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Course Objectives: Students will develop the ability

To model and represent the power system components, understand and calculate the

transmission line parameter, evaluate its performance, understand the method of load

flow analysis and the concept of voltage stability.

Course Outcomes:

After Completing the Course, Students Will Be Able to –

CO1. Understand the basic structure of power system , smart grid and microgrid.

CO2. Model and represent the power system components in its per unit value.

CO3. Learn the parameters of transmission lines and cables.

CO4. Evaluate the performance of transmission lines.

CO5. Acquaint with the method of load flow analysis and the concept of voltage

stability.



Syllabus:

UNIT- I: Evolution of Structure of Power Systems

Structure of power systems, brief exposure to generation, transmission and distribution

aspects, Present-Day Scenario, Introduction to Smart Grids and Micro-grids, their

components, Standardization of transmission voltages, Overhead and Underground

transmission system, EHVAC verses HVDC transmission, HVDC Components,

distribution connection scheme (radial, ring main and interconnected), Feeders and

distributors, Substation and its equipments.

UNIT- II: Per Unit Representation

Representation of power system elements, models and parameters of generator,

transformer and transmission lines and load, voltage and frequency dependence of

loads, single line impedance diagram, advantages of per unit representation.



UNIT-III: Overhead Transmission Lines and Cables

Components of overhead lines, choice of conductors, Skin effect, Proximity effect,

Corona, Transposition of conductors, Bundled conductor, Types of insulators , string

efficiency, Method to improve string efficiency, Derivation for Inductance of a single

phase line, concept of self GMD and mutual GMD, Derivation for Capacitance of a

single phase line, Insulated Cables, Dielectric stress in single core cables, Grading of

cables, XLPE cables.

UNIT-IV: Performance of Transmission line

Classification of transmission line (short, medium (nominal T and nominal Π) and

long), Characteristics (voltage regulation and efficiency) of transmission lines,

determination of generalized (A,B,C,D) constants for transmission line, Ferranti effect,

Surge Impedance Loading, Series and Shunt Compensation of transmission lines (using

capacitors only) .



UNIT-V: Load Flow Studies

Introduction to load flow studies, Classification of buses , Formation of bus admittance

matrix, Static load flow equations, Gauss Seidel and Newton-Raphson method for

solution (Numerical is not expected), Introduction of frequency and voltage as system

state indicators, Concept of Voltage Stability, P-V and V-Q curves, Methods to improve

voltage stability.

Text Book

1. I. J. Nagrath, D. P. Kothari, Power System Engineering, Tata McGraw-Hill 

publications, 2008

2. Ashfaq Husain, Electrical Power System, CBS Publication, 5th Edition

3. C. L. Wadhwa, Electrical Power Systems, New Age International Publiser, 6th Edition

4. V. K. Mehta and Rohit Mehta, Principles of Power System, S. Chand Publication,   

2008



Typical A.C. power supply Scheme:



(i) Generating station : In Fig G.S. represents the generating station where electric

power is produced by 3-phase alternators operating in parallel. The usual generation

voltage is 11 kV. For economy in the transmission of electric power, the generation

voltage (i.e., 11 kV) is stepped upto 132 kV (or more) at the generating station with the

help of 3-phase transformers.

The transmission of electric power at high voltages has several advantages

including the saving of conductor material and high transmission efficiency. It may

appear advisable to use the highest possible voltage for transmission of electric power to

save conductor material and have other advantages. But there is a limit to which this

voltage can be increased. It is because increase in transmission voltage introduces

insulation problems as well as the cost of switchgear and transformer equipment is

increased. Therefore, the choice of proper transmission voltage is essentially a question

of economics. Generally the primary transmission is carried at 66 kV, 132 kV, 220 kV or

400 kV.



(ii) Primary transmission. The electric power at 132 kV is transmitted by 3-phase, 3-

wire overhead system to the outskirts of the city. This forms the primary transmission.

