
Unit-II Design of distributed networks 
Distribution substation 

➢ A distribution substation transfers power from the transmission system to the distribution 

system of an area. The input for a distribution substation is typically at least two 

transmission or sub transmission lines.  

➢ Distribution voltages are typically medium voltage, between 2.4 and 33 kV depending on 

the size of the area served and the practices of the local utility. Besides changing the 

voltage, the job of the distribution substation is to isolate faults in either the transmission 

or distribution systems.  

➢ Distribution substations may also be the points of voltage regulation, although on long 

distribution circuits (several km/miles), voltage regulation equipment may also be 

installed along the line.  

➢ Complicated distribution substations can be found in the downtown areas of large cities, 

with high-voltage switching, and switching and backup systems on the low-voltage side. 

Design 

The main considerations taking into account during the design process are:  

1. Reliability  

2. Cost (sufficient reliability without excessive cost) 

3. Expansion of the station, if required. 

Selection of the location of a substation must consider many factors: 

1. Sufficient land area  

2. Necessary clearances for electrical safety 

3. Access to maintain large apparatus such as transformers.  

4. The site must have room for expansion due to load growth or planned transmission  

                additions.  

5. Environmental effects such as drainage, noise and road traffic effects.  

6. Grounding must be taking into account to protect passers-by during a short circuit in 

                the transmission system 

           7. The substation site must be reasonably central to the distribution area to be served 

Elements of a substation 

 
A: Primary power lines' side                                     B: Secondary power lines' side 

1.Primary power lines          2.Ground wire                 3.Overhead lines 

4. Transformer for measurement of electric voltage     5.Disconnect switch         6.Circuit breaker  

7. Current transformer     8.Lightning arrester              9.Main transformer         10.Control 

building  

11. Security fence     12.Secondary power lines 



Substations generally have switching, protection and control equipment, and 

transformers. In a large substation, circuit breakers are used to interrupt any short circuits or 

overload currents that may occur on the network. Smaller distribution stations may use recloser 

circuit breakers or fuses for protection of distribution circuits. Substations themselves do not 

usually have generators, although a power plant may have a substation nearby. Other devices 

such as capacitors and voltage regulators may also be located at a substation. 

Substations may be on the surface in fenced enclosures, underground, or located in 

special-purpose buildings. High-rise buildings may have several indoor substations. Indoor 

substations are usually found in urban areas to reduce the noise from the transformers, for 

reasons of appearance, or to protect switchgear from extreme climate or pollution conditions. 

Where a substation has a metallic fence, it must be properly grounded to protect people 

from high voltages that may occur during a fault in the network. Earth faults at a substation can 

cause a ground potential rise. Currents flowing in the Earth's surface during a fault can cause 

metal objects to have a significantly different voltage than the ground under a person's feet; this 

touch potential presents a hazard of electrocution. The main issues facing a power engineer are 

reliability and cost. A good design attempts to strike a balance between these two, to achieve 

reliability without excessive cost. The design should also allow expansion of the station, when 

required.  

Design Diagrams 

The first step in planning a substation layout is the preparation of a one-line diagram, 

which shows in simplified form the switching and protection arrangement required, as well as 

the incoming supply lines and outgoing feeders or transmission lines. It is a usual practice by 

many electrical utilities to prepare one-line diagrams with principal elements (lines, switches, 

circuit breakers and transformers) arranged on the page similarly to the way the apparatus would 

be laid out in the actual station. 

In a common design, incoming lines have a disconnect switch and a circuit breaker. In 

some cases, the lines will not have both, with either a switch or a circuit breaker being all that is 

considered necessary. A disconnect switch is used to provide isolation, since it cannot interrupt 

load current. A circuit breaker is used as a protection device to interrupt fault currents 

automatically, and may be used to switch loads on and off, or to cut off a line when power is 

flowing in the 'wrong' direction. When a large fault current flows through the circuit breaker, this 

is detected through the use of current transformers. The magnitude of the current transformer 

outputs may be used to trip the circuit breaker resulting in a disconnection of the load supplied 

by the circuit break from the feeding point. This seeks to isolate the fault point from the rest of 

the system, and allow the rest of the system to continue operating with minimal impact. Both 

switches and circuit breakers may be operated locally (within the substation) or remotely from a 

supervisory control center. 

