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Chapter-o1

Power Generation




RESOURCES OF ENERGY

Resources of energy can be categorized into two category

1.  Renewable energy sources
2. Non renewable energy sources.

Renewable energy

Renewable energy is derived from natural processes that
are replenished constantly such as solar, wind, ocean,
hydropower, biomass, geothermal , biofuels ,tidal,
hydrogen etc.




Non Renewable Energy

Coal, Oil and Natural gas are the non-renewable
sources of energy.

They are also called fossil fuels as they are products of
plants that lived thousands of years ago.

Fossil fuels are the predominantly used energy

sources today.

India is the thlrd largest producer of coal in the world, with
estimated reserves of around 315,148.81 mllhon tones of
Geological Resources of Coal(3 as of1.4.2017

Coal supplies more than 58% of the country s total primary
energy requirements.

India consumes about 210 MT of crude oil annually, and
more than 70% of it is imported. Burning fossil fuels cause
great amount of environmental pollution




Difference between conventional & non-conventional sources

_________________________________________________ @

Non-Conventional

Conventional sources

sources

Conventional sources of energy (e.g.
coal, petroleum and natural gas) are
non-renewable sources of energy.

They have been in use since a long
time. For example, firewood and coal
have been in use since a long time.

Most of these energy sources (e.g.
coal and firewood) cause pollution
when used.

They are common and widely used
sources (e.g. thermal power).

Non-conventional sources of energy
(e.g. solar and wind energy) are
renewable sources of energy.

These sources have  recently
developed and are still developing.
For example, the technology of
producing electricity from solar
panels has recently developed.

They do not cause any pollution (e.g.
solar energy, geothermal energy etc.)

They are comparatively new sources
of energy and hence are not widely
used. For example, solar panels and
wind mills are not widely used.




Sources of Energy

The heat energy of sun is converted into electrical
energy by solar panels

> Wind
wind energy is utilized by windmills and converted into
electrical energy.

>(Qcean Tides

There is a tremendous energy in ocean tides and
waves which is used to generate electrical energy.




> Water

Electrical energy can be generated by driving water
turbines or water wheels, coupled to generators.

> Fuels

The heat energy of these fuels is converted into
mechanical energies by using steam engines or turbines and
further converted into electrical energy.

> Nuclear energy

The heat energy is liberated from fission of Uranium
and other fissionable materials is further converted into
mechanical than to electrical energy.




Power Plants

® A power station, also referred to as a power plant or
powerhouse and sometimes  generating station or
generating plant, is an  industrial facility for the
generation of electric power.

® Most power stations has one or more generators (a
rotating machine that converts mechanical power into
electrical power) of required specifications.




Different Types of Power Plants

® Thermal power Plant

e Hydroelectric power plant
® Diesel power plant

e Gas power plant

® Nuclear power plant




Thermal Power Plant

® A thermal power station is a power station in which heat
energy of coal is converted to electric power by rotating
generator coupled with steam turbine.

©In this plant water is heated, turns into steam and spins a
steam turbine which drives an electrical generator coupled
with the shaft of turbine.
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Working of Thermal Power Plant

Working of thermal power plant may be divided into
four main cycle.

1. Fuel and ash circuit

o. Air and fuel gas circuit
3. Steam circuit.
4. Cooling and feed water circuit.




1. Fuel and Ash circuit:

automatic unloading is carried out by the help of tipplers ,ther
coal is conveyed to the coal handling plant where it is crushed ir

is feed into the furnace of boiler and complete combustion o

Fuel (coal) is delivered to the plant by the help of rail and

to powder form by the help of pulverization mills. After this coal

coal take place under controlled process. The ash resulting after
coal combustion collects at the back of boiler and is removed tc
ash storage by means of scrap conveyers.
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2. Air and flue gases circuit:

Air is taken from the atmosphere by forced draught fan
through the air pre-heater, in which it is heated by the heat
of the fuel-gases passing to chimney. the gases after passing
through the economizer, super heater, air pre-heater
precipitators is finally exhausted through chimney by the
help of ID fan.

3. Feed water and Steam circuit:

The steam coming out from the turbine is condensed by the
help of condenser is extracted by the pumps and forced to
low pressure heater. Then this water is passed through the
economizer where it is heated up by the heat of flue gases
and finally supplied to the boiler .




4. Cooling water circuit:

Water taken from a river or natural lake/pond is used to
condensation of steam in condenser. During the passage its
temp rises and heat is again extracted in cooling tower. The
circulation of cooling water to the condenser help in
maintaining a low pressure in the condenser.




Selection of Site for Thermal Power Plant

® Availability of coal:

A thermal plant of 400MW, capacity requires nearly 6000
tons of coal every day. Power plant should be located near
coal mines so as to reduce the cost of coal transport.

® Ash Disposal Facilities:

Ash comes out in hot condition and handling is difficult.
The ash can be disposed into sea or river.




®Water Availability :

> Water consumption is more as feed water into
boiler, condenser and for ash disposal.

> Water is required for drinking purpose.

> Hence plant should be located near water resource like
lake, river etc.

® Transport Facility :

> Transport facility should be there for the transport
man/material and machinery.




- Public Problems:

The plant should be far away from residential area to avoid
nuisance from smoke, fly ash and noise.

- Nature of Land :

> Many power plants have failed due to weak
foundations.

> Land (soil) should have good bearing capacity to
withstand dead load of plant.




® Thermal Pollution:

> Thermal plants produce 40 million k] of heat to the
environment through condenser water and exhaust gases.

> Thermal pollution of atmosphere can be reduced using
the low grade energy exhausted steam.

®Noise Pollution:

»>The sources of noise in a power plant are turbo
alternators, fans and power transformers.

» Sound proofing can be done to reduce the noise.




Advantages and Disadvantages

Advantages Disadvantages

® Less initial cost as compared ® It pollutes the atmosphere

to other generating stations. due to the production of

oIt requires less land as large amount of smoke.
compared to hydro power  Thisis one of the causes of
plant. ~ global warming.

® The fuel (i.e. coal) is cheaper. ® The overall efficiency of a

e The cost of generation is thermal power station is
. : o
lesser than that of diesel low (less than 30%).

power plants.




Hydroelectric Power Plant

e Hydroelectric power plants derive energy from the force of
moving water and harness this energy for useful purposes.

® In modern technology, hydropower moves turbines that
pass on their energy to a generator which then produces

electric power.
e Hydropower is a type of renewable energy, and once the
power plant is constructed it produces little to no waste.




Hydroelectric Power Plant
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COMPONENTS OF HYDRO ELECTRIC
POWER PLANT:

Reservoir :
Water is collected during and stored in the reservoir in rainy

S€aso1l.

Dam:
> A barrier constructed to hold back water and raise its level,
forming a reservoir used to generate electricity or as a water

supply.
»A dam is built across the river with an adequate water head.




®Penstock :

It is a passage through which water flows from reservoir to
turbine penstock may be natural tunnel or steal pipe of
heavy duty.

®Surge Tank :

elt is installed along the penstock (between turbine and
reservoir)

® To control or regulate the sudden water over flow and to
protect the penstock from bursting.

O [t reduces the pressure and avoids damage to the
penstock due to the water hammer effect.




®Water Turbine:

Water turbines such as Pelton, Kaplan and Francis are
used to convert pressure and kinetic energy of flowing

water into mechanical energy . Turbine selection depends
on the water head available.

® Draft Tube:

It is connected to the outlet of the turbine.

® Tailrace:

[t refers to the downstream level of water discharged
from turbine.




® Generator :

[t is a machine used to convert mechanical energy into
electrical energy. Generally salient pole generators are
used in hydro power plant.

o Step up Transformer:

It is used to step up the voltage level of generated
voltage suitable for transmission of electric power.




Advantages and Disadvantages

Advantages Disadvantages

1. The running cost is less. 1. Itrequires a high

It is very neat and clean. capital cost .

2. It depends on rain or
catchment area .

3. It requires high cost of
transmission line.

2
5. It has longer life.
4

It is a quick starting
plant.