(iii) Secondary transmission. The primary transmission line terminates at the receiving

station (RS) which usually lies at the outskirts of the city. At the receiving station, the

voltage is reduced to 33kV by step-down transformers. From this station, electric power

is transmitted at 33kV by 3-phase, 3-wire overhead system to various sub-stations (SS)

located at the strategic points in the city. This forms the secondary transmission.

(iv) Primary distribution. The secondary transmission line terminates at the sub-station

(SS) where voltage is reduced from 33 kV to 11kV, 3-phase, 3-wire. The 11 kV lines run

along the important road sides of the city. This forms the primary distribution. It may be

noted that big consumers (having demand more than 50 kW) are generally supplied

power at 11 kV for further handling with their own sub-stations.



(v) Secondary distribution. The electric power from primary distribution line (11 kV)

is delivered to distribution sub-stations (DS). These sub-stations are located near the

consumers’ localities and step down the voltage to 400 V, 3-phase, 4-wire for

secondary distribution. The voltage between any two phases is 400 V and between any

phase and neutral is 230 V. The single-phase residential lighting load is connected

between any one phase and neutral, whereas 3-phase, 400 V motor load is connected

across 3-phase lines directly.



Sub station: 

The substation may be defined as an assembly of apparatus which transforms the

characteristics of electrical energy from one form to another. For example, from alternating

current to direct current and from one voltage to another. The following characteristics of an

electric supply often require changes.

1) Voltage

2) frequency

3) waveform

4) number of phases

5) AC to DC and vice versa.



The following are the important points which must be kept in view while laying out a sub-

station :

(i) It should be located at a proper site. As far as possible, it should be located at the

centre of gravity of load.

(ii) It should provide safe and reliable arrangement. For safety, consideration must be

given to the maintenance of regulation clearances, facilities for carrying out repairs

and maintenance, abnormal occurrences such as possibility of explosion or fire etc.

For reliability, consideration must be given for good design and construction, the

provision of suitable protective gear etc.

(iii) It should be easily operated and maintained.

(iv) It should involve minimum capital cost.



Classification of Sub-Stations:

There are several ways of classifying sub-stations. However, the two most important 

ways of classifying them are according to:-

(1) service requirement and 

(2) constructional features.

level or improve power factor or convert a.c. power into d.c. power etc. According to the

service requirement, sub-stations may be classified into :

(i) Transformer sub-stations. Those sub-stations which change the voltage level of electric

supply are called transformer sub-stations. These sub-stations receive power at some

voltage and deliver it at some other voltage. Obviously, transformer will be the main

component in such substations. Most of the sub-stations in the power system are of this

type.

(ii) Switching sub-stations. These sub-stations do not change the voltage level i.e.

incoming and outgoing lines have the same voltage. However, they simply perform the

switching operations of power lines.

(iii) Power factor correction sub-stations. Those sub-stations which improve the power

factor of the system are called power factor correction sub-stations. Such sub-stations are

generally located at the receiving end of transmission lines. These sub-stations generally

use synchronous condensers as the power factor improvement equipment.



(iv) Frequency changer sub-stations. Those sub-stations which change the supply

frequency are known as frequency changer sub-stations. Such a frequency change may

be required for industrial utilization.

(v) Converting sub-stations. Those sub-stations which change a.c. power into d.c. power

are called converting sub-stations. These sub-stations receive a.c. power and convert it

into d.c. power with suitable apparatus (e.g. ignitron) to supply for such purposes as

traction, electroplating, electric welding etc.

(vi) Industrial sub-stations. Those sub-stations which supply power to individual

industrial concerns are known as industrial sub-stations.

2. According to constructional features. A sub-station has many components (e.g. circuit

breakers, switches, fuses, instruments etc.) which must be housed properly to ensure

continuous and reliable service. According to constructional features, the sub-stations are

classified as :

(i) Indoor sub-station (ii) Outdoor sub-station

(iii) Underground sub-station (iv) Pole-mounted sub-station



(i) Indoor sub-stations. For voltages upto 11 kV, the equipment of the sub-station is

installed indoor because of economic considerations. However, when the atmosphere is

contaminated with impurities, these sub-stations can be erected for voltages up to 66 kV.

