battery life is shortened. Once the 
line voltage is restored, the battery bank in a UPS is brought back to its fully charged 
state 

9.2.3 Inverters: 
 An inverter is used to convert DC link voltage to single or three phase AC 
output as per load requirement. The filtered output of the inverter is normally-specified 
to contain very little harmonic distortion, even though most loads are highly nonlinear 
and, hence, inject large harmonic currents into the UPS The output voltage harmonic 
content is specified by means of a term called total harmonic distortion. 
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Typically, THD is specified to be less than 5%; each harmonic voltage as a ratio of 
Fundamental frequency voltage V1 is specified to be less than 3%. 
It is important to minimize the harmonics content of the inverter output. This decreases 
the filter size, which not only results in cost savings but also results in an improved 
dynamic response of the UPS as the load changes. A feedback control, where the actual 
output waveform is compared with the sinusoidal reference, may be used to modify the 
inverter switching. 
 Modern UPS normally use PWM (Pulse width modulated) inverters. Large UPS 
may employ a scheme where the outputs of two or more such inverters are paralleled 
through transformers with phase shift. This allows the inverters to operate at a relatively 
lower switching frequency, utilizing either a low-frequency PWM, selective harmonic 
cancellation, or a square-wave switching scheme. 
9.3 BATTERY SELECTION 
 The batteries in a UPS often account for almost half the equipment cost. Usually 
high reliability, extended operating life, tolerance to extended floor charging and good 
deep discharge characteristics at high discharge rates are the hall-mark for selecting a 
battery. They are generally maintenance free batteries. 
9.3.1 Battery life 
 This is one of the most important parameter in selecting a UPS battery. 
Normally a sealed maintenance free battery for UPS has a life of 4-5 years in 
comparison to a Wet Lead Acid Battery of approx. 6 years and around 15-20 years 
offered by a Ni-Cd battery. Battery life depends on following important parameters; 
9.3.1.1 Float characteristic 
 The battery life is determined theoretically by the UPS service conditions. 
Almost 95% of the UPS are continuously "on line" and consequently the battery 
remains on "float charge". This means the float performance characteristic of the 
battery have a very wide influence on the battery life. 
9.3.1.2 Ambient temp. 
 Sealed maintenance free batteries normally need to be operated at temperatures 
around 20°C TO 25°C while low maintenance batteries can be operated at 35°C to 
40°C which makes it very ideal for Indian Conditions. With the view to counteract this 
need for low operating temperatures a safety factor (approx. 10-20%) is considered 
while sizing the battery capacity. 

9.3.1.3 Deep discharge. 
 In addition, especially in developing countries like India, the batteries are 
subjected to deep discharge, several times in a week, if not in a day. This affects the 
battery life drastically. As a thumb rule, a deep discharge below the 80% battery 
capacity level reduces the life of the battery by about 25%. 
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 Normally small sealed batteries are rated at a 10 hr(C/10) or a 20 hr(C/20) rates 
and batteries are typically operated at 20 times their rated current for a 10 minute back 
up time. 
 Typically it is seen that batteries give less than 50% of their rated capacity at 20 
times their rated discharge current. Obviously therefore a high battery capacity 
(measured in terms of Ampere Hour -AH) is required. 
9.4 UPS DESIGN 
9.4.1 Back up time 
The purpose of UPS is to provide power till an alternative source like a generator is 
switched on. So, the first issue in battery configuration is to work out the back-up time 
requirement. While doing this one should consider factors like : 
 
* five to ten occurrence of power failures during a day each requiring 3 to 5 

minutes of battery power. 
* The need for 8 to 10 hours of battery recharge time after a full discharge. Based 

on these factors, the back-up time can be determined in the following manner : 
* When the battery is used until an alternative source is switched on, you need 25 

to 30 minutes of backup. 
* When it is used till networks/ UMX systems can be shut down one needs a 

backup of 30 to 60 minutes.  
* When used as an alternative power source, it's about 1 to 4 hours duration 

(depending on requirement). 
 In summary a minimum back-up time of 30 minutes is essential for maximizing 
battery life and smoothing transitions for mains to back-up power. 
 
9.4.2 Determining Battery rating 
i) Load KVA = UPS Rating x Load diversity factor . 
   Load KVA x 1000 x P.F. 
n) DC   =          -------------------------------------------- 
             Current Lowest DC link voltage x Inverter efficiency at 75% load 
iii) Ampere hour capacity = DC current x battery backup time x capacity correction 
x  temp correction 
Capacity correction factor for lead acid battery =1.3  
Temperature correction for 
-    Lead acid battery ~      1.3 
-    Ni-Cd battery =      1.1 
-    SMF battery =      1.2   . 
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9.4.3 Rectifier/charger design 
 Depending on the type and the capacity of the battery used, the size of the 
rectifier of the UPS would change Normally the rectifier must supply current 
corresponding to : 
a) the full load 
b) the internal losses and 
c) a margin of at least 20% of the rated output of the UPS for battery charging. 
 There are three kinds of charging circuits used in UPS, constant current, 
constant voltage and constant voltage-constant current. Constant current charging is 
suitable for both automotive and in industrial batteries, while SMF batteries may be 
damaged due to overcharging by chargers using this design. So constant current 
charging is generally not recommended for UPSs with SMF batteries. 
 Constant voltage charging is suitable for SMF batteries, while having a limited 
utility for automotive or industrial batteries. The constant voltage constant current 
(CVCC) chargers combine the best of both charging methods. They ensure regulated 
charging which enhances battery life significantly. 
 The automatic charging system of some of the state-of-the-art UPS can be 
matched to the requirements of the given battery type by appropriately setting the : 
• charging voltage 
• trickle charge voltage 
• boost charge voltage and finally 
• the charging current limit 

 
UPS - SHORT CIRCUIT CAPACITY: 
 Above a few kilowatts, most UPS provide power to several loads connected in 
parallel. Each load is supplied through a fuse. In the event of a short circuit in one of 
the loads, it is important for the UPS to blow that particular fuse and to keep on 
supplying the rest of the loads. Therefore, the current rating of the UPS under a 
sustained short-circuit condition should be sufficient to blow the fuse of the faulted 
load. 
9.5 CONCLUSION : 
 The UPS topology can be selected based on criticality of the load. The batteries 
are also decided based on several factors as mentioned above. A good design of UPS 
helps optimizing the battery capacity and results in less overall cost. 
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Annexure   1 
COMPARISON OF VARIOUS TYPES OF BATTERIES FOR UPS APPLICATION 

  Wet lead acid Sealed Maintenance Free Nickel Cadmium 
1. Capacity 20-5000AH 20-200 AH (in 12V) upto 10-1200AH 
   500AH 
2. Electrolyte Free Wet (Acid) Not free. Absorbed by Free/Wet (Alkali) 
   glass separator material(acid) 
3.  Water loss High but can be Low but cannot be Low can be 
  topped up. Recovered topped up 
4.  Maintenance 15 days 3/4 months to check 3-12 months 
     frequency  condition     
 
5.  Gassing High gassing low gassing (acidic) low 
gassing(alkaline) 
   (acidic)corrosive corrosive less corrosive. 
6.  Repairability Simple,faulty cell Faulty cell to be replaced Simple,faulty cell 
   can be repaired cannot be repaired can be repaired 
7.   Strength Rubber container high impact polypropylene Mechanically 
     very rigid due to 
     welded & bolted 
     design of cells. 
8. Space requirement   Largest Smallest Medium 
9. Self discharge       8/10% per month    1/2 % per month 3/5% per month 
10. Charging 
      Ripple        High ripples damage   High ripples damages battery    Less sensitive to  
                        battery                                                                            High ripples 
11 Reverse potential  Will be destroyed    will be destroyed             will not damage 
 
Discharged cells shall not be damaged but charged cells shall be damaged if they are 
not filled with water of electrolyte within 10 min. 
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10.0 SAFETY 
  