5. It helps in irrigation
purpose and also
controls floods.




Site selection for hydroelectric power plant

1. Sufficient quantity of water at a certain height.
o. Transportation facilities.

5. Possibility of stream diversion during construction
period.

4. Possibility of constructing a dam to store the water at
least possible cost.

5. The land should be cheap in cost, rocky and should have
sufficient strength to bear the heavy structure load.




Nuclear Power plant

® A nuclear power plant is a thermal power station in which
the heat source is a nuclear reactor. As is typical of
thermal power stations, heat is used to generate steam that
drives a steam turbine connected to a generator that
produces electricity.

® Nuclear power plants use heat produced
during nuclear fission to heat water. In nuclear fission,
atoms are split apart to form smaller atoms,
releasing energy.

e Fission takes place inside the reactor of a nuclear power
plant. At the center of the reactor is the core, which
contains uranium fuel.
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® Nuclear power plants generate electricity in a ve
similar way to other traditional power plants, differing in
the type of fuel used. All electricity generation plants
produce heat that turns water into steam, which drives a
turbine connected to a generator and subsequently
produces electricity.

e Uranium, a naturally radioactive element abundantly
found in most rocks, is used as fuel to power nuclear
reactors.

e In a nuclear reactor, uranium atoms are split into smaller
arts by changing their molecular structure using the
ission process. T%le energy released during this split
creates heat to produce steam, which is used by a turbine
generator to generate electricity.




® The nuclear fission process is an extremely efficient
way to produce power — one uranium pellet, the size
of a fingertip, produces the same amount of energy
as 480 liters of oil or 1 ton of coal.

® Nuclear energy is one of the most environmentally
friendly methods of producing electricity, as nuclear
plants do not burn fossil fuels thus they do not
produce greenhouse gas emissions.




Site selection for Nuclear power Plant

(1)Cost of Transmission of Energy:

Power plant should be located as near to the load centre as
possible. This reduces the transmission costs and losses in
transmission.

(2)Requirement of Space:

The space and building requirements of the power plant is
another point to be considered. If the building and space
required are both large, the cost of land as well as building
will be large.

(3)Availability of Site for Water Power:

In deciding the type of power plant for a given location, it is
desirable to investigate whether any suitable source of water
and sites are available for the development of hydroelectric
power plant.




(4)Transportation Facilities:

The location of a power plant is dependent to some extent
on the availability of transportation facilities. It is necessary
to have a railway, line available and extended to the yard
for bringing in heavy machinery for installation in the
beginning and for bringing in fuel-coal or oil as well as
material required for maintenance.

(4)Availability of Cooling Water:

This power plant needs larger quantities of cooling water
than diesel and gas turbine power plants. Water is
circulated through condenser tubes to condense the steam
and to maintain a high vacuum in the turbine condenser for
high efficiency.




(5)Disposal of Waste:

In case of nuclear power plants, the disposal of products
(radioactive in nature) is a big problem. They have either to
be disposed off in a deep trench or in a sea away from the
seashore.

(6)Equitable Growth of Different Areas:

It has been seen that availability of power from a nearby
source in an area encourages setting up of heavy industries
in that area and consequently, the ancillary industries are
also to come up.

(7) Pollution and Noise:

A site for a power plant near a load centre may be
objectionable from the point of view of noise and pollution.
The fuel and waste is radioactive in nature so should be
away from population area.




Diesel Power Station

e In a diesel power station, diesel engine is used as the
prime mover. The diesel burns inside the engine and the
products of this combustion act as the working fluid to
produce mechanical energy. The diesel engine drives
alternator which converts mechanical energy into electrical

energy.
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® For generating electrical power, it is essential to rotate the
rotor of an alternator by means of a prime mover. The prime
mover can be driven by different methods. Using diesel engine
as prime mover is one of the popular methods of generating
power. When prime mover of the alternators is diesel engine,
the power station is called diesel power station.

® The mechanical power required for driving alternator comes
from combustion of diesel. As the diesel costs high, this type of
power station is not suitable for producing power in large
scale in our country.

® But for small scale production of electrical Power, and where,
there is no other easily available alternatives of producing
electric power, diesel power station are used.




Comparison of various types of power
plants

e Comparison of Different types of electric power plants
can be done on the basis of running cost, site, starting
,maintenance etc as shown in the chart.




S.No. Item Steam Power Hydro-electric Diesel Power Nucdlear power
Station Power Plant Plant Plant

1. | Site Such plants are located at a | Such plants are located where ||Such plants can be located atany | These plants are located
place where ample supply of | large reservoirs can be ob- | |place because they require less | away from thickly popu-
water and coal is available, | tained by constructing a dam | |space and small quantity of wa- | lated areas to avoid radio-
transportation facilities are ad- | e.g. in hilly areas. ter. active pollution.
equate

2. | Initial cost Initial cost is lower than those | Initial cost is very high be- | Initial cost is less as compared | Initial cost is highest be-
of hydroelectric and nuclear | cause of damconstructionand | |to other plants, cause 0f huge investement
power plants, excavation work, on building a nuclear re-

actor,

1 Running cost Higher than hydroelectric and Practically nil because no fuel Highest among all plants be- [ Except the hydroelectric
nuclear plant because of the re- | is required. cause of high price of diesel. | plant, it has the minimum
quirement of huge amount of running cost because small
coal, amount of fuel can pro-

duce relatively large
amount of power,

4. | Limit of source of Coal is the source of power | Water is the source of power || Diesel is the source of power | The source of power is the

power which has limited reservesall | which is not dependable ||which is not available in huge [ nuclear fuel which isavail-
over the world, becuase of wide variations in | quantities due to limited re- | able in sufficient quantity.
the rainfall every year, serves, Itis because small amount
of fuel can produce huge
power.
S. | Cost of fuel trans- Maximum because huge | Practically nil. Higher than hydro and nuclear [ Minimum because small
portation amount of coal is transported power plants quantity of fuelis required,
to the plant site.

6. | Cleanliness and Least clean as atmosphere s [ Most simple and clean. More clean than steam power | Less cleaner than hydro-

simplicity polluted due to smoke. and nuclear power plants. electric and diesel power

plants,




SN tem Steam Power Hydro-¢lectric Diesel Power Nudlear power
Station Power Plant Plant Plant
1. | Owerall q’ﬁa’em'y Leas!cﬂ'lcienI,Overalleﬂ'lcimcy Most efficient. Overall effi- More efficient than steam | More efficient than §team
is about 25%, ciency is about §5%, power station, Efficiency is | power station,
about 35%.

B, | Starting Requirs a lot of time for sart | Can be startedinstntly, | Canbe started quickly. | Can be started casily,
ng.

9. | Space required These plants need sufficient | Require very large areabecause | Require less space, These require minimum
space because of boilers and |of the reservair, space as compared to any
other auxiliaries, other plant of equivalent

capacity,
10, | Maintenance cost Quite high as skalled operating | Quite low, Less Very high as highly trained
stafl s requred, personnel are required o
handle the plant.
.| Transmission and | Quite low s these are generally | Quite high as these are located | Least as they are generally lo- | Quite low as these are lo-
distribution cost located near the load centres. | quite away from the load cen- | cated at the centre of gravity of | cated near load centres,
tres, the load
13. | Standby losses Maximum as the boile remains | No standby losses Less standby losses, Less,

In operation ¢ven when the tur-
bine is not working,
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Economics of Generations




Introduction

The art of determining the cost of production of electrical
energy per unit is known as ECONOMICS OF POWER
GENERATION.

o INTEREST: The cost of use of money is known as interest.

e DEPRECIATION : The decrease in value of power plant
equipment and building due to constant use is known as
depreciation.

Classification Of Cost Of Electrical Energy
1. Fixed cost

. Semi fixed cost

3. Running cost




Fixed Cost of Electricity

Fixed Cost :

e In every manufacturing unit there is some hidden
expenditure which fixed. This is same for manufacturing one
unit or thousand units of the items. In electric generating
station like manufacturing unit, there are some hidden costs
which independent of the quantity of produced.

e These fixed expenditures are mainly due to an annual cost to
run the organization, interest on capital cost and tax or rent
of the land on which the organization established, salaries of
high officials and interests of loans (if any) on the capital cost
of the organization. Like these main costs, there are many
others expenditures which do not change whether the rate of

units is less or more.



https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/primary-sources-of-electrical-energy/

Semi-Fixed costs

There is another type costing for any manufacturing or
production or any similar type of industries. These costs
are not strictly fixed and also not fully dependent on the
number of items manufactured or produced. These costs
depend on the size of the plant. These actually depend on
the assumption of a maximum number of items which
can be produced from the plant at a time during peak
demand period. That means the forecasted production
demand of the plant determines how big will be the
manufacturing or production plant. Likewise, the size of
an electrical generating plant depends on the maximum
demand of the connected load of the system




¢ If the maximum demand of the load is quite higher than
the average demand of the load, then the
should be constructed and well
equipped to fulfill that maximum demand of the system
even the peak demand lasts for less than an hour. This
type of costs is referred as semi-fixed cost.