With Overhead Transmission Lines (OHTLs), the propagation of lightning and switching 

surges can cause insulation failures into substation equipment. Line entrance surge arrestors are 

used to protect substation equipment accordingly. Insulation Coordination studies are carried out 

extensively to ensure equipment failure (and associated outages) is minimal. 

Once past the switching components, the lines of a given voltage connect to one or more 

buses. These are sets of busbars, usually in multiples of three, since three-phase electrical power 

distribution is largely universal around the world. 

The arrangement of switches, circuit breakers and buses used affects the cost and 

reliability of the substation. For important substations a ring bus, double bus, or so-called 

"breaker and a half" setup can be used, so that the failure of any one circuit breaker does not 

interrupt power to other circuits, and so that parts of the substation may be de-energized for 

maintenance and repairs. Substations feeding only a single industrial load may have minimal 

switching provisions, especially for small installations. 

Once having established buses for the various voltage levels, transformers may be 

connected between the voltage levels. These will again have a circuit breaker, much like 

transmission lines, in case a transformer has a fault (commonly called a "short circuit"). 
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Along with this, a substation always has control circuitry needed to command the various circuit 

breakers to open in case of the failure of some component. 
Design Considerations in Distribution Feeders & Distributors 

Good voltage regulation of a distribution network is probably the most important factor 

responsible for delivering good service to the consumers. For this purpose, design of feeders and 

distributors requires careful consideration. 
Feeders 

A feeder is designed from the point of view of its current carrying capacity while the voltage 

drop consideration is relatively unimportant. It is because voltage drop in a feeder can be 

compensated by means of voltage regulating equipment at the substation. 
Distributors 

A distributor is designed from the point of view of the voltage drop in it. It is because a 

distributor supplies power to the consumers and there is a statutory limit of voltage variations at 

the consumer’s terminals (± 6% of rated value). The size and length of the distributor should be 

such that voltage at the consumer’s terminals is within the permissible limits. 

Primary feeders or Primary distribution feeders 
The primary distribution system is that part of the electric distribution system between the 

distribution substation and distribution transformers. It is made up of circuits called primary 

feeders or distribution feeders. These feeders include the primary feeder main or main feeder, 

usually a three-phase, four-wire circuit, and branches or laterals, which can be either three-phase 

or single-phase circuits. 

These are tapped from the primary feeder main, as shown in the simplified distribution feeder 

diagram of Figure. A typical power distribution feeder provides power for both primary and 

secondary circuits. 

 
Figure – Simplified diagram of a power distribution feeder 

In primary system circuits, three-phase, four-wire, multigrounded common-neutral systems, such 

as 12.47Y/7.2 kV, 24.9Y/14.4 kV, and 34.5Y/19.92 kV, are used almost exclusively. The fourth 

wire of these Y-connected systems is the neutral, grounded at many locations for both primary 

and secondary circuits. 

Single-phase loads are served by distribution transformers with primary windings that are 

connected between a phase conductor and the neutral. 

Three-phase loads can be supplied by three-phase distribution transformers or by single-phase 

transformers connected to form a three-phase bank. Primary systems typically operate in the 

15kV range, but higher voltages are gaining acceptance. 



The primary feeder main is usually sectionalized by reclosing devices positioned at various 

locations along the feeder. This arrangement minimizes the extent of primary circuitry that is 

taken out of service if a fault occurs. Thus the reclosing of these devices confines the outage to 

the smallest number of customers possible. This can be achieved by coordinating all the fuses 

and reclosers on the primary feeder main. 

From the Figure, distribution substation voltage is 12.47 kV line-to-line and 7.2 kV line-to-

neutral (this is conventionally written as 12,470Y/7200 V). However, the trend is toward higher 

primary four-wire distribution voltages in the 25kV to 35kV range. Single-phase feeders such as 

those serving residential areas are connected line-to-neutral on the four-wire systems. 