10.0 INTRODUCTION : 
 Safety is an important aspect of any system or work or practice. Safe electricity is 
good servant and unsafe electricity is a bad master. Therefore safety cannot be weighed 
in terms of cost i.e., we cannot be lured by cheap unsafe electrical system. This is 
important to save living beings from injury and fatality and also for protection of 
equipment from damage resulting from development of unsafe conditions in the system. 
 A good design of system is the first step towards safety and reliability. The next 
step is to use only those materials/conductor / insulation level / equipment / device 
which have the characteristics / quality / rating as desired by the design. 
 Next step towards safe and reliable system is employment of good workmanship 
by skilled and specifically trained men for not only electrical installation work but also 
for operation and maintenance. 
 Weakest link in any electrical system is joint or any other mechanical link such as 
fastening/screw etc. As far as possible, joints shall be avoided to reduce risk of failure 
of joint leading to stoppage of work as well as risk of fire. Where necessary, good joints 
of cable/conductors be obtained by use of proper crimping tools and other jointing 
appliances/kit by workers of good workmanship and skill. 
 In   view of   above,   the   following guide   lines   are   presented  below   
However,  this  may please  be  seen  in  conjunction  with  1S:5216   (part   1   and   2): 
10. Construction, installation, protection, operation and maintenance of electric 
supply lines and apparatus : 
10.1.1 All electric supply lines and apparatus shall be of sufficient ratings for power, 
insulation and estimated fault current and of sufficient mechanical strength, for the duty 
which they may be required to perform under the environmental conditions of 
installations, and shall be constructed, installed, protected, worked and maintained in 
such manner as to ensure safety of personnel and property. 
10.1.2 Except as otherwise provided in these rules, the relevant code of practice of the 
Bureau of Indian Standards [including National Electrical Code] if any may be 
followed to carry out the purposes of this rule and in the event of any inconsistency, the 
provision of these rules shall prevail. 
10.1.3 Equipment and materials conforming to Indian Standards and certified by BIS 
shall be used. However, if for any material/equipment, relevant code or BIS is not 
available or BIS has not issued certificate of conformance to any manufacturer for such 
items{s), certificate of suitability of item(s) must be obtained from Chief Electrical 
Engineer before use of the same. 
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10.1.4  Cut-out shall be provided in each conductor of every service-line in an 
accessible position except in the following situations. Such cut-outs shall be invariably 
contained within an adequately enclosed fire-proof receptacle. 
10.1.5 No cut-out, link on switch other than a linked switch arranged to operate 
simultaneously on the earthed or earthed neutral conductor and live conductor shall be 
inserted or remain inserted in any earthed or earthed neutral conductor of two-wire-
system or in any earthed or earthed-neutral conductor of a multi-wire system or in any 
conductor connected thereto with the following exceptions: 
a) A link  for  testing  purposes,   or 
b) A switch  for use in  controlling  a  generator or transformer. 
10.16 Identification of earthed neutral conductors and position of switches and 
cutouts therein ; 
Where conductors include an earthed conductor of a two-wire system or an earthed 
neutral conductor of a multi-wire system or a conductor which is to be connected 
thereto, the following conditions shall be complied with : 
An indication of permanent nature shall be provided for the earthed or earthed neutral 
conductor which is to be connected thereto, to enable such conductors to be 
distinguished from any live conductor. Such indication shall be provided - 
a) where earthed  or earthed neutral conductor is the property of the supplier, at or 

near  the   point  of  commencement  of  supply; 
b) where a conductor forming part of an electrical system is to be connected to the 

supplier's earthed or earthed neutral conductor, at the point where such connection 
is to be made; 

c) in all other cases, at a point corresponding to the point of commencement of 
supply or at such other points as may be approved by Chief Electrical Engineer or 
any officer appointed/authorized by him. 

10.1.7 Inaccessibility   of   bare   conductors 
 If bare conductors are used in a building, it shall be ensured that all such 
conductors are inaccessible and these can be readily made dead by suitable and 
accessible switches when ever necessary. 
Other measures stipulated by Chief Electrical Engineer or his authorized officer in this 
context shall also be adhered to. 
10.1.8 Danger Notice: 
 Since medium voltage supply is for domestic & industrial use, danger notice in 
Hindi or English and local language shall be affixed permanently on every motor, 
generator, transformer and other electrical plant and equipment together with apparatus 
used for controlling or regulating the same. In case it is not possible to do so, the danger 
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notice shall be affixed as near as possible thereto, or the word "Danger" and the voltage 
of the apparatus concerned shall be permanently painted on it. 
When motor, generator, transformer etc. is within an enclosure, only one notice be 
affixed to the enclosure. 
In  all  cases,   Danger  notice   shall  be   conspicuous. 
10.1.9 Handling  of electric  supply   lines  and   apparatus: 
 Before any conductor or apparatus is handled adequate precautions shall be 
taken, by earthing or by other suitable means, to discharge electrically such conductors 
or apparatus, and any adjacent conductor or apparatus if there is danger there from, and 
to prevent any conductor/apparatus from being accidentally or inadvertently electrically 
charged when persons are working thereon. It is emphasized that every person working 
on electric supply lines/apparatus shall be provided with tools/devices/apparels to 
protect him from mechanical/electrical injuries. 
 No person shall work on live line and no person shall assist him in doing so 
unless proper safety measures approved by competent authority have been taken. 
10.1.10   Cables   for   portable  or  transportable   apparatus 
1. Flexible cables shall not be used for portable or transportable motors, 

generators, transformers,, rectifiers, electric drills, electric sprayers, welding sets 
or any other portable or transportable apparatus unless they are heavily insulated 
and adequately protected from mechanical injury. 

2. Where the protection is by means of metallic covering, the covering shall be in 
metallic connection with the frame of any such apparatus and earth. 

3. The cables shall be three core type and four core type for portable and 
transportable apparatus working on single phase and three phase supply 
respectively and the wire meant to be used for ground connection shall be easily 
identifiable. 

10.1.11 Cables   protected   by   bituminous   materials 
a)         Where  the  supplier  or  the  owner  has  brought  into  use  an   electric   supply 
line (other than an overhead line) which is not completely enclosed in a continuous 
metallic covering connected with earth and is insulated or protected in situ by 
composition or material of a bituminous character : 

i) any pipe, conduit or the like into which such electric supply line may 
have been drawn or placed shall, unless other arrangements are approved 
by the Chief Electrical Engineer in any particular case, be effectively  
sealed  at  its  point  of entry into  any street  box so  as   to   prevent  any   
flow  of  gas  to  or  from  the  street  box;  and 
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ii) Such electric supply line shall be periodically inspected and tested where 
accessible, and the result of each such inspection and test shall be duly 
recorded by the supplier or the owner. 

b) It shall not be permissible to bring into use any further electric supply line  as 
aforesaid which is insulated or protected in situ by any composition or material known 
to be liable to produce noxious or explosive gases on excessive heating. 
10.1.12  Street boxes 
1. Street   boxes   shall   not   contain   gas   pipes,   and   precautions   shall   be   
taken   to prevent,   as   far   as   reasonably   possible,   any   influx  of  water  or   gas. 
2. Whether electric supply   lines forming   part   of   different   systems   pass   
through the same street box,   they   shall  be   readily  distinguishable   from   one   
another   and   all electric   supply   lines   at   high or   extra   high   voltage   in   street   
boxes   shall   be protected to prevent them of damage in or danger from adjacent   
electric   supply   lines. 
3. All street boxes shall be regularly inspected for the purpose of detecting the 
presence of gas and if any influx or accumulation is discovered, the owner shall give 
immediate notice to any authority or company who have gas mains in the neighborhood 
of the street box and in cases where a street box is large enough to admit the entrance of 
a person after the electric supply lines or apparatus therein have been placed in position, 
ample provision shall be made: 
a) to  ensure   that   any   gas  which   may  by   accident   have   obtained   access   
to the   box   shall   escape  before   a   person   is  allowed   to  enter,   and 
b) For the prevention of  danger from sparking. 
4. It shall be ensured that covers and doors of all street boxes or pillars containing 
circuits are so provided that they can be opened only by means of a key or a special 
appliance. 

10.1.13 Accidental Charge 
 All circuits and apparatus shall be so arranged that there shall be no danger of 
any part thereof becoming accidentally charged to any voltage beyond the limits of 
voltage for which, they are intended. 
Where A.C. and D.C. circuits are installed on the same support they shall be so 
arranged and protected that they shall not come into contact with each other when 
live. 

10.2 Provisions   applicable   to   protective   equipment 
1. Fire buckets filled with clean dry sand and ready for immediate use for 

extinguishing fires, in addition to fire extinguishers suitable for dealing with 
electric fires, shall be conspicuously marked and kept in all generating stations, 
enclosed substations and switch stations in convenient situation. The fire 
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extinguishers shall be tested for satisfactory operation at least once a year and 
record of such tests shall be maintained. 

2. First-Aid boxes or cupboards, conspicuously marked and equipped with such 
contents as the State Government may specify, shall be provided and maintained 
in every generating station, enclosed sub-station and enclosed switch station, so 
as to be readily accessible during all working hours. 

 All such boxes and cupboards shall, except in the case of unattended sub-
stations and switch stations be kept in charge of responsible persons who are trained in 
first-aid treatment and one of such person shall be available during working hours. 
10.3 Instructions   for   restoration   of   persons   suffering from   electric   shock 
1. Instructions, in English or Hindi and the local language of the district and where 

Hindi is the local language, in English and Hindi for the restoration of persons 
suffering from electric shock, shall be affixed by the owner in a conspicuous 
place in every generating station, enclosed sub-station, enclosed switch-station 
and in every factory as defined in clause (m) of Section 2 of the Factories Act. 
1948 {LXXIII of 1948) in which electricity is used and in such other premises 
where electricity is used as the Inspector or any officer appointed to assist the 
Inspector may by notice in writing served on the owner, direct. 