® It is directly proportional to the maximum demand on
the power station. The annual interest and depreciation
on capital investment of building and equipment, taxes,
salaries of management and clerical staff, expenditure for
installation etc. come under semi-fixed costs.



https://www.electrical4u.com/power-plants-types-of-power-plant/

Running Cost of Electricity

Running Cost of Electricity:

e The concept of running cost is quite simple. It solely
depends on the number of units produced or generated. In
the main running cost is the cost of

fuel burnt per unit of electrical energy generation.

® The cost of lubricating oil, maintenance, repairs and
salaries of operating staff are also accounted under running
cost of the plant.

e Since these charges are directly proportional to the number
of units generated. For generating more units of electrical
energy required running expenditures are more and vice
versa.



https://www.electrical4u.com/power-plants-types-of-power-plant/

SOME IMPORTANT TERMS

»> CONNECTED LOAD : The sum of continuous rating of all
electrical equipment connected to the supply system is known as
Connected Load.

> MAXIMUM DEMAND : It is the greatest demand or load on
power station during given period is known as MAXIMUM
DEMAND.

> DEMAND FACTOR : The ratio of maximum demand on power

system to the connected load is called DEMAND FACTOR. Its
value is always less than 1.

> AVERAGE LOAD: The average of load occurring on power

station In given period (day, month, year) is known as
AVERAGE LOAD.




»>LOAD FACTOR: The ratio of average load to the maximum
demand Is known as LOAD FACTOR. Its value is always less
than 1.

> DIVERSITY FACTOR : The ratio of sum of individual
maximum demand to the maximum demand on power station Is
called DIVERSITY FACTOR. Its value Is always greater than
1.

> PLANT CAPACITY FACTOR: It is the ratio of actual
energy produced to the maximum energy that could have
been produced during a given period is known as PLANT

CAPACITY FACTOR.




> PLANT USE FACTOR : The ratio of KWH generated to
product of plant capacity and no. of hours for which plant was in

operation.

> PLANT CAPACITY FACTOR = STATION output in kwh/
plant capacity . Hours of use

»> UTILIZATION FACTOR : It is defined as the ratio of
maximum demand on power station to the rated capacity of power

station.

> POWERFACTOR : It is the ratio of true power to the
apparent power.




LLoad curve

® Load curve determines the load variation during
different hours of the day. It indicates the
peak load which determines the maximum demand on
the power station. The area under the load curve gives
the total energy generated in the period under
consideration.

e In a power system, a load curve or load profile is a
chart illustrating the variation in
demand/electrical load over a specific time.

® Generation companies use this information to plan how
much power they will need to generate at any given time.




Peak load Plant capacity
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Importance of Load Curve:

The Daily Load Curve gives the information of load on the
power station during different running hours of the day.

The number of unit's generation per day is found from the
area under the daily Load Curve.

Average load is found from the Load Curve.

Average load= [Area (KWh) under daily load curve/24
hours]

The maximum demand of the station on that day is found
from the highest point of the daily Load Curve.

The size and the number of generating units can be
determined from the load curve.

This Load Curve helps to determine the operation
schedule of the station. In that case when all the units or
the less units needs to running is found.



IMPORTANCE OF LOAD FACTOR AND DIVERSITY
FACTOR

(1) Load factor : Load factor is the ratio of average load to
maximum load on the power plant.

e The load factor will increase if the average load increases
without the increase in maximum load. Thus, the total
number of units of energy generated (kWh) at higher load
factor would increase.

e But the annual fixed charges per unit of energy generated
would reduce with the increase in load factor. Hence, the
annual fixed charges per unit of energy generated would
reduce with the increase in load factor. As a result the
overall cost per unit of energy generated reduces.




(2)Diversity factor: The diversity factor is the ratio of the
sum of the maximum demands of the individual consumers
and simultaneous maximum demand of the whole group
during a particular time.

e At higher diversity factor the cost of generation is less
because if the D.F. is high, the sum of individual demand is
more than max demand. Hence capacity of the station can
be kept lesser, this will decrease the initial investment on
the erection of plant.




Base load and Peak load plant

® Load is the amount of power in the electrical grid.

e Base load is the level that it typically does not go
below, that is, the basic amount of electricity that is
always required.

e Peak load is the daily fluctuation of electricity use.
It is usually lowest in the wee hours of the morning
and highest in the early evening as shown in load

curve.




Gas turbine and Diesel power plants operate economically
only for peak load and Thermal power plant is suitable only
for base load. Hence such power loads should not be supplied
from single power plant. Explanation: Capability of quick start
is the essential requirement for peak load plant. Plants having
low cost of running and have large production capacity like
nuclear are used as base load and vice versa for peak load
plants.

Power WINTER Power SUMMER
demand demand

/ intermediate \ /intermediate \

P

base load base load

Time of day Time of day




Interconnection of the power plants

e The Power Plants are interconnected to get overall
economy this inter connection of plants also known as
grid system. It has following advantages:

e It enhanced the reliability of the supply.
e Diversity factor is improved

e Economy is improved because the plant having more
efficiency can be employed as the ‘Base loads Plant "and
vice versa for peak load plant.

e The old plants cant feed the load independently but as a
member of grid can perform better.

e in case of failure or maintenance of the plant whole load
of the plant can be transferred to other plant




Regional grid and National Grid

e Regional Grid — The Regional grid is formed by
interconnecting the different transmission system of
a particular area through the transmission line.

e National Grid - It is formed by interconnecting
the different regional grid




ESTABLISHMENT OF NATIONAL GRID

Present Inter Regional Inter Regional Power Transfer
Power Transfer Capacity Capacity by 2016 end - 35,000 MW
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Chapter-3

Transmission




Transmission of Power

Power transmission is the movement of electrical
energy from its place of generation to a location where
it is applied to perform useful work ie. at load centre.




Layout of Power system

A power system consists of the following stages :-
1. Power station

Primary Transmission
Secondary Transmission
Primary Distribution
Secondary Distribution

gl o 59




Key diagram of Transmission system
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Electricity generation, transmission, and distribution

fransmission lines camry
power plant ez :
o2 electricity long distances
generates electricity Lk distribution lines carry
electricity to houses

transformers on poles
step down electricity
before it enters houses

transformer steps neighborhood
up voltagg for transformer steps
transmission down voltage

Source: Adapted from National Energy Education Development Project (public doman}




Primary Transmission and Secondary Transmission

> Primary Transmission- High voltages of the order of 66kv,
132kv, 220kv, 400Kkv are used for transmitting power by 3
phase 3 wire overhead system. This is supplied to
substations usually at the outskirts of major distribution
centre or city.

> Secondary Transmission - On the outskirts of the city,
there are sub-station which step down the primary
transmission voltage to 66kv or 33kv and power is
transmitted at this voltage. This forms the secondary
transmission system, 3 phase wire system is used.




CLASSIFICATION OF TRANSMISSION LINES

»> VOLTAGE
> UHV (1000KV)
> EHV (745 KV)
> High voltage transmission voltage (200KV)
> Medium voltage transmission voltage (132KV)

> DISTANCE
> Short length T.L (< 50 km)
> Medium length T.L ( 50-150 km)
> Long length T.L (>150 km)

> A.C OR D.C : The transmission line may be ac or dc depending
upon the application.




SELECTION OF TRANSMISSION VOLTAGE

v MORE INSULATION : Higher the voltage, more
insulation

v HIGH TOWERS : Clearance between ground and
conductors is more for high voltages.

v LONGER CROSS ARM : Clearance between
conductors is more for greater transmission voltages.