(ii) Outdoor sub-stations. For voltages beyond 66 kV, equipment is invariably installed

outdoor. It is because for such voltages, the clearances between conductors and the space

required for switches, circuit breakers and other equipment becomes so great that it is not

economical to install the equipment indoor.

(iii) Underground sub-stations. In thickly populated areas, the space available for

equipment and building is limited and the cost of land is high. Under such situations, the

sub-station is created underground.

(iv) Pole-mounted sub-stations. This is an outdoor sub-station with equipment installed

overhead on H-pole or 4-pole structure. It is the cheapest form of sub-station for voltages

not exceeding 11kV (or 33 kV in some cases). Electric power is almost distributed in

localities through such substations.



Comparison between Outdoor and Indoor Sub-Stations:

S.No. Particular Outdoor Sub-station Indoor Sub-station

1 Space required More Less

2 Time required for erection Less More

3 Future extension Easy Difficult

4 Fault location the Easier  because the
equipment is in full 
view 

Difficult because 
equipment is enclosed

5 Capital cost Low High

6 Operation Difficult Easier

7 Possibility of fault 
escalation

Less because greater
clearances can be 

provided

More



Transformer Sub-Stations:

The majority of the sub-stations in the power system are concerned with the changing of

voltage level of electric supply. These are known as transformer sub-stations because

transformer is the main component employed to change the voltage level. Depending upon

the purpose served, transformer sub-stations may be classified into :

(i) Step-up sub-station (ii) Primary grid sub-station

(iii) Secondary sub-station (iv) Distribution sub-station

Fig. shows the block diagram of a typical electric supply system indicating the

position of above types of sub-stations. It may be noted that it is not necessary that all

electric supply schemes include all the stages shown in the figure. For example, in a

certain supply scheme there may not be secondary sub-stations and in another case, the

scheme may be so small that there are only distribution

sub-stations.





(i) Step-up sub-station. The generation voltage (11 kV in this case) is stepped up to high

voltage (220 kV) to affect economy in transmission of electric power. The sub-stations

which accomplish this job are called step-up sub-stations. These are generally located in

the power houses and are of outdoor type.

(ii) Primary grid sub-station. From the step-up sub-station, electric power at 220 kV is

transmitted by 3-phase, 3-wire overhead system to the outskirts of the city. Here, electric

power is received by the primary grid sub-station which reduces the voltage level to 66

kV for secondary transmission.

The primary grid sub-station is generally of outdoor type.

(iii) Secondary sub-station. From the primary grid sub-station, electric power is

transmitted at 66 kV by 3-phase, 3-wire system to various secondary sub-stations located

at the strategic points in the city. At a secondary sub-station, the voltage is further stepped

down to 11 kV. The 11 kV lines run along the important road sides of the city. It may be

noted that big consumers (having demand more than 50 kW) are generally supplied

power at 11 kV for further handling with their own sub-stations. The secondary sub-

stations are also generally of outdoor type.



(iv) Distribution sub-station. The electric power from 11 kV lines is delivered to

distribution sub-stations. These sub-stations are located near the consumers localities and

step down the voltage to 400 V, 3-phase, 4-wire for supplying to the consumers. The

voltage between any two phases is 400V and between any phase and neutral it is 230 V.

The single phase residential lighting load is connected between any one phase and neutral

whereas 3-phase, 400V motor load is connected across 3-phase lines directly. It may be

worthwhile to mention here that majority of the distribution substations

are of pole-mounted type.



It is a distribution sub-station placed overhead on a pole. It is the cheapest form

of sub-station as it does not involve any building work. Fig (i) shows the layout of pole-

mounted sub-station whereas Fig. (ii) shows the schematic connections. The transformer

and other equipment are mounted on H-type pole (or 4-pole structure).