2. Copies of the instructions shall be supplied on demand by an officer or officers 
appointed by the Central or the State Government in this behalf at a price to be 
fixed by the Central or the State Government. 

3. It shall be ensured that in every generating station, enclosed sub-station, 
enclosed switch-station and every factory or other such premises authorized 
persons employed  by him  are  acquainted  with  and  are competent to  apply 
the instructions referred above. 

10.4 Intimation   of   Accident 
 If any accident occurs in connection with the generation, transmission, supply or 
use of energy in or in connection with, any part of the electric supply lines or other 
works of any person and the accident results in or is likely to have resulted in loss of 
human or animal life or in any injury to human being or an animal, such person or any 
authorized person shall send to the Inspector a telegraphic report within 24 hours of the 
knowledge of the occurrence of the fatal accident and a written report in the form set 
out in Annexure XIII of Indian Electricity Rules within 48 hours of the knowledge  of 
occurrence of fatal and all other accidents. Where practicable a telephonic message 
should also be given to the Inspector immediately the accident comes to the knowledge 
of the authorized officer concerned. 
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10.5      Precautions   to   be   adopted  by   consumers,   owners   [occupiers,   
electrical contractors,   electrical   workmen   and   suppliers] 
1. No electrical installation work including additions, alterations, repairs and 
adjustments to existing installations, except such replacement of lamps, fans, fuses 
switches, low voltage domestic appliances and fittings as in no way alters its capacity or 
character, shall be carried out upon the premises of or on behalf of any consumer, 
owner for the purpose of supply to such consumer except by an electrical contractor 
licensed in this behalf by the State Government and under the direct supervision of a 
person holding a certificate of competency and by a person holding a permit issued or 
recognized by the   State   Government. 
Provided that in the case of works executed for or on behalf of the Central Government 
and in the case of installations in mines, oil fields and railways, the Central Government 
and in other cases the State Government, may by notification in the official gazette, 
exempt, on such conditions as it may impose, any such work described therein either 
generally or in. the case of any specified class of consumers, owners [for occupiers] 
from so much of this sub-rule as requires such work to be carried out by an electrical 
contractor licensed by the State Government in this behalf. 
2. No   electrical  installation   work which   has  been  carried   out, in  
contravention   of sub-rule   (1)   shall   either  be   energized  or  connected  to  the  
works  of  any  supplier. 
10.6 Precautions   against   leakage   before   connection: 
1. Connection to electric supply to an installation or apparatus on the premises 
shall not be done unless it is reasonably satisfied that the connection will not at the time 
of making the connection cause a leakage from that installation or apparatus of a 
magnitude detrimental to safety. Compliance with this rule shall be checked by 
measuring the insulation* resistance as provided below: 

Medium   and   Low.  Voltage   Installations: 
 At   a   pressure   of   500   V   applied   between   each   live  conductor   and   
earth   for   a   period of one  minute,  the insulation  resistance  of medium  and  low 
voltage installation  shall  be 1   megohm   or   as   specified     by the  Indian  Standards  
Institution  from  time  to   time.  
Leakage   on   consumer's  premises 
 If there is a reason to believe that there is in the system of a consumer leakage 
which is likely to affect injuriously the use of energy by the supplier or by other 
persons, or which is likely to cause danger, it shall be necessary to inspect and test the 
installation to detect the extent/level of leakage and electrical connection shall be 
provided to such installation when its leakage is found to be within permissible limit. 
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10.7    Provisions   applicable   to   medium,   high   or   extra   high   voltage 
installations 
The following   provisions  shall  be   observed  where  energy   at  medium,   high  or  
extra high  voltage  is   supplied,   converted,   transformed  or  used: 
a) All conductors (other than those of overhead lines) shall be completely enclosed 
in mechanically strong metal casing or metallic covering which is electrically and 
mechanically continuous and adequately protected against mechanical damage unless 
the said conductors are accessible only to an authorized person or are installed and 
protected to the satisfaction of the Inspector so as to prevent danger: 
[Provided that non-metallic conduits conforming to the relevant Indian Standard 
Specifications may be used for medium voltage installations, subject to such conditions 
as the Inspector may  think  fit   to   impose]. 
b) All metal works, enclosing, supporting or associated with the installation, other than 
that designed to serve as a conductor shall be connected with an earthing system as per 
standards laid down in the Indian Standards in this regard and in also accordance with 
rule 61(4). 
c)     Every  switchboard   shall  comply  with  the   following   provisions,   namely: 
i) A clear space of not less than 1 m in width shall be provided in front .of the 

switchboard; 
ii) If there are any attachments or bare connections at the back of the switchboard, 

the space (if any) behind the switchboard shall be either less than 20 centimeters 
or more than 75 cm in width, measured from the farthest outstanding part of any 
attachment or conductor; 

iii) If the space behind the switchboard exceeds 75 centimeters in width, there shall 
be passage-way from either end of the switchboard clear to a height of 1.8 m. 

[(a) In case of installation provided in premises where inflammable materials including 
gases and/or chemicals are produced, handled or stored, the electrical 
installations, equipment and apparatus shall comply with the requirements of 
flame proof, dust with, totally enclosed for any other suitable type of electrical 
fittings depending upon   the   hazardous  zones  as   per  the  relevant  Indian  
Standard  Specification] 

 
10.8 Variation   in   voltage   and   frequency  of  supply   : 
 While designing the system, following variations in voltage and  frequency of 

supply shall be  borne  in  mind: 
 Voltage  variation  in  case   of  low  and   medium  voltage  supply   :   ±   6% 

Frequency  variation  of  supply   :   ±   3%  
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10.9 Precautions   against   failure   of   supply   :   Notice   of   failures: 
1. The layout of the electric supply lines for the supply of energy throughout the 
area of supply in installation shall under normal, working conditions be sectionalised 
and so arranged, and provided with cut-outs or circuit-breakers so located, as to restrict 
within reasonable limits the extent of the portion of the system affected by any failure 
of supply. 
10.10. Connections with earth 
10.10.1   The following provisions shall apply to the connection with earth of systems 
at low voltage in cases where the voltage normally exceeds 125 volts and of systems at 
medium voltage: 
a) Neutral conductor of a phase, 4 wire system and the middle conductor of a 2 

phase, 3 wire system shall be earthed by not less than two separate and distinct  
connections with a minimum of two different earth electrodes or such large 
number as may be necessary to bring the earth resistance to a satisfactory value 
both at the generating station and at the sub-station. The earth electrodes so 
provided, may be interconnected to reduce earth resistance. It may also be 
earthed at one or more points along the distribution system or service line in 
addition to any connection with earth which may be at the consumer's premises. 

b) In the case of a system comprising electric supply lines having concentric 
cables, the external conductor of such  cables shall be earthed by two separate 
and distinct connections with earth. 

c) The connection with earth may include a link by means of which the connection 
may be temporarily interrupted for the purpose of testing or for locating a fault. 

d) 
 i) In   a  direct  current  three  wire  system  the middle  conductor  shall   

be  earthed   at the  generating  station  only,  and  the current  from the  
middle  conductor to  earth shall  be     continuously   recorded  by  
means  of  a  recording  ammeter,   and   if  any time   the   current   
exceeds   one-thousand   part  of  the   maximum   supply-current 
immediate  steps  shall   be   taken   to  improve  the  insulation  of  the  
system. 

 ii) Where the middle conductor is earthed by means of a circuit-breaker 
with a resistance shall not exceed 10 ohms and on the opening of the 
circuit-breaker, immediate steps shall be taken to improve the insulation 
of the system, and the circuit-breaker shall be re-closed as soon as 
possible. 
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 iii) The resistance shall be used only as a protection for the ammeter in case 
of earths on the system and until such earths are removed. Immediate 
steps shall be taken to locate and remove the earth. 

e) In the case of an alternating current system, there shall not be inserted in the 
connection with earth any impedance (other than that required solely for the 
operation of switch-gear or instruments), cut-out of circuit-breaker, and the 
result of any test made to ascertain whether the current (if any) passing through 
the connection with earth is normal, shall be duly recorded by the supplier. 

f) No person shall make connection with earth by the aid of, nor shall he keep it in 
contact with any water main not belonging to him except with the consent of the 
owner thereof and by competent authority. 

g) Alternating current systems, which are connected with earth as aforesaid may be 
electrically interconnected: 