Advantages of high voltage for transmission

The Advantages of High Transmission Voltage at high
voltages due to the following reasons :

(1) Reduces volume of conductor material: Consider
the transmission of electric power by a three-phase line.Let

P = power transmitted in watts

V = line voltage in volts

cos ® = power factor of the load

1 = length of the line in metres

R = resistance per conductor in ohms

p = resistivity of conductor material

a = area of X-section of conductor




Load current, I = e
) 3 Vcosd
Resistance/conductor, R = plfa

Total power loss, W = 3P R =3 ("E—V&_{p] x%{
Pzpt

"V cos’da

o Al'ea Of X‘SQCﬁon, & = “‘:“‘,‘V%
CO§

Total volume of conductor material required

o . Ppi
= 3al=3 —a—as—|1
“ (WV cos” &

It

It is clear from exp. (i) that for given values of P,1,p and W, the
volume of conductor material required is inversely
proportional to the square of transmission voltage and power
factor. In other words, the greater the transmission voltage,
the lesser is the conductor material required.




(ii)Decreases percentage line drop

As J, p and ] are constants, therefore, percentage line drop
decreases when the transmission voltage increases.

Ling drop = [R= Ix‘”
= IXprJ!!-pIJ [~ a=H]
ipl |
oo lne drop = 5~ X100 i)

(iii) Increases transmission efficiency: Due to decrease
in the losses overall efficiency will improve.

P + Total losses

Input power




(iv) Improvement in voltage regulation: Due to
decrease in the % voltage drops ,overall voltage will
improve.




Limitations of high transmission voltage:

® From the above discussion, it might appear advisable to
use the highest possible voltage for transmission of
power in a bid to save conductor material. However, it
must be realized that high transmission voltage results
in

> the increased cost of insulating the conductors

> the increased cost of transformers, switchgear
and other terminal apparatus.

Therefore, there is a limit to the higher transmission
voltage which can be economically employed in a
particular case. This limit is reached when the saving in
cost of conductor material due to higher voltage is offset
by the increased cost of insulation, transformer,
switchgear etc. Hence, the choice of proper transmission
voltage is essentially a question of economics.




Overhead Transmission system

® It is less safe.

® It is less expensive.

® Fault occurs frequently.
® They are not restricted by the landscape.

® It gives shabby look.

® It is more flexible.

e Fault points can be easily located.

® Can be easily repaired.

® They can be operated upto 400 kv or higher.




Underground system

> It is more safe.

Less affected by bad weather.
It 1s more expensive.

Very rare chances of faults.
Take up less right-of-way.

Its appearance is good as wires are not V131b1e
Faults points cannot be easily located.
Cannot be easily repaired.

>
>
>
>
>
>
>
> It can work only upto 66kv due to insulation difficulty.




DC TRANSMISSION
_________________________________________________ @

Advantages Disadvantages

1. It requires only two .copductors as compared to 1. Electric power cannot be generated at high
three for a.c transmission. d.c voltage due to commutation
2, T.here is no inductance, capacitance,- phase problems.
displacement and surge problems in d.c.
transmission.
3. A d.c. transmission line has better voltage 2. The d.c. voltage cannot be stepped up for
regulation. transmission of power at high voltages.
4. There is no skin effect in a d.c. system.

Therefore, entire cross-section of the line

C 3. The d.c switches and circuit breakers
conductor is utilized.

, _ have their own limitations.
5. For the same working voltage, the potential

stress on the insulation is less in case of d.c.
system.

6. Ad.c. line has less corona loss.

7. The high voltage d.c transmission is free from
the dielectric losses.

8.  There are no stability problems.




AC TRANSMISSSION

_________________________________________________ @

ADVANTAGES DISADVANTAGES

) . 1. An a.c line requires more copper than
1. The power can be generated at high a d.c. line.
voltages. . 2. The construction of a.c transmission
| line is more complicated than a d.c
2. The maintenance of a.c substations transmission line.
is easier and cheaper. . 3. Due to skin effect in the a.c system, the
| effective resistance of the line is
3. The a.c voltage can be stepped up increased.
or stepped down by the ' 4. An a.cline has capacitance. Therefore,
transformers with ease and | there is a continuous loss of power
efficiency. This permits to | due to gharging current even when
transmit power at high voltages the line is open.
and distribute it at safe | 5. Ana.clinehas coronaloss.
potentials. |



Components of Transmission line

> Line supports — These may be poles or towers, which keep
the conductors at a suitable height from the ground level.

> Conductors are either solid round, stranded or bundled.
Stranding provides flexibility. These may be of copper,
aluminum, A.C.S.R or of any other composition.

> Insulators are suspend the energized phase conductors
and insulate them from grounded tower.

> Cross arms are made of wood or steel angle section. They

provide support to the insulators.




> Lightning Arrestor is used to discharge excessive voltage
built upon the line to earth due to lightning.

> Phase plates are provided to distinguish the various phases.

> Earth wire run on the top of the towers to protect the line
against the lightning discharge.

> Fuses and Isolating switches are used to isolate different
parts of the overhead system.

> Barbed wire is wound around over some portion of the

pole or tower as anti-climbing device.




Line Supports

The line supports used for transmission and
distribution of electric power .

These are also known as poles and towers. Poles are
used for L.T lines and towers are used for H.T lines.
These can be of following types —

> Wooden poles - These are used in rural areas for L.T
lines. These are preferred due to their low cost and
natural insulating properties.

> Steel poles - These are used in urban areas for
distribution of electric power. These are of different
shapes : (a) Tubular (b) Rail poles (c) Steel joists.




> R.C.C. poles — These are also used in urban areas. These
have the advantage of longer life, free from insects and
atmospheric effects. They have good appearance and less
maintenance.

> Steel towers — These are used to transmit bulk power at

high voltages. They have greater mechanical strength,
longer life and can withstand the severe climatic conditions
and used for long span.







Conductor materials

The most commonly used conductor materials for overhead
lines are —

(a) Copper — This is an ideal conductor material for
transmission and distribution of electrical power, but due
to high cost and non-availability in abundance, it has
limited applications.

(b) Aluminum — This conductor material is next to copper. It
is cheaper than copper and is used where straight lines are
required, due to non-flexibility.




(c) A.C.S.R (Aluminum Conductor Steel Reinforced) — These
conductors have a central core of galvanized steel
whereas aluminum conductors form the outer layer. They
are mechanically strong and lighter in weight. Therefore
these can be used for longer spans.

® AAC- All Aluminum Conductor.

® AAAC - All Aluminum Alloy Conductor.

® ACAR - Aluminum Conductor Aluminum-Alloy
Reinforced.




Economic choice of conductor size

Kelvin’s Law:

The most economical area of conductor is that for
which the total annual cost of transmission line is
minimum.

The transmission line cost forms major part in the
annual charges of a power system.

® Depreciation
® Repair and maintenance
® Loss of energy in the line due to its resistance

® The cost towards the production of the lost energy is
considered




e If we decreases the area of the conductor in order to reduce
the capital cost, the line losses increase.

e Similarly, if we increase the conductor cross-section to save
the cost towards copper loss in the line, the weight of copper
increases and hence the capital cost will be more.

® Because of the above reasons, it is difficult to find the
economical size of the conductor. But it becomes easy with
the help of Kelvin's law.




Limitations of Kelvin's Law

This law has many problems and limits as we are selecting
the cross-section from an economical point of view.

1. It is not easy to estimate the energy loss in the line without
actual load curves, which are not available at the time of
estimation.

o. Kelvin's law did not consider many physical factors like
voltage regulation, corona loss, temperature rise etc.

3. The assumption that annual cost on account of interest and
depreciation on the capital outlay is not 100% true.

4. The conductor size determined by this law may not be
always practicable one.




5. The rates of interest and depreciation may vary from time
to time.

6. The diameter of the conductor may be so small as to cause
high corona loss.

7. The conductor may be too weak to stamp from mechanical
point of view.

8. Cost of insulation in cables is assumed to be independent
of the cross-section of the conductor which is only an
approx. assumption.