The use of underground primary feeders that are radial three-conductor cables is increasing. 

They are serving urban areas where load demand is heavy, particularly during the hot summer 

months, and newer suburban residential developments. Both cost factors and the importance of 

reliability to the customers being served influence the design of primary systems. 

There are various factors affecting selection of primary feeder rating; 

➢ The nature of the load connected 

➢ The load density 

➢ The growth rate of the load 

➢ Cost 

➢ Capacity of substation 

➢ Regulating equipment 

➢ Continuously  power factor the service 

Primary feeders are mainly two types. They are  

❖ Radial type primary feeder 

❖ Loop type primary feeder 

Radial type primary feeder 
The simplest, lowest cost and the most common form of primary feeder is the redial type. The 

main primary feeder branches into various laterals which in turn separated into several sub-

lateral to cover all distribution transformers. In general the main feeder is three phase, four wire 

system and the sub-lateral is single/ or three phase circuit. The current magnitude is the greatest 

in the feeder conductors leave the substation and continuously lessens out at the end of the feeder 

as the laterals and sub-laterals are tapped off the feeder. As the current lessen the size of the 

conductor is also lessen. The reliability of the service continuity of the redial system is the 

lowest. Any fault at any location on the main feeder cause a power outage for every consumer on 

the feeder unless the fault can be isolated from the source by a disconnecting devices such as 

fuse, sectionalizer, disconnecting switch or recloser 

 



Below figure shows a modified redial type primary feeder with tie and sectionalizing switches to 

provide fast restoration of the service to customers by switching unfaulted section of the feeder. 

The fault can be isolated by opening the associated disconnection device s on each side of the 

faulted section. 

 
Below figure shows another type of the modified primary feeder with express feeder and 

backfeed. The section between the substation low voltage bus and the load center of the service 

area is called an express feeder. No sub feeders or laterals are allowed to tap off the express 

feeder. However a sub feeder is allowed to provide a backfeed toward the substation from the 

load center. 

 



 
Loop-type primary feeder 

 
Figure represent a loop type primary feeder which loop through the feeder load area and return 

beck to the bus. Sometime the loop tie disconnect switch is replaced by a loop tie breaker 

according to loads conditions. The size of the feeder conductor is kept the same throughout the 

loop, it is selected to carry its rated load plus the load of the other half of the loop. This 

arrangement provides two parallel paths from the substation to the load when the loop is 

operated with normally open tie breaker. The loop type feeder is preferred to provide service for 

loads where high reliability service is required. In general two separated tie breaker is on each 

end of the loop is preferred although the cost involved. 

 



Primary Network 

 
 

Primary feeder voltage levels 

 

 

 



 

 

 

 

 



 

 



 

Primary feeder loading 

 

   

 
Location of substations  
Selection of the location of a substation must consider many factors: 

1. Sufficient land area  

2. Necessary clearances for electrical safety 



3. Access to maintain large apparatus such as transformers.  

4. The site must have room for expansion due to load growth or planned transmission  

                additions.  

5. Environmental effects such as drainage, noise and road traffic effects.  

6. Grounding must be taking into account to protect passers-by during a short circuit in 

                the transmission system 

           7. The substation site must be reasonably central to the distribution area to be served 

Rating of distribution Substations 

 

 
 



 

 



 

 



 

 

 



Service area with ‘n’ primary feeders 

 

 

 



 

 
Benefits of optimal location of substations 

1. Reduce line losses – A close coordination between the substation equipment, distribution 

feeders and associated equipment is necessary to increase system reliability 

2. Deferred capital expenses - Capital expenses will decreases 

3. Energy cost reduction 

4. Economic benefits 

5. Coordination – Number of substations connected. If one substations fails, another 

substations provides supply 

6. Over load reduction 

7. Reliability increases because of continuity of supply 

8. Effectiveness 

9. Efficiency – Losses will decreases so efficiency will increases 