 Provided that each connection with earth is bonded to the metal sheathing and 
metallic armouring (if any) of the electric supply lines concerned. 
10.10.2 The frame of every generator, stationary motor, portable motor, and the 
metallic parts (not intended as conductors) of all transformers and any other apparatus 
used for regulating or controlling energy and all medium voltage energy consuming 
apparatus shall be earthed by the owner by two separate and distinct connections with 
earth. 
10.10.3 All metal casing or metallic coverings containing or protecting any electric 
supply line or apparatus shall be connected with earth and shall be so joined and 
connected across all junction boxes and other openings as to make good mechanical and 
electrical connection throughout their whole length: 
Provided that where the supply is at low voltage, this sub-rule shall not apply to isolated 
tubes or to brackets, , switches, ceiling fans or other fittings (other than portable hand 
lamps and portable and transportable apparatus) unless provided with earth terminal and 
to class-H apparatus/appliances. 
Provided further that where the supply is at low voltage and where the installations are 
either new or renovated all plug sockets shall be of the three-pin type and the third pin 
shall be permanently and efficiently earthed. 
10.10.4 All   earthing systems shall : 
a) Consist of equipotential bonding conductors capable of carrying the prospective 

earth fault current and a ground of pipe/rod/plate electrodes for dissipating the 
current to the general mass of earth without exceeding the allowable temperature 
limits as per relevant Indian Standards in order to maintain all non-current 
carrying metal works reasonably at earth potential and to avoid dangerous 
contact potentials being developed on such metal works; 
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b) Limit earth resistance sufficiently low to permit adequate fault current for the 
operation of protective devices in time and to reduce neutral shifting; 

c) Be mechanically strong, withstand corrosion and retain electrical continuity 
during the life of the installation. All earthing systems shall be tested to ensure 
efficient earthing, before the electric supply lines or apparatus are energized. 

5. All earthing systems shall in addition, be tested for resistance on dry day during 
the dry season not less than once every two years. 
6. A record of every earth test made and the result thereof shall be kept for a period 
of not less than two years after the day of testing and shall be available for inspection. 
10.11 Earth   leakage   protective   device 
 The supply of Energy to every electrical installation other than low voltage 
installation below 5 kW and those low voltage installations which do not attract 
provisions of Section 30 of the Indian Electricity Act, 1910, shall be controlled by an 
earth leakage protective device so as to disconnect the supply instantly on the 
occurrence of earth fault or leakage of current. 
 Provided that the above shall not apply to over head supply lines having 
protective device which are effectively bonded to the neutral of supply transformers and 
conforming to rule 91 of I.E. Rules, 1956. 
10.12 Systems   at   medium   voltage 
 Where   a  medium   voltage   supply   system   is  employed,   the  voltage  
between   earth   and  any   conductor   forming   part   of  the   same   system   shall   
not,   under  normal   conditions, exceed  low   voltage. 
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11.0   EXTRACTS FROM INDIAN 

 ELECTRICITY RULES 
  

CHAPTER I : PRELIMINARY 
2. Definitions- 
In these rules unless the context otherwise requires, 
t) "Enclosed sub-station" means any premises or enclosure or part thereof, being 

large enough to admit the entrance of a person after the apparatus therein is in 
position, containing apparatus for transforming or converting energy to or from 
a voltage at or above medium voltage (other than transforming or converting 
solely for the operation of switchgear or instruments) with or without any other 
apparatus for switching, controlling or otherwise regulating the energy, and 
includes the apparatus therein. 

u) "Enclosed switch-station" means any premises or enclosure or part thereof, 
being large enough to admit the entrance of a person after the apparatus therein 
is in position, containing apparatus for switching, controlling or otherwise 
regulating energy at or above medium voltage but not for transforming or 
converting energy (other than for transforming or converting solely for the 
operation of switchgear or instruments), and includes the apparatus therein. 

v) "Guarded" means covered, shielded, fenced or otherwise protected by means of 
suitable casings, barrier, rails or metal screens to remove the possibility of 
dangerous contact or approach by persons or objects to a point of danger. 

y) "Installation" means any composite electrical unit used for the purpose of 
generating, transforming, transmitting, converting, distributing or utilizing 
energy. 

aaa) "Linked Switch" means a switch with all the poles mechanically linked so as to 
operate simultaneously. 

aq) "Switch" means a manually operated device for opening and closing or for 
changing the connection of a circuit. 

ar) "Switchgear"   shall  denote  switches,  circuit  breakers,   cutouts  and  other  
apparatus used for,-the operation regulation and control of circuits. 

av) "Voltage" means the difference of electric potentials measured in Volts between 
any two conductors or between any part of either conductor and the earth as 
measured by a suitable voltmeter and is said to be "Low" where the voltage does 
not exceed 250 Volts under normal conditions subject, however, to the  
percentage  variation allowed by these rules. 
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 "medium"  where the voltage does not exceed  650 Volts under normal 
conditions subject, however, to the percentage variation allowed by these rules; 

 "High" where the voltage does not exceed 33,000 Volts under normal conditions 
subject, however to percentage variation allowed to these rules; 

 "Extra high" where the voltage exceeds 33000 volts under normal conditions 
subject, however, to the percentage variation allowed by these rules; 

CHAPTER IV:  GENERAL SAFETY REQUIREMENTS 
29.      Construction, installation, protection, operation and maintenance of electric 

supply lines and apparatus  - 
(1) All electric supply lines and apparatus shall be of sufficient ratings for power, 

insulation and estimated fault current and of sufficient mechanical strength, for 
the duty which they may be required to perform under the environmental 
conditions of installation, and shall be constructed, installed, protected, worked 
and maintained in such a manner as to ensure safety of personnel and property. 

(2) Save as otherwise provided in these rules, the relevant code of practice of the 
Bureau of Indian Standards including National Electrical Code if any may be 
followed to carry our the purposes of this rule and in the event of any 
inconsistency, the provision of these rules shall prevail. 

(3) The material and apparatus used shall conform to the relevant specifications of 
the Bureau of Indian Standards where such specifications have already been laid 
down. 

42. Accidental charge 
 The owners of all circuits and apparatus shall so arrange them that there shall be 
no danger of any part thereof becoming accidentally charged to any voltage beyond the 
limits of voltage for which they are intended. 
 Where A.C. and D.C. circuits are installed on the same support they shall be so 
arranged and protected that they shall not come into contact with each other when live. 

CHAPTER V:  GENERAL CONDITIONS RELATING TO  
                  SUPPLY AND USE OF ENERGY 

50. Supply and use of energy 
(1)       The energy shall not be supplied transformed; converted or used or continued to 

be supplied transformed converted or used unless provisions as set out below are 
observed: 

a) The following controls of requisite capacity to carry and break the current are 
placed as near as possible to, but after the point of commencement of supply as 
defined in rule 58 so as "to be readily accessible and capable of being easily 
operated to completely isolate the supply to the installation of such equipment 
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being in addition to 'any equipment installed for controlling individual circuits 
or apparatus: 

i) a linked switch with fuse(s) or a circuit breaker by low and medium voltage 
consumers. 

ii) a linked switch with fuse(s) or a circuit breaker by HV consumers having 
aggregate installed transformer/apparatus capacity up to 1000 kVA to be 
supplied at voltage upto 11 kV and 2500 kVA at higher voltages (above 11 kV 
and not exceeding 33 kV). 

iii) a circuit breaker by HV consumers having an aggregate installed transformer/ 
apparatus capacity above 1000 kVA and supplied at 11 kV and above 2500 kVA 
supplied at higher voltages (above 11 kV and not exceeding 33 kV). 

iv) a circuit breaker by EHV consumer: 
Provided that where the point of commencement of supply and the consumer apparatus 
are near each other one linked switch with fuse(s) or circuit breaker near the point of 
commencement of supply as required by this clause shall be considered sufficient for 
the purpose of this Rule. 
b. In case of every transformer the following shall be provided: 
i) On  primary  side  for  transformers  a  linked  switch  with  fuse(s)  or  circuit 

breaker of adequate capacity. 
Provided that the linked switch on the primary side of the transformer may be of such 
capacity as to carry the full load current and to break only the magnetising current of 
the transformer: 
Provided further that for transformers of capacity 5000 kVA and above a circuit breaker 
shall be provided: 
Provided   further  that  the  provision  of  linked  switch   on  the  primary  side  of  the 
transformer shall not apply to the unit auxiliary transformer of the generator. 
ii) On the secondary side of transformers of capacity 100 kVA and above 

transforming HV to MV or LV, a linked switch with fuse(s) or circuit breaker of 
adequate capacity capable of carrying and breaking full load current and for 
transformers transforming HV to EHV as the case may be, a circuit breaker: 