Conductor sizes

#3

Gauge 100 amps
#6
Gauge 65 amps

#8 Gauge ﬁ S0 amps
#10 Gaugeh 30 amps

#12 Gauge (GEEESED 20 amps

#14 Gauge (GG 15 amps




NN

s ui
N

Stranded Conductor







Insulator

®Insulators are used for providing Mechanical
Support and Electrical Isolations. Main types are:

®Pin Type
®Shackle type

® Disk Type(Suspension and Strain Type)
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String Efficiency of Insulator

® When the voltage is applied across
the SusHension insulator string, it is
unequally distributed across the
individual unit. The disc near the
line conductor is extremely stressed
and takes the maximum voltage in
the absence of stress. The voltage
distribution on insulator string
determines the {flashover voltage
and the voltage at which the
localized corona and  radio

interference produced.
P Ty,
// - : .////'.

Conductor




e The string efficiency is defined as the ratio of voltage
across the string to the product of the number of
strings and the voltage across the unit adjacent
string.

Voltage across the whole string
n x (Voltage across the unit adjacent to [ne conductor)

V

fls nv;

String Eftctency =

® Where, V = voltage across the whole string
n = number of insulator discs in the string
v, = voltage across the lowest unit connected to the
line conductor.




Methods of Improving the String Efficiency

For the adequate performance of transmission line, it is
essentials that the voltage distribution across the line
should be uniform. The different methods have been
attempted to get the uniform distribution of voltage along
the insulators to fully utilize its strength. The following
methods are explained below.

® Use of Long Cross Arm:

The non-uniformity in the potential distribution is due to
stray capacitance between the lines and the ground. This
can be reduced by using the long cross arm. The long cross
arm increases the conductor spacing and the inductive
reactance voltage drop. But the economy does not permit
the use of very long cross arms.




- Capacitance Grading or Grading of
the unit: Cross Arm

In this method, the insulators have .
different dimensions, and each insulator
has different capacitances. The line-end
unit has got the greatest capacitance, while
the top unit get the smallest. By properly £
selecting the capacitance of the units the ~
voltage distribution can be made uniform.
The figure below shows the string of
suspension insulators and the various
capacitances.
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Line Conductor \ield

Static shielding




Let, v = voltage across each unit of the string.
C, = self-capacitance of x the unit from the top.
C,., = self-capacitances of (x+1) the unit from the top.

lygr = Ly + Iy

V.jwCypq = V. jwlC, + xv. jwl,

C.I“‘.‘ s Cx + XCg
e This method raises the ditticulties 1n selecting the unit for
long string and it is only used for high voltage lines.




» Uses of Grading Rings or Static Shielding

The method of using the grading or guard (VU
ring has proved to be very effective by

equalizing the voltage distribution. The 3 T =
figure below-shown the arrangement of the Gy T Czl_
guard ring. The ring or shields are fitted to il

Tower

L ONONONONUNSNONUNNUSINSIISINSINNANINNNANN

the bottom insulator hardware or to the
clamp and connected to the line.

= Line Conductor }ield

Static shielding




e The grading ring increases the stray capacitance to the
line of the line-end units, and decreases the stray
capacitance to earth, and thus help in making the voltage
distribution uniform. Consider path link P from the top.
Let C

® Consider path link P from the top. Let C, be the
capacitance from the shield the pth link. Applymg KCL at

P. '
lp+1 T =+ 1

pPv.jw.Cg = (n — plv. jwC,
Cp = pf"p
e The grading ring is circular or oval in shape and made of
galvanized tube or pipe. The combination of an arcing
horn at the top and grading ring at the bottom provides a
very good protection for the string against power
frequency and lightning flashovers.




Parameters of Transmission Line

e The transmission line has mainly four
parameters, resistance, inductance, capacitance and
shunt conductance. These parameters are uniformly
distributed along the line. Hence, it is also called the
distributed parameter of the transmission line.




Inductance of Transmission Line

e In the medium and long transmission lines inductance
(reactance) is more effective than resistance. The current
flow in the transmission line interacts with the other
parameter, i.e the Inductance. We know that when current
flow within a conductor, magnetic flux is set up. With the
variation of current in the conductor, the number of lines of
flux also changes, and an emf is induced in it (Faraday’s
Law). This induced emf is represented by the parameter
known as inductance.




Inductance of a two-wire line:

® Considered a single phase line consisting of two conductors
(phase and neutral) a and b of equal radius r. They are
situated at a distance D meters. The cross sections of
conductors are shown in the diagram below.
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® Inductance per conductor is given by

D
L=, =Ly =2X 107" Hm

e Inductance per conductor in case of three phase system

1
(D1 DZ?D31)3 y

Ly =L.=2%107"% In 5

/m

a

D12 D31
b @/ D3 \ED c
Unsymmetrical three-phase line




Capacitance of the Line

e Capacitance in a transmission line results due to the
potential difference between the conductors. The
conductors get charged in the same way as the parallel
plates of a capacitor. Capacitance between two parallel
conductors depends on the size and the spacing between
the conductors.




Capacitance of a Single Phase transmission line

e Consider a Capacitance of a Single Phase Two Wire Line
consisting of two parallel conductors A and B spaced d
meters apart in air. Suppose that radius of each conductor
1S T meters.

g TE
. . a
o Capacitance is givenas=  ((, = —=——F/m
+| | Ve InQ
PN j
1! W 1 A
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\\:~ 2 2 D \:\‘ —'/,
a b

Two-wire line




e Capacitance of the symmetrical three-phase line is
given as:

21!86

L

(5 =
A VA \3/dld2d3 .

log,




EARTH WIRE

Earth wire provided above the phase conductor across
the line and grounded at every tower.

It shield the line conductor from direct strokes

Reduces voltage stress across the insulating strings
during lightning strokes

¢ Optical Fiber

Stainless Steel Tube

Aluminum Alloy

Aluminlum-clad Steel




Transposition of Conductors

spaced unsymmetrically) of a three phase overhead line at
regular distances in order to make the line constants of three
phases symmetrical, is called transposition of conductors.

> It is must, when long AC transmission line is to be erected.

> Because voltage unbalance in long transmission line
becomes remarkable and cannot be tolerated.

Transposition of the Conductors




BUNDLE CONDUCTOR

_________________________________________________________________ @

> A bundle conductor is a conductor made up of two or more conductors.
It is used to transmit bulk power at reduced losses.

> These are used on Extra high voltage lines to reduce corona effect and
radio interference.

> Bundle conductors consist of three or four conductors for each phase,
separated from each other by means of spacers at regular intervals.
Thus they do not touch each other.




_________________________________________________________________ @

® Sag in overhead Transmission line conductor refers to
the difference in level between the point of support and
the lowest point on the conductor.

® Therefore, in order to have safe tension in the conductor,
they are not fully stretched rather a sufficient dip or Sag
is provided.




Factors affecting SAG

(i)Weight of conductor.

(i1) Location of the conductor.
(ii1) Length of the span.

(iv) Temperature.

(v) Tensile strength.
(V1) Tension.




Calculation of SAG

Suppose, AOB is the conductor. A and B are points of
supports. Point O is the lowest point and the midpoint.

Let,

L = length of the span, i.e. AB

w is the weight per unit length of the conductor
T is the tension in the conductor

We have chosen any point on conductor, say point P.
The distance of point P from Lowest point O is x.
y is the height from point O to point P.




1. When Supports are Equal

Equating two moments of two forces about point O as per the
figure above we get,

T —ﬂ:'it?}(m
J=ors

2
Now,y= %, wheny=Sandz=1L/2

wl?
Th.en S — ﬁ




2. When Supports are Unequal

In hilly area supports for overhead transmission line conductor do
not remain at the same level.

Sag S, = WX;2/2T

and Sag S, = WX,2/2T

Now,
8
Sy = Sz = (W/2T)[ X2 = X57] 1 f T
/"" h
= (W/2T)(Xy — X2)( X4 + X3) < i S,
r.‘\ “““““““““ ;,'/' """ l
BUt Xq + X2 = L v (2 e
e @ L B S S|
|
So, « o se o »
e ' I 7 W
S — Sz = (WL/2T)(X1 — X2) '
|
Xy — Xz =2(S7 — Sz2)T /WL I ?ITTTTT

X, =Xz =2HT /WL (As S; — S, =H)

Fig. Unequal Supports
My =3 m 2HT /WL i d3)

Solving equation (2) and (3) we get,

Xy =L/2 — TH/WL

Xo = L/2 + TH/WL




Importance of SAG

e Sag is mandatory in transmission line conductor
suspension. The conductors are attached between two
supports with perfect value of sag. It is because of providing
safety of the conductor from not to be subjected to
excessive tension.