The 11 kV line is connected to the transformer (11kV / 400 V) through gang

isolator and fuses. The lightning arresters are installed on the H.T. side to protect the sub-

station from lightning strokes. The transformer steps down the voltage to 400V, 3-phase,

4-wire supply. The voltage between any two lines is 400V whereas the voltage between

any line and neutral is 230 V. The oil circuit breaker (O.C.B.) installed on the L.T. side

automatically isolates the transformer from the consumers in the event of any fault. The

pole-mounted

Pole-Mounted Sub-Station:





Underground Sub-Station:

In thickly populated cities, there is scarcity of land as well as the prices of land

are very high. This has led to the development of underground sub-station. In such sub-

stations, the equipment is placed underground. Fig. shows a typical underground sub-

station.



The design of underground sub-station requires more careful consideration than

other types of sub-stations. While laying out an underground sub-station, the following

points must be kept in view:

(i) The size of the station should be as minimum as possible.

(ii) There should be reasonable access for both equipment and personnel.

(iii) There should be provision for emergency lighting and protection against fire.

(iv) There should be good ventilation.

(v) There should be provision for remote indication of excessive rise in temperature so

that H.V. supply can be disconnected.

(vi) The transformers, switches and fuses should be air cooled to avoid bringing oil into

the premises.



Symbols for Equipment in Sub-Stations:





Equipment for substations and switchgear installation:

The main equipment required for substations and switchgear installations is given below

Main bus-bars

 Station insulators 

Switchgear: switch, CB, isolator, Earthing switch.

 Power transformer

Fuses

Instrument transformers(CTs and PTs)

Indicating and metering instruments

 Lightning arresters

 Batteries

Carrier current equipment

Control cables 

Substation earthing

Method of earthing



Equipment for substations and switchgear installation:

Main bus-bars: bus-bar (or bus in short) term is used for a main bar or conductor carring an

electric current to which many connections may be made.

Bus-bars are merely convenient means of connecting switches and other equipment into

various arrangements. The usual arrangement of connections in most of the substations

permits working on almost any piece of equipment without interruption to incoming or

outgoing feeders.

In some arrangements two buses are provided to which the incoming or outgoing feeders

and the principal equipment may be connected. One bus is usually called the main bus and

the other auxiliary or transfer bus.

The main bus may have a more elaborate system of measuring instruments, relays etc.

associated with it.

The switches used for connecting feeders or equipment to one bus or the other are called

selector or transfer switches.

Bus-bars may be of copper, aluminium or steel.



Three-phase systems– red, yellow and blue to indicate different phases.

In dc system– positive bus-bars-coloured; negative bus-bars---blue.

Coating busbars with paint improves their rates of cooling to some extent and therefore

permits them to carry a larger load current.

By coating steel bus bars with paints we protect them from corrosion. The use of different

colours is important because it helps the operating personnel to distinguish between the

different phases of the installation at a glance.

Station insulators: Station insulators are used in generating station and substations to fix

and insulate the bus-bar system.

They may be subdivided into post and bushing (through) type. A post insulator consists of

porcelain body, cast iron cap and flanged cast iron base.

 For current rating above 2000 A , the bushing are designed to allow the main bus-bars to be

passed directly through them.



Switchgear: the apparatus used for switching, controlling and protecting the electrical

circuits and equipment is known as switchgear.

The switchgear equipment is essentially concerned with switching and interrupting

currents either under normal or abnormal operating conditions. switchgear is a very

essential part of a distribution system.

There are two main types of switchgear, the switch and the circuit breaker.

The latter is used mainly for interrupting the current when it exceeds the normal capacity

of the system. Circuit breakers may also be used for making and breaking circuits under

normal conditions.

Switches, on the other hands, are used either for breaking a circuit when current is within

the normal capacity or for breaking a circuit carrying no current, where used for the latter

purpose, switches are called isolators.

 two forms of switchgear are used now a days, air-break switches and oil-break switches.

air-break switches—whose contacts are opened in air.

oil-break switches– whose contacts are opened under oil—employed in very high voltage

heavy current circuits.