Provided that where the transformer  capacity exceeds 630 kVA a circuit breaker of 
adequate capacity shall be installed on the secondary side. 
C Except in the case of "composite control- gear designed as a unit distinct circuit 
is protected against excess energy by means of suitable cut-out or a circuit breaker of 
adequate breaking capacity suitably located and so constructed as to prevent danger 
from overheating, arcing or scattering of hot metal when it comes into operation and to 
permit for ready renewals of the fusible metal of the cut-out without danger: 
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51. Provision applicable to medium, high or extra high voltage installations 
The following provisions shall be observed where energy at medium, high or extra high 
voltage is supplied, converted, transformed or used: 
(a)        All conductors (other than those of overhead lines) shall be completely enclosed 
in mechanically strong metal casing or metallic covering which is electrically and 
mechanically continuous and adequately protected against mechanical damage unless 
the said conductors are accessible only to an authorised person or are installed and 
protected to the satisfaction of the Inspector so as to prevent danger: 
Provided   that   non-metallic conduits conforming  to  the   relevant  Indian   Standard 
Specifications may be used for medium voltage installations, subject to such conditions 
as the Inspector or Officer appointed to assist an Inspector may think fit to impose. 
(b) All metal works, enclosing, supporting or associated with the installation, other 
than that designed to serve as a conductor shall be connected with an earthing system as 
per standards laid down in the Indian Standards in this regard and also in accordance 
with rule 61(4). 
(c) Every switchboard shall comply with the following provisions, namely: 
i) A clear space of not less than 1metre in width shall be provided in front of the 
switchboard. 
ii)  If there are any attachments or bare connections at the back of the switchboard, 
the space (if any) behind the switchboard shall be either less than 20 centimeter or more 
than 75 centimetre in width, measured from the farthest outstanding part of any 
attachment or conductor : 
iii) If the space behind switchboard exceeds 75 centimetre in width, there shall be a 
passage-way from either end of the switchboard clear to a height of 1.8 metre. 
(a) In case of installation provided in premises where inflammable materials 
including gases and/or chemicals are produced, handled or stored, the electrical 
installations, equipment and apparatus shall comply with the requirements of flame 
proof, dust tight, totally enclosed or any other suitable type of electrical fittings 
depending upon the hazardous zones as per the relevant Indian Standard Specification. 

54. Declared voltage of supply to consumer 
 Except with the written consent of the consumer or with the previous sanction of 
the State Government a supplier - shall not permit the voltage at the point of 
commencement of supply as defined under rule 58 to vary from the declared voltage. 
i) In the case of low or medium voltage, by more then 6 per cent , or; 
ii) In the case of high voltage, by more than 6 percent on the higher side or by more 

than 9 percent on the lower side, or; 
iii) In the case of extra high voltage, by more than 10 percent on the higher side or 

by more than 12.5 percent on the lower side. 

   120



 

55.      Declared frequency of supply to consumer 
 Except with the written consent of the consumer or with the previous sanction of 
the State Government a supplier shall not permit the frequency of an alternating current 
supply to vary from the declared frequency by more than 3 percent. 

CHAPTER VI:  ELECTRIC SUPPLY LINES, SYSTEMS AND 
APPARATUS FOR LOW AND MEDIUM VOLTAGES 

61. Connection with earth 
1. The following provisions shall apply to the connection with earth of systems at a 

low voltage in cases where the voltage normally exceeds 125 Volts and of 
systems at medium voltage: 

a) Neutral conductor of a phase, 4 wire system and the middle conductor of a 2 
phase, 3-wire system shall be earthed by not less than two separate and distinct 
connections with a minimum of two different earth electrodes or such large 
number as may be necessary to bring the earth resistance to a satisfactory value 
both at the generating station and at the sub-station. The earth electrodes so 
provided, may be interconnected to reduce earth resistance. It may .also be 
earthed at one or more points along the distribution system or service line in 
addition to any connection with earth which may be at the consumer's premises. 

b) In the case of a system comprising electric supply lines having concentric 
cables, the external conductor of such cables shall be earthed by two separate 
and distinct connections with earth. 

c) The connection with earth may include a link by means of which the connection 
may be temporarily interrupted for the purpose of testing or for locating a fault. 

d) i) In a direct current three wire system 'the middle conductor shall be earthed at 
the generating station only, and the current from the middle conductor to earth 
shall be continuously recorded by means of a recording ammeter, and if any 
time the current exceeds one-thousandth part of the maximum supply-current 
immediate steps shall be taken to improve the insulation of the system. 

ii) Where the middle conductor is earthed by means of a circuit-breaker with a 
resistance connected in parallel, the resistance shall not exceed 10 Ohms and on 
the opening of the circuit-breaker, immediate steps shall be taken to improve the 
insulation of the system, and the circuit breaker shall be reclosed as soon as 
possible. 

iii) The resistance shall be used only as a protection for the ammeter in case of 
earths on the system and until such earths are removed. Immediate steps shall be 
taken to locate and remove the earth. 

e) In the case of an alternating current system, there shall not be inserted in the 
connection with earth any impedance (other than that required solely for the 
operation of switch-gear or instruments), cut-out or circuit-breaker, and the 
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result of any test made to ascertain whether the current (if any) passing though 
the connection with earth is normal, shall be duly recorded by the supplier. 

g) Alternating current systems which are connected with earth as aforesaid may be 
electrically interconnected: 

Provided that each connection with earth is bonded to the metal sheathing and metallic 
armouring (if any) of the electric supply line concerned. 
2. The frame of every generator, stationary motor, portable motor, and the metallic 

parts (not intended as conductors) of all transformers and any other apparatus 
used for regulating or controlling energy and all medium voltage energy 
consuming apparatus shall be earthed by the owner by two separate and distinct 
connections with earth. 

3. All metal casings or metallic coverings containing or protecting any electric 
supply-line or apparatus shall be connected with earth and shall be so joined and 
connected across all junction boxes and other openings as to make good 
mechanical and electrical connection throughout their whole length. 

Provided that where the supply is at low voltage, this sub-rule shall  not apply to 
isolated wall  tubes or to brackets,  switches,  ceiling fans  or other  fittings  (other than 
portable hand lamps and portable and transportable apparatus) unless provided with 
earth terminal and to class-11 apparatus/appliances; 
Provided further that where the supply is at low voltage and where the installations are 
either new or renovated all plug sockets shall be of the three-pin type, and the third pin 
shall be permanently and efficiently earthed. 
Explanation: 
The words (Class-II apparatus/appliances will have the same meaning as assigned to 
these words in the relevant 1SS. 
4. All earthing system shall - 
a) consist of equipotential bonding conductors capable of carrying the prospective 
earth fault current and group of pipe/rod/plate electrodes for dissipating the current to 
the general mass of earth without exceeding the allowable temperature limits as per 
relevant Indian Standards in order to maintain all non-current carrying metal works 
reasonably at earth potential and to avoid dangerous contact potentials being developed 
on such metal works; 
b) limit earth resistance sufficiently low to permit adequate fault current for the 
operation of protective devices in time and to reduce neutral shifting; - 
c) be mechanically strong, withstand corrosion and retain electrical continuity 
during the life of the installation. All earthing systems shall be tested to ensure efficient 
earthing, before the electric supply lines or apparatus are energised. 
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5. All earthing systems belonging to the supplier shall, in addition, be tested for 
resistance on dry day during the dry season not less than once every two years. 
6. A record of every earth test made and the result thereof shall be kept by the 
supplier for a period of not less than two years after the day of testing and shall be 
available to the Inspector or any officer appointed to assist the Inspector and authorised 
under sub-rule (2) of the rule 4A when required. 
61. A Earth leakage protective  device 

The supply of Energy to every electrical installation other than low voltage 
installation below 5 KW and those low voltage installations which do not attract 
provisions of Section 30 .of the Indian Electricity Act, 1910, shall be controlled by an 
earth leakage protective device so as to disconnect the supply instantly on the 
occurrence of earth fault or leakage of current: 
Provided that the above shall not apply to over head supply line having protective 
devices which are effectively bonded to the neutral of supply transformers and 
conforming to rule 91 of I.E. Rules, 1956. 
62. Systems  at  medium voltage 
 Where a medium voltage supply system is employed, the voltage between earth 
and any conductor forming part of the same system shall not, under normal conditions, 
exceed low voltage. 
CHAPTER VII:  ELECTRIC SUPPLY LINES, SYSTEMS AND APPARATUS 
FOR HIGH AND    EXTRA HIGH VOLTAGES 
64. Use of energy at high  and extra high voltage 
1. The Inspector shall not authorise the supplier to commence  supply or where the 

supply has been discontinued for a period of one year and above, to re-
commence the supply at high or extra high voltage to any consumer unless: 

a) all conductors and apparatus situated on the premises of the consumer are so 
placed as to be inaccessible except to an authorised person and all operations in 
connection with the said conductors and apparatus are carried out by an 
authorised person; 

b) the consumer has provided and agrees to maintain a separate building or a 
locked weather-proof and fire-proof enclosure- of agreed design and location, to 
which the supplier at all times have access for the purpose of housing his 
apparatus and metering equipment, or where the provision for a separate 
building or enclosure  is impracticable, the consumer has segregated the 
aforesaid apparatus of the supplier from any other part of his own apparatus: 