¢ In order to permit safe tension in the conductor, conductors
are not fully stretched; rather they are allowed to have sag.

e If the conductor is stretched fully during installation, wind
exerts pressure on the conductor, hence conductor gets
chance to be broken or detached from its end support. Thus
sag is allowed to have during conductor suspension.




Voltage regulation of transmission line

® Voltage regulation of transmission line is defined as the
ratio of difference between sending and receiving end
voltage to receiving end voltage of a transmission line
between conditions of no load and full load. It is also
expressed in percentage.

Ve — Vi
Ve

Yo VIR — > 100

® Where, V| is the sending end voltage per phase and Vy is
the receiving end voltage per phase.




Effect of load power factor on regulation of transmission line:
e For lagging load

% VR — ITRcos8p ;;IXLSH]HH 100
R

e For leading load

% VR — IR cosfp ;I.XLSHIE}H » 100
R

e Power factor is lagging or unity, and then VR is increased
and goes to be positive.

e Power factor is leading, and then VR is decreased and goes
to be negative.




Efficiency of Transmission Line

Transmission efficiency is defined as the ration of receiving
end power Py, to the sending end power P and it is
expressed in percentage value.

Pp VpIp cosfp

T = — x 100 =

- 100
Pq Valgcosfg '

cos0, is the sending end power factor.
cosOy, is the receiving end power factor.
V. is the sending end voltage per phase.
Vi is the receiving end voltage per phase.




® In case of medium and long transmission line

Pouwer delivered|phase

o transmission ef ficiency = X
ﬂ ifeeney Power delivered phase + Losses/phase

VpIpcosty

“Tilush IR




Corona Losses 1n transmission line

® Corona is a phenomenon caused by the partial discharging
caused by high electrical stress collided with gas molecules
in the air when electrical field stress exceeds critical level
cause of audible noise, frequency noise to communication
system and power loss in overhead transmission line.




® Corona discharge can cause an audible hissing or cracking noise as
it ionizes the air around the conductors. The corona effect can also
produce a violet glow, production of ozone gas around the
conductor, radio interference, and electrical power loss.

® The corona effect occurs naturally due to the fact that air is not a
perfect insulator — containing many free electrons and ions under
normal conditions. When an electric field is established in the air
between two conductors, the free ions and electrons in the air will
experience a force. Due to this effect, the ions and free electrons get
accelerated and moved in the opposite direction.

® The charged particles during their motion collide with one another
and also with slow-moving uncharged molecules. Thus the number
of charged particles increases rapidly. If the electric field is strong
enough, a dielectric breakdown of air will occur and an arc will form
between the conductors.




Factors Affecting Corona Loss

The main factors affecting corona discharge are:
1. Atmospheric Conditions

. Condition of Conductors

3. Spacing Between Conductors




1. Atmospheric Conditions

The voltage gradient for dielectric breakdown of air is
directly proportional to the density of air. Hence in a
stormy day, due to continuous air flow, the number of ions
present surrounding the conductor is far more than
normal, and hence it’s more likely to have electrical
discharge in transmission lines on such a day, compared to
a day with the fairly clear weather.




2. Condition of Conductors

This particular phenomenon depends highly on the
conductors and its physical condition. It has an inverse
proportionality relationship with the diameter of the
conductors. 1.e., with the increase in diameter, the effect of
corona on power system reduces considerably. Also, the
presence of dirt or roughness of the conductor reduces the
critical breakdown voltage, making the conductors more
prone to corona losses. Hence in most cities and industrial
areas having high pollution, this factor is of reasonable
importance to counter the ill effects it has on the system.




3. Spacing Between Conductors

As already mentioned, for corona to occur in the spacing
between the lines effectively should be much higher
compared to its diameter, but if the length gets increased
beyond a certain limit, the dielectric stress on the air
reduces, and consequently, the effect of corona reduces as
well. If the spacing is made too large, then corona for that
region of the transmission line might not occur at all.




Method of Reducing Corona Loss

Corona discharge can be reduced by:

¢ Increasing the conductor size: A larger conductor
diameter results in a decrease in the corona effect.

¢ Increasing the distance between

conductors: Increasing conductor spacing decreases the
corona effect.

¢ Using bundled conductors: they increase the effective

diameter of the conductor — hence reducing the corona
effect.




e Using Corona rings: The electric field
is stronger where there is a sharp
conductor curvature. Because of this
corona discharge occurs first at the sharp ‘
points, edges, and corners. Corona rings -
reduce the corona effect by ‘rounding

out’ conductors (i.e. making them less ‘
Corona Ring

sharp). They are used at the terminals of
very high voltage equipment (such as at
the bushings of high
voltage transformers). A corona ring is
electrically connected to the high voltage
conductor, encircling the points where
the corona effect is most likely to occur.
This encircling significantly reduces the
sharpness of the surface of the conductor
— distributing the charge across a wider
area. This in turn reduces corona
discharge.




Ferranti Effect

Ferranti effect is due to the charging current of the line.
When an alternating voltage is applied, the current that
flows into the capacitor is called charging current. A
charging current is also known as capacitive current. The
charging current increases in the line when the receiving
end voltage of the line is larger than the sending end.

R + jX 1,

=3
- "'\_b_;\_\_v_-*x_“fr"-\_“ e ?:I Ii‘:l_ ?5 ?:: - -
Ivs VI
- &




e Capacitance and inductance are the main parameters of the
lines having a length 240km or above. On such
transmission lines, the capacitance is not concentrated at
some definite points. It is distributed uniformly along the
whole length of the line.

® When the voltage is applied at the sending end, the current
drawn by the capacitance of the line is more than current
associated with the load. Thus, at no load or light load, the
voltage at the receiving end is quite large as compared to
the constant voltage at the sending end.




Transmission Losses

1.  Conductor Loss
Radiation Loss
Dielectric Heating Loss

2

3

4. Coupling Loss

5. Corona Loss

v To reduce conductor loss simply shorten the transmission line or use
a larger diameter wire. Conductor loss depends somewhat on frequency

because of a phenomenon called the skin effect.

v The skin effect is the tendency of an alternating electric current
(AC) to distribute itself within a conductor so that the current density
near the surface of the conductor is greater than that at its core. That is,
the electric current tends to flow at the "skin" of the conductor.




v Coupling loss occurs whenever a connection is made to or
from transmission line or when two sections of
transmission line are connected together.

v In a conductor carrying alternating current, if currents are
flowing through one or more other nearby conductors, such
as within a closely wound coil of wire, the distribution of
current within the first conductor will be constrained to
smaller regions. The resulting current crowding is termed
the proximity effect.




Chapter-4

Distribution System




Electric Power Distribution

Electric power distribution is the final stage in the
delivery of electric power; it carries electricity from
the transmission system to individual consumers.

The basic types of Electric power distribution are:
1) DC Distribution System.
2) AC Distribution System.




Layout of HT and LT Distribution System

“ High-Voltage Transmission Lines
Step-up Step-down
l, "l ll Substation Substation
' iy gl

Power Plant

Medium-Voltage
Transmission Lines

Distributio

! Large factories
Lines




Components of Distribution system

e Feeder:
A feeder is a conductor which connects the sub-
station or local generating station to the area s g
where the power is distributed. Generally, no B

tapping are taken from the feeder, so the current ot
is remain same throughout. The main
consideration in the design of a feeder is current

o - Feeder
carrying capacity.

® Distributor:
A distributor is a conductor from which tapping
are taken for supply to the consumer. While
designing the distributor , voltage drop along its
length is the main consideration Fig. 12.1

® These service mains are tapped
from different points of distributors.




Connection schemes of distribution system

e The Radial distribution system is the cheapest to build,
and is widely used in sparsely populated areas. A radial
system has only one power source for a group of customers.
A power failure, short-circuit, or a downed power line
would interrupt power in the entire line which must be
fixed before power can be restored.