Isolators(or disconnect switches):Isolators are employed only for isolating circuit when the

current has already been interrupted, they are simple pieces of equipment.

They ensure that the current is not switched into the circuit until everything is in order. It

operate under no load condition.

They do not have any specified current breaking capacity or current making capacity.

The isolators in some cases are used for breaking charging current of transmission line.

It is employed in addition to circuit breakers and are provided on each side of every circuit

breaker to provide isolation.

Earthing switch: it is connected between the line conductor and earth.

Normally it is open and it is closed to discharge the voltage trapped on the isolated or

disconnected line.

 When the line is disconnected from the supply end, there is some voltage on the line to

which the capacitance between the line and earth is charged.

This voltage is significant in hv system. Before commencement of maintenance work it is

necessary that these voltages are discharge to earth by closing the earthing switch.

Normally, the earthing switch are mounted on the frame of the isolator.



Sequence of operation during opening/closing of a circuit

While opening: open circuit breakers, open isolator and then close earthing switch, if any.

While closing: open earthing switch, close isolator and then close circuit breaker.



Comparison of D.C. and A.C. Transmission:

The electric power can be transmitted either by means of d.c. or a.c. Each

system has its own merits and demerits. It is, therefore, desirable to discuss the technical

advantages and disadvantages of the two systems for transmission of electric power.

1. D.C. transmission. For some years past, the transmission of electric power by d.c. has

been receiving the active consideration of engineers due to its numerous advantages.

Advantages. The high voltage d.c. transmission has the following advantages over high

voltage a.c. transmission :

Advantages:

(i) It requires only two conductors as compared to three for a.c. transmission.

(ii) There is no inductance, capacitance, phase displacement and surge problems in d.c.

transmission.

(iii) Due to the absence of inductance, the voltage drop in a d.c. transmission line is less

than the a.c. line for the same load and sending end voltage. For this reason, a d.c.

transmission line has better voltage regulation.



(iv) There is no skin effect in a d.c. system. Therefore, entire cross-section of the line

conductor is utilized.

(v) For the same working voltage, the potential stress on the insulation is less in case of

d.c. system than that in a.c. system. Therefore, a d.c. line requires less insulation.

(vi) A d.c. line has less corona loss and reduced interference with communication

circuits.

(vii) The high voltage d.c. transmission is free from the dielectric losses, particularly in

the case of cables.

(viii) In d.c. transmission, there are no stability problems and synchronizing difficulties.

Disadvantages

(i) Electric power cannot be generated at high d.c. voltage due to commutation problems.

(ii) The d.c. voltage cannot be stepped up for transmission of power at high voltages.

(iii) The d.c. switches and circuit breakers have their own limitations.



2. A.C. transmission. Now-a-days, electrical energy is almost exclusively generated,

transmitted and distributed in the form of a.c.

Advantages:

(i) The power can be generated at high voltages.

(ii) The maintenance of a.c. sub-stations is easy and cheaper.

(iii) The a.c. voltage can be stepped up or stepped down by transformers with ease and

efficiency. This permits to transmit power at high voltages and distribute it at safe

potentials.

Disadvantages:

(i) An a.c. line requires more copper than a d.c. line.

(ii) The construction of a.c. transmission line is more complicated than a d.c.

transmission line.

(iii) Due to skin effect in the a.c. system, the effective resistance of the line is increased.

(iv) An a.c. line has capacitance. Therefore, there is a continuous loss of power due to

charging current even when the line is open.



Overhead Versus Underground System:
The distribution system can be overhead or underground. Overhead lines are

generally mounted on wooden, concrete or steel poles which are arranged to carry

distribution transformers in addition to the conductors. The underground system uses

conduits, cables and manholes under the surface of streets and sidewalks. The choice

between overhead and underground system depends upon a number of widely differing

factors. Therefore, it is desirable to make a comparison between the two.