Provided that such segregation shall be by the provision of fire proof walls, if the 
Inspector considers it to be necessary; 
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Provided further that in the case of an out-door installation consumer shall suitably 
segregate the  aforesaid  apparatus belonging to the supplier from his  own to the 
satisfaction of the Inspector; 
c) All  pole  type  sub-stations  are  constructed  and  maintained  in  accordance 
with rule 69. 
2. The following provisions shall be observed where energy at high or extra high 
voltage is supplied, converted, transformed or used: 
a) i) The clearance as per Indian Standard Code shall be provided for electrical 
apparatus so that sufficient space h available for easy operation and maintenance 
without any hazard to the operating and maintenance personnel working near the 
equipment and for ensuring adequate ventilation. 
 ii) The following clearance shall be maintained for bare conductors or live 
parts of any apparatus in out-door sub-stations, excluding overhead 
lines, of HV and EHV installations: 
 
Voltage Class Ground Sectional 
 Clearance clearance 
 m m 
Not exceeding  11 kV 2:75 2.6 
—do—  33  kV 3.7 2.8 
— do— 66  kV 4.0 3.0 
— do—132  kV 4.6 3.5 
— do—220 W     5.5 4.3 
— do —400 Kv 8.0 6.5 
b) The windings of motors or other apparatus within reach from any position in 

which a person may require to be shall be suitably protected so as to prevent 
danger. 

c) Where transformer or transformers are used, suitable provision shall be made, 
either by connecting with earth a point of the circuit at the lower voltage or 
otherwise, to guard against danger by reason of the said circuit becoming 
accidentally charged above its normal voltage by leakage from or contact with 
the circuit at the higher voltage. 

d) A substation or a switch station with apparatus having more than 2000 litre of 
oil shall not be located in the basement where proper oil draining arrangement 
cannot be provided. 
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e) Where a sub-station or a switch station with apparatus having more than 2000 
litre of oil is installed, whether indoor or out-doors. the following measures shall 
be taken namely: .                                  . 

1) The baffle walls (of 4 Hours fire rating) sha!l be provided between the apparatus 
in the following case: 
a) single phase banks in the switch-yards of generating stations and sub-stations; 
b) on the consumer premises; 
c) where adequate clearance between the units is not available. 
ii) Provisions shall be made for suitable oil soak pit and where use of more than 

9000 litres of oil in any one oil tank, receptacle or chamber is involved, 
provision shall be made for the draining away or removal of any oil which may 
leak or escape from the tanks, receptacles or chambers containing the same. 
Special precautions shall be taken to prevent the spread of any fire resulting 
from the ignition of the oil from any cause and adequate provision shall be made 
for extinguishing any fire which may occur. Spare oil shall not be stored in any 
such sub-station or switch station. 

f)i}    Without prejudice to the above measures, adequate fire protection arrangement 
shall be provided for quenching the fire in the apparatus: 

ii) Where it is necessary to locate the sub-station/switch station in the basement 
following measures shall be taken: 

a) The room shall necessarily be in the first basement at the periphery of the 
basement; 

b) The entrances to the room shall be provided with fire resisting doors of 2 hours 
fire rating. A curb (sill) of a suitable height shall be provided at the entrance in 
order to prevent the flow of oil from a ruptured transformer into other parts of 
the basement. Direct access to the transformer room shall be provided from 
outside. 

c) The transformer shall be protected by an automatic high velocity water spray 
system or by carbon dioxide or BCF (Bromo-chloro-difluromethane) or BTM 
(Bromo-trifluromethane) fixed installation system; and 

iii) Oil filled transformers installed indoors shall not be on any floor above the 
ground or below the first basement. 

g) Cable trenches inside the sub-stations and switch stations containing cables shall 
be filled with sand, pebbles or similar non-inflammable materials or completely 
cover with non-inflammable slabs; 

h) unless the conditions are such that all the conductors and apparatus may be 
made dead at the same time for the purpose of cleaning or for other work, the 
said conductors and apparatus shall be so arranged that these may be made dead 
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in sections, and that work on any such section may be carried on by an 
authorised person without danger. 

i} only person authorised under sub-rule (1) of rule 3, shall carry out the work on 
live lines and apparatus. 

3. All EHV apparatus shall be protected against lightning as well as against 
switching over voltages. The equipment used for protection and switching shall 
be adequately co-ordinated with the protected apparatus to ensure safe operation 
as well as to maintain the stability of the inter-connected units of the power 
system. 

64       A. Additional provisions for use of energy at high and extra high voltage 
 The following additional provisions shall be observed where energy at high or 

extra high voltage is supplied, converted, transferred or used, namely: 
i) Inter-locks:  suitable inter-locks shall be provided in the following cases : 
a) Isolators and the controlling circuit breakers shall be inter-locked so that the 

isolators cannot be operated unless the corresponding breaker is in open 
position; 

b) Isolators and the corresponding earthing switches shall be inter-locked so that no 
earthing switch can be closed unless and until the corresponding isolator is in 
open position. 

c) Where two or more supplies are not intended to be operated in parallel, the 
respective circuit breakers or- linked switches controlling the supplies shall be 
inter-locked to prevent possibility of any inadvertent paralleling or feedback; 

d) When two or more transformers are operated in parallel, the system shall be so 
arranged as to trip the secondary breaker of transformer in case the primary 
breaker of that transformer trips; 

e) All gates or doors which give access to live parts of an installation shall be 
interlocked in such a way that these cannot be opened unless the live parts are 
made dead. Proper discharging and earthing of these parts should be ensured 
before any person comes in close proximity of such parts; 

f) Where two or more generators operate in parallel and neutral switching is 
adopted, inter-lock shall be provided to ensure that generator breaker cannot be 
closed unless one of the neutrals is connected to the earthing system. 

2. Protection: All systems and circuits shall be so protected as to automatically 
disconnect the supply under abnormal conditions. 

The following protection shall be provided, namely : 
a) over current protection to disconnect the supply automatically if the rated 

current of the equipment, cable or supply line is exceeded for a time which the 
equipment, cable or supply line is not designed to withstand; 
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b) Earth-fault/earth leakage protection to disconnect the supply automatically if the 
earth fault current exceeds the limit of current for keeping the contact potential 
within the reasonable values; 

c) Gas  pressure type  protection  to  give alarm  and tripping  shall be  provided  
on  all transformers of ratings  1000 kVA and above. 

d) Transformers of capacity 10 MVA and above shall be protected against incipient 
faults by differential protection; and 

e) All generators with rating of 100 kVA and above shall be protected against earth 
fault/leakage. All generators of rating 1000 kVA and above shall be protected 
against faults within the generator winding using restricted earth fault protection 
or differential protection or by both. 

67.       Connection with earth 
 All non-current carrying metal parts associated with HV/EHV installation shall 

be effectively earthed to a grounding system or mat which will: 
a) limit the touch and step potential to tolerable values; 
b) limit the ground potential rise to tolerable values so as to prevent danger due to 

transfer of potential through ground, earth wires, cable sheath fences, pipe lines, 
etc. 

c) maintain the resistance of the earth connection to such a value as to make 
operation of the protective device effective. 

In the case of star-connected system with earthed neutral or delta connected system 
with earthed artificial neutral point : 
a) The neutral point of every generator and transformer shall be earthed by 

connecting it to the earthing system as defined in Rule 61(4) and herein above 
by not less than two separate and distinct connections: 

Provided that the neutral point of a generator may be connected to the earthing system 
through an impedance to limit the fault current to the earth; 
Provided further that in the case multi-machine system neutral switching may be 
resorted to, for limiting the injurious effect of harmonic current circulation in the 
system; 
b) In the event of an appreciable harmonic current flowing in the neutral 

connection so as to cause interference, with communication circuits, the 
generator or transformer neutral, shall be earthed through a suitable impedance; 

c) In  case  of the  delta connected  system the neutral point shall be obtained by 
the insertion of a grounding transformer and current limiting resistance  or 
impedance wherever considered necessary at the commencement of such a 
system. 
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2. Single-phase high or extra-high voltage system shall be earthed in a manner 
approved by the Inspector. 

3. In the case of system comprising electric supply lines having concentric cables, 
the external conductor shall be the one to be connected with earth. 

4. Where a supplier proposes to connect with earth an existing system for use at 
high or extra-high voltage which has not hitherto been so connected with earth 
he shall give not less than fourteen days notice in writing together with 
particulars to the telegraph-authority or the proposed connection with earth. 

5. (a) Where the earthing lead and earth connection are used only in connection with 
earthing guards erected under high or extra-high voltage overhead lines where 
they cross a telecommunication line or a railway line, and where such lines are 
equipped with earth leakage relays of a type and setting approved by the 
Inspector, the resistance shall not exceed 25 Ohms. 