Feeder Distributor Feeder Distributor

B B
Loace Loads
11kV/400V, 230 V
Sub- s Sub- /VIW
station |0 A T c station |O A c
Feeder Feeder
Feeder Feeder




Ring Main Distribution System

® The drawback of a radial electrical "
ower distribution system can Dt
e overcome by introducing a ring
main electrical power MM
distribution system. In this ]
system, one ring network of c ¥
dsifstributors is ted by more than one -, | g Dty
feeder. an[Fuil® Wy O % -t
® In this case, if one feeder is under It
fault or maintenance, the ring :
distributor is still energized by other M g
. 4 L&0n
feeders connected to it. In this way, AW T
the supply to the consumers is not Ly
affected even when any feeder L
becomes out of service. B




Interconnected Distribution system

® When a ring main feeder is
energized by two or more
substations or generating
stations, it is called as an
interconnected distribution
system. This system ensures
reliability in an event of
transmission failure. Also,
any area fed from one
generating stations durin

eak load hours can be fe
rom the other generating

station or substation for &
meeting power requirements [ ., Y °
from lncreased loa . AutomationFarum.in

]




Power cables

e Electric power can be transmitted or distributed either by
overhead transmission systems or by underground cables.
Cables are mainly designed for a specific requirement.
Power cables are mainly used for Transmission and
distribution purposes. It is an assembly of one or more
individually insulated conductors, usually held together
with an overall sheath. The assembly is used for
transmission and distribution of electrical power.

e Electrical power cables may be installed as permanent
wiring within buildings, buried in the ground, and run
overhead or exposed.




Construction of Power Cable

There are various parts of a cable to be taken care of
during construction. The power cable mainly consists of
e Conductor

® Insulation

e LAY for Multi core cables only

® Bedding

® Beading/Armouring (if required)
® Outer Sheath




Conductor

Conductors are the only power carrying path in a power
cable. Conductors are of different materials. Mainly in the
cable industry, we use copper (ATC, ABC) and aluminum
conductors for power cables

PVC OUTER SHEATH

ARMOUR
INNER SHEATH

INSULATION \

CONDUCTOR

Insulation

The insulation provided on each conductor of a cable by
mainly PVC (Poly Vinyl Chloride), XLPE (Cross linked

Polyethylene), RUBBER (Various Types of Rubber). The
insulating material is based on operating temperature.



https://www.electrical4u.com/electrical-conductor/

¢ Beading (Inner Sheath)

This portion of the cable is also known as the inner sheath.
Mostly it is used in Multi-core cables. It works as a binder
for insulated conductors together in multi-core power
cables and provides bedding to armor/braid.

¢ Armoring

There are mainly G.I wire armouring, G.I steel strip
armoring. it is done by placing G.I wires, G.I, or steel strips
one by one on inner sheath. armoring is a process that is
done mainly for providing an earthing shield to the current-
carrying conductors as well as it is also used for earthing
purposes of the cable for safety.




¢ Beading

ANNEALED TINNED COPPER WIRE, NYLON BRAID,
COTTON BRAID are mainly used for this purpose. Braiding
is the process which gives high mechanical protection to
cable and also used for earthing purpose

e Outer Sheath

This is the outermost cover of the cable normally made of
PVC (Poly Vinyl Chloride), RUBBER (Various Types of

Rubber), and often the same material as the bedding. It is
provided over the armor.




Cable laying methods

¢ 1. Direct laying:

This method of laying underground cables is
simple and cheap and is much favoured in
modern practice. In this method of laying
underground cables, a trench of about 1-5
meters deep and 45 cm wide is dug. The
trench is covered with a layer of fine sand
(of about 10 cm thickness) and the cable is
laid over this sand bed. The sand prevents
the entry of moisture from the ground and
thus protects the cable from decay. After the
cable has been laid in the trench, it is
covered with another layer of sand of about
10 cm thickness.

The trench is then covered with bricks and
other materials in order to protect the cable
from mechanical injury.




2. Draw-in System

In this method of laying underground -cables,
conduit or duct of glazed stone or cast iron or concrete SRR
are laid in the ground with manholes at suitable positions 3 a i '.!a'!,f ‘,!
along the cable route. The cables are then pulled into " e -"'-'-'-‘-" o

H (NN
position from manholes. Fig. below shows a section ::5, """""': /)
through four-way underground duct line. Three of the [\
ducts carry transmission cables and the fourth duct | oo .'.'.-.;s.;ﬁ; v
carries relay protection connection, pilot wires ~ paEuEa e

l
"
Care must be taken that where the duct line changes ' :.:J:.;.,".;;';.,c '.;:"~.'.°--.
i i
o
0
|

direction; depths, dips and offsets are made with a very |
long radius or it will be difficult to pull a large cable ;
between the manholes. The distance between .;,,:" 'a.Q‘.;.::;:::;.;.;';.;. /u.\”‘ coverlng
the manholes should not be too long so as to simplify the E::":@ 4' OA‘

pulling in of the cables. The cables to be laid in this way ;”j ;.;.;:;Z;:'. .;1;U

need not be armored but must be provided with serving :..'.'... " ..;.;_;.m ..... g

of hessian and jute in order to protect them when being | ﬂ:‘p: AR ','ﬂ ,',A,

....'l“.l D‘O.C'. .‘O. l.l‘i I‘C.O

pulled into the ducts. RPN PN R AR PR




3. Solid System:

In this method of laying underground cables, the cable
is laid in open pipes or troughs dug out in the earth along
the cable route. The toughing is of cast iron, stoneware,
asphalt or treated wood. After the cable is laid in position,
the toughing is filled with a bituminous or asphaltic
compound and covered over. Cables laid in this manner are
usually plain lead covered because toughing affords good
mechanical protection.




Advantages and Disadvantages Underground System
Over Overhead System

1.Public safety

If we comment about public safety keeping in view both underground
and overhead then it is obvious that underground system is more safe
publicly as all the distribution wiring is underground.

2.Flexibility

The overhead system is more flexible as compared to underground as
we can modify overhead system whenever needed but underground
once place then its modification is not possible for modification new
instrumentation is required.

3.Initial cost

The components used in underground like cables, manholes and other
components are more expensive as compared to overhead. So
underground is more expensive. Normally underground system has five
to ten times more cost than overhead system.




4.Faults

The probability of faults in underground is least as qualitative
insulation is provided here. But faults occurrence will be more for the
overhead distribution system as many environmental factors affect the
overhead distribution system

5.Appearance

The appearance of underground system is better as compared with
overhead as in underground all wiring system is invisible so public is
forcing different companies to turn overhead to underground system.

6.Fault location and repairs

Normally in underground system fault location is extremely tough task
and furthermore after fault location fault repairing is further difficult
task but in overhead fault location and repairing is much easy and
simple.

7. Interference with communication circuits

The electromagnetic interference occurs in overhead of the system
with telephones lines. But such interference is not associate with
underground system.




8.Maintenance cost

The maintenance cost for underground system is very negligible as
chance of fault due to various factors are small and this cost is
associated to overhead system to the considerable amount.

9.Useful life

The useful life for overhead system is less whereas for underground this
is more and more long. The useful life for underground system is
almost 50 years and almost 25 years for overhead distribution system.

10.Current carrying capacity and voltage drop

An overhead system has considerably large amount of current carrying
capacity as compared with underground system of the same conductor
material and same area of cross section.




Faults in Underground Cables

The following types of faults are mainly occurs in
underground cables:

® Open-circuit fault — A break in the conductor of a cable is
called open-circuit fault. ...

® Short-circuit fault —-When an insulator fails, it is due to the
2 conductors of a multi-core cable coming in contact with
each other electrically, which indicates short-circuit failure.

e Earth Fault —t a cable’s conductor comes in contact with the
earth (ground), then it is called as earth fault.




Murray Loop Test

® Murray loop test is the most common and accurate method
for locating earth faults and short-circuit faults. However,
to perform the Murray loop test, it is necessary that a sound
(good) cable runs along the faulty cable.

e This test employs the principle of Wheatstone bridge for
fault location.




cable and the

conductors at t

¢ To perform the Murray loop test, the alongside sound

faulty cable are shorted with a jumper

conductor at the far end. The test side end is connected
through a pair of resistors to a voltage source. Also, a null
detector or galvanometer is connected between the two

he test end. The circuit diagram is as shown

in the image be]

circuit, adjust

IOW.