(i) Public safety. The underground system is more safe than overhead system because all

distribution wiring is placed underground and there are little chances of any hazard.

(ii) Initial cost. The underground system is more expensive due to the high cost of

trenching, conduits, cables, manholes and other special equipment. The initial cost of an

underground system may be five to ten times than that of an overhead system.

(iii) Flexibility. The overhead system is much more flexible than the underground system.

In the latter case, manholes, duct lines etc., are permanently placed once installed and the

load expansion can only be met by laying new lines. However, on an overhead system,

poles, wires, transformers etc., can be easily shifted to meet the changes in load conditions.



(iv) Faults. The chances of faults in underground system are very rare as the cables are

laid underground and are generally provided with better insulation.

(v) Appearance. The general appearance of an underground system is better as all the

distribution lines are invisible. This factor is exerting considerable public pressure on

electric supply companies to switch over to underground system.

(vi) Fault location and repairs. In general, there are little chances of faults in an

underground system. However, if a fault does occur, it is difficult to locate and repair on

this system. On an overhead system, the conductors are visible and easily accessible so

that fault locations and repairs can be easily made.

(vii) Current carrying capacity and voltage drop. An overhead distribution conductor

has a considerably higher current carrying capacity than an underground cable

conductor of the same material and cross-section. On the other hand, underground cable

conductor has much lower inductive reactance than that of an overhead conductor

because of closer spacing of

conductors.



(viii) Useful life. The useful life of underground system is much longer than that of an

overhead system. An overhead system may have a useful life of 25 years, whereas an

underground system may have a useful life of more than 50 years.

(ix) Maintenance cost. The maintenance cost of underground system is very low as

compared with that of overhead system because of less chances of faults and service

interruptions from wind, ice, lightning as well as from traffic hazards.

(x) Interference with communication circuits. An overhead system causes electromagnetic

interference with the telephone lines. The power line currents are superimposed on speech

currents, resulting in the potential of the communication channel being raised to an

undesirable level. However, there is no such interference with the underground system.





Types of Loads
A device which taps electrical energy from the electric power system is called a load on

the system. The load may be resistive (e.g., electric lamp), inductive (e.g., induction

motor), capacitive or some combination of them. The various types of loads on the power

system are :

(i) Domestic load. Domestic load consists of lights, fans, refrigerators, heaters,

television, small motors for pumping water etc. Most of the residential load occurs

only for some hours during the day (i.e., 24 hours) e.g., lighting load occurs during

night time and domestic appliance load occurs for only a few hours. For this reason,

the load factor is low (10% to 12%).

(ii) Commercial load. Commercial load consists of lighting for shops, fans and electric

appliances used in restaurants etc. This class of load occurs for more hours during the day

as compared to the domestic load. The commercial load has seasonal variations due to the

extensive use of air conditioners and space heaters.

(iii) Industrial load. Industrial load consists of load demand by industries. The magnitude

of industrial load depends upon the type of industry. Thus small scale industry requires

load upto 25 kW, medium scale industry between 25kW and 100 kW and large-scale

industry requires load above 500 kW. Industrial loads are generally not weather

dependent.



(iv) Municipal load. Municipal load consists of street lighting, power required for water

supply and drainage purposes. Street lighting load is practically constant throughout the

hours of the night. For water supply, water is pumped to overhead tanks by pumps driven

by electric motors. Pumping is carried out during the off-peak period, usually occurring

during the night. This helps to improve the load factor of the power system.

(v) Irrigation load. This type of load is the electric power needed for pumps driven by

motors to supply water to fields. Generally this type of load is supplied for 12 hours

during night.

(vi) Traction load. This type of load includes tram cars, trolley buses, railways etc. This

class of load has wide variation. During the morning hour, it reaches peak value because

people have to go to their work place. After morning hours, the load starts decreasing

and again rises during evening since the people start coming to their homes.