    (b) Every earthing system belonging to either the supplier or the consumer shall be 
tested for its resistance to earth on a dry day during dry season not less than 
once a year. Records of such tests shall be maintained and shall .be produced, if 
required before the Inspector or any officer appointed to assist him and 
authorised under sub-rule (2) rule 4A. 

6. In so far as the provisions of rule 61 are consistent with the provisions of this 
rule, all connections with earth shall also comply with the provisions of that 
rule. 

68.     General  conditions  as to transformation and control of energy 
1. Where energy at high or extra-high voltage is transformed, converted regulated 

or otherwise controlled in sub-stations or switch-stations (including outdoor 
substations and outdoor switch-stations) or in street boxes constructed 
underground the following provisions shall have effect: 

a) Sub-stations and switch-stations shall preferably be erected above ground, but 
where necessarily constructed underground due provisions for ventilation and 
drainage shall be made and any space housing switchgear shall not be used for 
storage of any materials especially inflammable and combustible materials or 
refuse. 

b) Outdoor sub-stations except pole type sub-stations and outdoor switch-stations 
shall (unless the apparatus is completely enclosed in a metal covering connected 
with earth, the said apparatus also being connected with the system by armoured 
cables) be efficiently protected by fencing not less than 1.8 metres in height or 
other means so as to prevent access to the electric-supply lines and apparatus 
therein by an unauthorized person; 

c) Underground street boxes (other than sub-stations) which contain transformers 
shall not contain switches or other apparatus, and switches, cut-outs or other 
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apparatus required for controlling or other purposes shall be fixed in separate 
receptacles above ground wherever practicable. 

2. Where energy is transformed, suitable provisions shall be made either by 
connecting with earth a point of the system at the lower voltage or otherwise to 
guard against danger by reason of the said system becoming accidentally 
charged above its normal voltage by leakage from a contact with the system at 
the higher voltage. 

69. Pole type  sub-stations 
 Where platform type construction is used for a pole type sub-station and 
sufficient space for a person to stand on the platform is provided a substantial hand rail 
shall be built around the said platform and if the hand rail is of metal, it shall be 
connected with earth; Provided that in the case of pole type sub-station on wooden 
supports and wooden platform the metal hand-rail shall not be connected with earth. 
70.     Condensers 
Suitable  provisions shall be  made for immediate  and automatic discharge of every 
static condenser on disconnection of supply. 

CHAPTER VIII: OVERHEAD LINES 
74. Material  and strength 
1. All conductors of overhead lines other than those specified in sub-rule (1) of 

rule 86 shall have a breaking strength of not less than 350 kg. 
2. Where the voltage is low and the span is of less than 15 metres and is on the 

owner's or consumer's premises, a conductor having an actual breaking strength 
of not less than 150 kg. may be used. 

75.       Joints 
Joints between conductors of overhead lines shall be mechanically and 

electrically secured under the conditions of operation. The ultimate strength of the joint 
shall not be less than 95 percent of that of the conductor, and the electrical conductivity 
not less than that of the conductor. 
Provided that no conductor of an overhead line shall have more than two joints in a 
span. 
76.       Maximum stresses : Factors of Safety 
1. (a) The  owner of every overhead  line  shall ensure  that  it has the 
following minimum factors of safety : 
i) for metal supports 1.5 
ii) for mechanically processed concrete supports 2.0 
iii) for hand-moulded concrete supports 2.5 
iv) for wood supports 3.0 
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The minimum factors of safety shall be based on such loads as would cause failure of 
the support to perform its function (assuming that the foundation and other components 
of the structure are intact) 
The aforesaid load shall be (i) equivalent to the yield point stress or the modulus of 
rupture, as the case may be, for supports subject to bending and vertical loads, (ii) the 
crippling load for supports used struts. 
The said owner shall also ensure that the strength of the supports in the direction of the 
line is not less than one-fourth of the strength required in the direction transverse to the 
line; 
Provided that in the case of latticed steel or other compound structures, factors of safety 
shall not be less than 1.5 under such broken wire conditions as may be specified by the 
State Government in this behalf. 
b) The minimum factor of safety for stay-wires guard-wires or bearer-wires shall 

be 2.5 based on the ultimate tensile strength of the wire. 
c) The minimum factor of safety for conductors shall be 2, based on their ultimate 

tensile strength. In addition, the conductors tension at 32°C, without external 
load, shall not exceed the following percentages of the ultimate tensile strength 
of the conductor; 

Initial unloaded tension 35 percent 
 Final unloaded tension 25 percent 
Provided that in the case of conductors having a cross section of a generally triangular 
shape, such as conductors composed of 3-wires. the final unloaded tension at 32°C shall 
not exceed 30 percent of the ultimate tensile strength of such conductor. 
2.        For the purpose of calculating the factors of safety prescribed in sub-rule (1) - 
a) The maximum wind pressure shall be such as the State Government may specify 

in each case; 
b) For cylindrical bodies the effective area shall be taken as two-thirds of the 

projected area exposed to wind pressure; 
c) For  latticed  steel  or  other compound  structures the wind  pressure  on the  

leg-side members  shall  be  taken  as  one-half  of  the wind  pressure  on  the  
windward  side members and the factors for safety shall be calculated on the 
crippling load of struts and upon the elastic limit of tension members; 

d) The maximum and minimum temperatures shall be such as the State 
Government may specify in each case. 

3. Notwithstanding anything contained in sub-rules (1) .and (2) in localities where 
overhead lines are liable to accumulations of ice or snow the State Government may by 
order in writing, specify the loading conditions for the purpose of calculating the factor 
of safety. 

   130



 

 
77.       Clearance  above  ground of the lowest conductor 
1) No  conductor of  an overhead  line,  including service  lines,  erected  across a  

street shall at any part thereof be at a height of less than - 
a) for low and medium voltage lines 5.8 m 
b) for high voltage lines 6.1 m 
2) No conductor of an overhead line, including service lines, erected along any 

street shall at any part thereof be at a height    less than - 
a) for low and medium voltage lines 5.5 m 
b) for high voltage lines 5.8 m 
3) No  conductor of  an  overhead  line including  service  lines,  erected  elsewhere  

than along or across any street shall be at a height less than    - 
a) for low, medium and high voltage 
 lines up to and including  11000 V, if bare 4.6 m 
b)         for low, medium and high voltage lines 
            upto and including  11000 V, if insulated 4.0 m 
c)         for high voltage lines above- 
 11000 V 5.2 m           
4) For extra-high voltage lines the clearance above ground shall not be less than 

5.2 m plus 0.3 metres for every 33000 V or part thereof by which the voltage of 
the line exceeds 33000 V.  

Provided that the minimum clearance along or across any street shall not be less than 
6.1. m. 
78.       Clearance between conductors and trolley wires 
(1) No conductor of an overhead line crossing a tramway or trolley bus route using 

trolley wires shall have less than the following clearances above any trolley 
wire: 

a) low and medium voltage lines    1.2 m 
Provided that where an insulated conductor suspended from a bearer wires crosses over 
a trolley wire  the minimum clearance for such insulated conductor shall be 0.6 metre. 

b) high voltage lines up to and  
 including 11000 V      1.8 m 
c) high voltage lines above 
 11000 V       2.5 m 
d) extra-high voltage lines     3.0 m 
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(2)        In any case of a crossing referred to in sub-rule (1), whoever lays his line 
later in time, shall provide the clearance between his own line and the line which 
will be crossed in accordance with the provisions of said sub-rule. 
Provided that if the later entrant is the owner of the lower line and is not able to 
provide adequate clearance, he should bear the cost for modification of the upper 
line so as to comply with, this rule. 
79. Clearance from buildings of low and medium voltage lines and service lines 
1) Where a low or medium voltage,-overhead line passes above or adjacent to or 
terminates on any building, the following minimum clearance from any accessible 
point, on the basis of maximum sag, shall be observed: 
a) for any flat roof, open balcony, verandah roof and lean-to-roof  
i) when the line passes above the building a vertical clearance of 2.5 m from the 
highest point,  and 
ii) when  the  line  passes  adjacent  to  the  building   a  horizontal  clearance  of 
1.2 m  from the nearest point,  and 
b) for pitched roof – 
 
i) when   the   line   passes  above   the  building   a  vertical  clearance  of  2.5 m 
immediately under the lines, and 
ii) when  the  line  passes  adjacent  to  the  building   a  horizontal  clearance  of 
1.2 m. 
2) Any conductor so situated as to have a clearance less than that specified in sub-
rule (1) shall be adequately insulated and shall be attached at suitable intervals to a 
bare earthed bearer wire having a breaking strength of not less than 350 kg. 
3) The horizontal clearance shall be measured when the line is at a maximum 
deflection from the vertical due to wind pressure. 