® Once the connections are made as shown in the above

the values of R, and R, so the null

detector/galvanometer shows zero reading. That is, bring
the bridge to the balance. Now, in the balanced position of
Wheatstone bridge, we have,




1 —
RZ Rx
R R +R
Or =41 =—t-X_4
RZ Rx

Or

R R,

2

Now, if r is the resistance of each cable, then

R,+R, _ R+ R +R, - =

R, +R;y+ R, =2r

Putting this in the above equation,

R1+ R2 2r

fig.(i) Murray loop test for short-circuit fault




We know, the value of resistance is proportional to the
length of the cable. Therefore the value of R, is
proportional to the length L. . Therefore

Where L is the total length of the cable under test. (The
value of L is proportional to the value of R,.)




Varley Loop Test

e Varley loop test is also for locating short-circuit and
earth faults in underground cables. This test also
employs the principle of the Wheatstone bridge. However,
the difference between Murray loop test and
Varley loop test is that, in Varley loop test resistances
R, and R, are fixed, and a variable resistor is inserted in
the faulted leg. If the fault resistance is high, the sensitivity
of Murray loop test is reduced and Varley loop test may be
more suitable.




To perform Varley loop test, connections are done as shown in the circuit
diagram below. Resistors, R, and R, are fixed and the resistor S is variable. In this
test, the switch K if first thrown to the position 1. Then the variable resistor S is
varied till the galvanometer shows zero deflection (i.e. bridge is balanced). Lets say,
the bridge is balanced for the value of S equal to S, Then,

A Rl >5

Sound cable

Fauity cable

d R A T ey
Battery "=
—_ Earth fault
.]- K 2

i <

fig (iii) Varley loop test for earth fault

Foulty cable

fig (iv) Varley loop test for short-circuit fault




Now, the switch K is thrown to the position 2 and the bridge is balanced by varying
the resistor S. Say, the bridge is balanced at the value of resistor S is equal to S.,.

Then, R, _R*R,
R R +S,

2

Let, R + R =R
e y 3

R1+R2 — R3+Rx+sl
R2 Rx+ S1
R,(R,+R_+S))
2 3 X 1
Rx+ 51— e
1 2
R.(R.+R)-R.S
R = z( 3 x) - | eq. (i)
. R1+ R2
R1 B R3+ Rx
Rz Sz
RiS: =R, (RARY)Y | misan swa eq. (ii)

Since the values of R, R,, S, and S, are known, R, can be calculated. When R, is
known, the distance from the test end to the fault point L, can be calculated as,

L, =R,/r

Where, r = resistance of the cable per meter.
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Substation

l Incoming substation

® The electrical substation is the 2

o o s || Lightning Arrester
part Of a pOWQI’ SYStem ].n Wh].Ch _; 11 kv underground cable

the voltage is transformed from D =3 Metrin
high to low or low to high for | | [ ensoncoie
transmission, distribution, 11 by Meterig Ecupmert

transformation and switching. 8 é

e The power transformer, circuit o ke [
breakers, bus-bar, i
insulator, lightening arrestor 4] ] Bl (4] E]emmesee
are the main components of an
electrical substation.

e

Qutgoing Feeders

Key Diagram of Substation




Classification of Substations by Design

installed within the substation building. Such type of substations is usually
for the voltage up to 11 KV but can be raised for the 33 KV or 66 KV when
the surrounding air is polluted by dust, fumes or gasses, etc.

2. Outdoor Substations — These substations are further subdivided into
two categories

> Pole Mounted Substations - Such Substations are erected for
distributions of power in the localities. Single stout pole or H-pole and 4-
pole structures with relevant platforms are operating for transformers of
capacity up to 25 KVA, 125 KVA, and above 125KVA.

> Foundation Mounted Substations — Such types of substations are
used for mounting the transformers having capacity 33,000 volts or above.

> Grid substation- is a large installation where 275 kV and 400 kV
overhead power lines or underground cables are switched and where
electricity is transformed to 132 kV for distribution to surrounding areas




Layout of 33/11KV substation




Layout of 11KV/400V substation

G.O. Switch
Cable Box
'
: Underground
]
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Main 400V

O.C.B. O.C.B.
1200/5

400 V Bus-Bar
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Power Factor

In electrical engineering, the power factor of an AC

electrical power system is defined as the ratio of the real
power flowing to the load to the apparent power in the
circuit

® Power factor is the ratio of resistance to the impedance of
the connected load.

® Power in ac system =V.I.cosg
® Power factor =coso
® Its value varies between o to 1.




Power Triangle
Apparent Power (5)
measured in VA Q Reactive Power (Q)
measured in VAR
A kVAR
 Phase Angle W Cose M:

KVA

Real or True Power (P)
measured in Watts

kw http://electricaltechnology.org/

P =VICosd OR

B
CosB = Vi

Cosf = kW

kVA

_ True Power
Cosf = Apparent Power

Power Factor




Disadvantage of low power factor

- Greater conductor size
- Large copper losses

- Poor voltage regulations
- Large KVA rating of the equipment




Causes of Low PF

The main cause of low p.f. is Inductive Load. As in pure
inductive circuit, Current lags 9o° from Voltage, this large
difference of phase angle between current and voltage
causes zero power factor. eg Inductive Loads are like:

® Arc Lamps
® Computer Systems
® Induction motors

® Electric Furnaces




Importance of Power Factor
Improvement

Power Factor is very important because of below
mentioned points:

® Real power is given by P = VI cose.

The electrical current is inversely proportional to cos¢p for
transferring a given amount of power at a certain voltages.
Hence higher the PF lower will be the current flowing. A
small current flow requires a less cross-sectional area of
conductors, and thus it saves conductors and money.

e From the above relation, we see having poor power factor
increases the current flowing in a conductor and thus copper
loss increases. A large voltage drops occurs in the alternators,
transformers and transmission and distribution lines — which
gives very poor voltage regulation.




e The KVA rating of machines is also reduced by
having higher power factor, as per the formula:

KW
COSO
® Hence, the size and cost of the machine is also
reduced.

AKVA =

eThis is why electrical power factor should be
maintained close to unity




Methods of Power Factor Improvement

There are three main ways to improve power factor:
e Capacitor Banks

e Synchronous Condensers

® Phase Advancers




1. Capacitor Banks

Improving power factor means reducing the phase
difference between voltage and current. Since the majority
of loads are of inductive nature, they require some amount
of reactive power for them to function. A capacitor or bank
of capacitors installed parallel to the load provides this
reactive power. They act as a source of local reactive power,
and thus less reactive power flows through the line.




Circuit and Phasor diagram

Capacitor banks reduce the phase difference between
the voltage and current.




2. Synchronous Condensers:

> Synchronous condensers are 3 phase synchronous motor with
no load attached to its shaft.

> The Synchronous motor has the characteristics of operating
under any power factor leading, lagging or unity depending
upon the excitation.

—>——9 > Three
¢ Phase
. i > Load
" |
f y
,»"\?m g |
= \ .
| /nge Y
N . |
P |' < 2 |
z N\

Three Phase Synchronous Motor



> For inductive loads, a Synchronous Condensers is
connected towards load side and is overexcited.

» Synchronous condensers make it behave like a capacitor. It
draws the lagging current from the supply or supplies the
reactive power.




3. Phase Advancers

e This is an AC exciter mainly used to improve the PF of an
induction motor.

e They are mounted on the shaft of the motor and are
connected to the rotor circuit of the motor. It improves
the power factor by providing the exciting ampere turns
to produce the required flux at the given slip frequency.

e Further, if ampere-turns increase, it can be made to
operate at leading power factor.




Causes of Low PF

The main cause of low p.f. is Inductive Load. As in pure
inductive circuit, Current lags 9o° from Voltage, this large
difference of phase angle between current and voltage
causes zero power factor. eg Inductive Loads are like:

® Arc Lamps
® Computer Systems
® Induction motors

® Electric Furnaces




Most Economical power factor

The value to which the power factor should be improved so as
to have maximum net annual saving is known as the most
economical power factor.

Most economical P.F, Cos 02 =V(1-sin202) = V(1-(y/x)?)

It may be noted that the most economical power factor (Cos
@2) depends on the relative costs of supply and P.F. correction

equipment but is independent of the original power factor cos
1 e

P —»
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