EXPLANATION  
For the purpose of this rule, expression "building" shall be deemed t6 include any 
structure, whether permanent or temporary. 
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80. Clearances from buildings of high and extra high voltage lines 
1) Where a high or extra-high voltage overhead line passes above or adjacent to 
any building or part of a building it shall have on the basis of maximum sag a vertical 
clearance above the highest part of the building immediately under such lines of not 
less than - 
a) for high voltage lines upto 
 and including 33,000 V 3.7 m 
b) for extra-high voltage line 3.7 metres 
  plus 0.30 m 
  for every additional 33,000V 
  or part thereof. 
2) The horizontal clearance between the nearest conductor and any part of such 
building shall, on the basis of maximum deflection due to wind pressure, be not less 
than - 
a) for high voltage lines upto and including 11,000 V    1.2 m 
b) for high voltage line above  ll,000 Volts and upto 
           and including 33,000 V                                                2.0 m 
c) for extra high voltage lines.                                                2.0 m 
                                                                                                          plus 0.3 m for every                                 
                                                                                                          33kv thereof 
EXPLANATION 
For the purpose of this rule expression "building" shall be deemed to include any 
structure, whether permanent or temporary. 
81. Conductors at different voltages on same supports 
 Where conductors forming parts of system at different voltages are erected on 
the same supports, the owner shall make adequate provision to guard against danger to 
lineman and others from the lower voltage system being charged above its normal 
working voltage by leakage from or contact with the higher voltage system and the 
methods of construction and the clearances between the conductors of the two systems 
shall be subject to the prior approval of the Inspector. 
83. Clearances:  General 
For the purpose of computing the vertical clearance of an overhead line, the maximum 
sag of any conductor shall be calculated on the basis of the maximum sag in still air and 
the maximum temperature as specified by the State Government under rule 76(2)(d). 
Similarly for the purpose of computing any horizontal clearance of an overhead line the 
maximum deflection of any conductor shall be calculated on the basis of the wind 
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pressure specified by the State Government under rule 76(2)(a) or may be taken as 
35°C, whichever is greater. 

84.       Routes : Proximity to  aerodromes 
 Over head lines shall not be erected in the vicinity of aerodromes until the 
aerodrome authorities have approved in writing the route of the proposed lines. 
85.       Maximum interval between supports 
 All conductors shall be attached to supports at intervals not exceeding the , 
limits based on the ultimate tensile strength of the conductor and the factor of safety 
prescribed in rule  -76. 
Provided that in the case of overhead lines carrying low or medium voltage conductors, 
when erected in, over, along, or across any street the interval shall not without the 
consent in writing of the Inspector, exceed 65 metres. 
86. Conditions to apply where telecommunication lines and power lines are carried 
on same supports 
1) Every overhead telecommunication line erected on supports carrying a power 

line shall consist of conductors each having a breaking strength of not less than 
270 kg. 

2) Every telephone used on a telecommunication line erected on supports carrying 
a power line shall be suitably guarded against lightning and shall be protected by 
cut-outs. 

3) Where a telecommunication line is erected on supports carrying a high or extra-
high voltage power line arrangement shall be made to safeguard any person 
using the telephone against injury resulting from contact, leakage or induction 
between such power and telecommunication lines. 

87. Lines crossing  or approaching each other 
1) Where an overhead line crosses or is in proximity to any telecommunication 

line, either the owner of the overhead line or the telecommunication line, 
whoever lays his line later, shall arrange to provide for protective devices or 
guarding arrangements, in a manner laid down in the Code of practice or the 
guidelines prepared by the Power and Telecommunication Coordination 
Committee and subject to the provisions of the following sub-rules: 

2) When it is intended to erect a telecommunication line or an overhead line which 
will cross or be in proximity to an overhead line or a telecommunication line, as 
the case may be the person proposing to erect such line shall give one month's 
notice of his intention so to do along with the relevant details of protection and 
drawings to the owner of the existing line. 

3) Where an overhead line crosses or is in proximity to another overhead line, 
guarding arrangements shall be provided so as to guard against the possibility of 
their coming into contact with each other. 
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Where an overhead line crosses another overhead line, clearances shall be as under: 
Voltage Category       High voltage       Extra high voltage 
Nominal system 22 33  66   110          132 220 
voltages (in kV)  
Clearance   Minimum value, metres 
Between lines when 
crossing each other 
(derived) 
250 V  2.44 2.44 2.44 2.75 3.05 4.58 
650 V  2.44 2.44 2.44 2,75  3.05 4.58 
11 kV  2.44 2.44 2.44 2.75 3.05 4.58 
22 kV  2.44 2.44 2.44 2.75 3.05 4.58 
33 kV  2.44 2.44 2.44 2.75 3.05 4.58 
66 kV  2.44 2.44 2.44 2.75 3.05 4.58 
110 kV 2.75 2.75 2.75 2.75 3.05 4.58 
132 kV 3.05 3.05 3.05 3.05 3.05 4.58 
220 kV 4.58 4.58 4. 58 4.58 4.58 4.58 
 Provided that no guardings are required when an extra high voltage line crosses 
over another extra high voltage, medium or low voltage line or a road or a tram subject 
to the condition that adequate clearance are provided between the lowest conductor of 
the extra high voltage line and the top most conductor of the overhead line crossing 
underneath the extra high voltage line and the clearances as stipulated in rule 77 from 
the top most surface of the road is maintained. 
4) A person erecting or proposing to erect a line which may cross or be in 

proximity with an existing line, may normally provide guarding arrangements 
on his own line or require the owner of the other overhead line to provide 
guarding arrangements as referred to in sub-rule (3). 

5) In all cases referred to in the preceding sub-rules the expenses of providing the 
guarding arrangements or protective devices shall be borne by the person whose 
line was last erected. 

6) Where two line cross, the crossing shall be made as nearly at right angles as the 
nature of the case admits and as near the support of the line as practicable, and 
the support of the lower line shall not be erected below the upper line. 

7) The Guarding arrangements shall ordinarily be carried out by the owner of the 
supports on which it is made and he shall be responsible for its efficient 
maintenance. 
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8) All work required to be done by or under this rule shall be carried out to the 
satisfaction of the Inspector. 

88.      Guarding 
1) Where guarding is required under these rules the provisions of sub-rule (2) to (4) 

shall apply. 
2) Every guard-wire shall be connected with earth at each point at which its 

electrical continuity is broken. 
3) Every guard-wire shall have an actual breaking strength of not less than 635 kg. 

and if made of iron or steel shall be galvanised. 
4) Every guard-wire or cross-connected system of guard wires shall have sufficient 

current-carrying capacity to ensure the rendering dead, without risk of fusing of 
the guard wire or wires till the contact of any live wire has been removed. 

89.       Service-lines  from Overhead lines 
No service-line or tapping shall be taken off an overhead line except at a point of 
support. 
90. Earthing 
1) All metal supports and all reinforced and prestressed cement concrete supports 
of overhead lines and metallic fittings attached thereto, shall be permanently and 
efficiently earthed. For this purpose a continuous earth wire shall be provided and 
securely fastened to each pole and connected with earth ordinarily at three points in 
every km. The spacing between the points being as nearly equi-distance as possible. 
Alternatively, each support and the metallic fittings attached thereto shall be efficiently 
earthed. 
Metallic bearer wire used for supporting insulated wires of low and medium voltage 
overhead service lines shall be efficiently earthed or insulated. 
2) Each stay-wire shall be similarly earthed unless insulator has been placed in it at a 
height not less than 3.0 m from the ground. 
91. Safety .and  protective devices 
1) Every overhead line (not being suspended from a dead bearer wire and not being 
covered with insulating material and not being a trolley-wire) erected over any part of 
street or other public place or in any factory or mine or on any consumer's premises 
shall be protected with a device approved by the inspector for rendering the line 
electrically harmless in case it breaks. 
3) The owner of every high and extra-high voltage overhead line shall make 
adequate arrangements to the satisfaction of the inspector to prevent unauthorised 
persons from ascending any of the supports of such overhead lines which can be easily 
climbed upon without the help of a ladder or special appliances. Rails, reinforced 
cement concrete poles and pre-stressed cement concrete poles without steps, tubular 
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poles, wooden supports without steps. I-sections and channels shall be deemed as 
supports which cannot be easily climbed upon for the purpose of this rule. 

92. Protection   against  lightning 
1) The owner of every overhead line which is so exposed as to be liable to injury 

from lightning shall adopt efficient means for diverting to earth and electrical 
surges due to lightning. 

2) The earthing lead for any lightning arrrester shall not pass through any iron or 
steel pipe, but shall be taken as directly as possible from the lightning-arrester to 
a separate earth electrode and/or junction of the earth mat already provided for 
the high and extra-high voltage sub-station subject to the avoidance of bends 
wherever practicable. 

Note : 
A vertical ground electrode shall be connected to this junction of the earth mat. 
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