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BEE-501 : Power System -1 l

UNIT-1 : POWER GENERATION (1-1:B to 1-21 B)
Introduction: Basic structure of power system, sources, of electric
energy: conventionaland non- conventional; Layout of Hydro-electric,
Thermal and Nuclear power plants, Concept,of: cogeneration,
combined heat and power, and captive power plants, SPV generation
at household level. Basic Structure of Smart Grid, Communication
and IT components in power system. Load curve;load duration
curve, Concept of Connected Load, Maximum Demand, Average
load, Demand Factor, Load factor, Diversity Factor, Capacity Factor,
Utilization factor, Plant use factor, Installed capacity, Reserves, role
of load diversity in power system economy. Load Sharing between
Base load and Peak Load. / . > g

UNIT-2 : TRANSMISSION & DISTRIBUTION OF ELECTRIC POWER' I

, . (2:1Bt0'2-45B)
Single line diagram of Power systern, choice of transmission voltage,
One-line diagram, Impedance and reactance diagram, Pper unitsystem
changing the base of per unit quantities, advantages of per unit
system: Different kinds of supply system and their comparison.
Configurations of transmission lines: Types of conductors, Bundled
Conductors, resistance of line, skin effect, Kelvin's law, Proximity
effect. ; ot

Corona ‘Effect, factors affecting the Corona, Corona Power Loss,
Advantages and Disadvantages.

Performance of Lines: Representation of lines, short transmission -
lines, medium length lines, nominal T and T-representations, long
transmission lines. The equivalent circuit representation of a long

Line, A, B, C, D constants, Ferranti Effect.

UNIT-3 : TRANSMISSION & DISTRIBUTION OF ELECTRIC POWER- IL

(3-1 B to 3-25 B)

Mechanical Design of Over Headlines: Catenary curve, calculation

of sag & tension, effects of wind and ice loading, sag template,

vibration dampers. )

Overhead line Insulators: Type of insulators and their applications,

potential distribution over a string of insulators, methods of

equalizing the potential, string efficiency.




UNIT-4 : TRANSMISSION LINE PARAM!ETERS (4_1 B t.o 1-29 B)
Inductance and Capacitance Calculahqns of Tran.sm.lsswn Lines:
Line conductors, inductance and capacitance of smg!e phase and
three phase lines with symmetric;l and unsymmetrical spacing,
Composite conductors-transposition, bundled conductors, ang

effect of earth on capacitance.

UNIT-5 : INSULATED CABLES (5-1Bto 5.9 B)
Insulated Cables: Introduction, insulation, insulating materials, Extra.
high voltage cables, grading of cables, insulation resistance of 5
cable, Capacitance of a single core and three core cables, Overhead
lines versus underground cables, types of cables. 5 S

SHORT QUESTIONS (SQ-1B to SQ-16B)
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Introduction : Basic Structure of Power Syste .
: m.

PART-1

¢

Q“e 1.1, | Draw the basic structure of power system,

Answer " |

b

An electrical power SySt em 1s a network of elec Tl
used to transfer the power from the power stations

A power system has three main stages :
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Power System - I

Que 1.2. | What are the equipments used in sub-statio

them.

Answer I

1-3 B (EN-Sem-5)

n ? Discuss

ARTU 2023-24, Marks 10

Some common equipment found in substations includes :
Transformers : Transformers are essential components that
step-up Or step-down the voltage levels of electricity for efficient
transmission and distribution. .

Circuit breakers : Circuit breakers are devices that gutomatica]ly
interrupt electrical circuits during abnormal conditions, s_gcli as overload
or short circuits, to protect the equipment and prevent damage to the

system. § .
Busbars : Busbars are conductgisTthat‘_interconnect various
bstation, such as Vtransfdrmers, circuit breakers,

components within the su :
and switchgear. They provide a low-resistance path for electricity to

flow between different parts of the siib;station.

Disconnectors (Isolators) : Disconnectors are mechanical switches
used to isolate electrical equipment for maintenance or repalr They
ensure the safety of personnel working on the equipment by physically
disconnecting it from the power source. B N
Capacitor banks : Capacitor banks are used‘to imp
factor of the gﬂectrical system by compensating for;feqc
help in reducing losses, improving voltage spability;,én
overall efficiency of the system.

ré}?e ‘thé power
vepower. They
_increasing the

S

Sources af_‘Electric Energy : Conventional and Non-CohUE}ltibnal. v

Que 1.3. I What are the conventional and non conventional

sources of energy ? Explain with examples.

Answer l

A
1

o

[AKTU 2021-22, Marks 10 |

e

Conventional sources of energy 3

Conventional sources of energy fefer to the traditional and widely used
sources of energy that have been in use for a long time.

They are generally well-established and have been the primary sources

. of energy for various sectors.
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8. Examples of conventional source of energy :

i. Fossil fuels: Fossil fuels are the most common conventional SOurces of
energy. They include coal, oil, and natural gas.

4. Nuclear energy : Nuclear reactors use controlled nuclear reactiong
(fission) to release energy, which is then converted into electricity,

B. Non-conventional sources of energy :

1. Non-conventional sources of energy are newer and alternative forms of
energy that have gained importance due to environmental concerng
and finite availability of conventional sources.

9. These sources are considered renewable or sustamable as they are
naturally replenished and have lower environmental 1mpacts

3. Examples of non-conventional source of energy :

i.  Solarenergy : Solar panels capture sunlight and convert it into electricity
through photovoltaic cells.

ii. Wind energy : Wind turbines convert the kinetic energy of wind into
electricity.

iii. Hydropower The energy of flowing water is harnessed to generate
electricity using hydroelectric power plants.

iv. Biomass: Organic materials like wood, agricultural residues and waste
are burned or processed to produce energy.

PART-3 2

- Layout of . Hydro~elecir-ic, Thermal and Nuclear Power Plants.

Que 1.4. l Give the layout of hydro-electric power plant and explain
its components in detail.

Answer I

~A. Layout of hydro-electric power plant :

Head water
1

Electric
cable

Power lines

-
Electric
generator

Hydraulic

turbine Tail water
level

Flg. 1.4.1. Layout of hydro electric power plant.

s RN

Power System - I 1-5 B (EN-Sem-5)

1.

The different components in hydro-electric power plant are :
Reservoir:

It is a basic requirement of a hydro-electric plant.

Its purpose is to store water which may be utilised to run the prime
mover to produce electrical power.

A reservoir stores water during the rainy season and supplies the same
during the dry season.

Dam :

The function of dam is to prowde a head of water to be utilised in the
water turbine. -

Though many times all high dams may be bullt solely to provuie the
necessary head to the plant. .
A dam also increases the reservoir capaclty
Forebay : The forebay serves as a regulatmg reservoir storing water
temporarily when load on the plant is reduced and providing water for
initial increase on account of i mcreasmg load during which time water in
the canal is being accelerated.~:. ™ ;‘_)

Surge tank : : o

This may be considered as anadd.ltmnal storage space near the turbine,
usually provided in high-head, medium head plants when:there is a
considerable distance between the water source a.nd turbme which -
necessitates a long penstock.

As the load on the turbine decrease or durmg load re_]ectmn by the
turbine the surge tank provides space for holdmg water )

Pen stock : It is a conduit system for ta.kmg water from the intake
works and forebay to the turbines. SR
Spillway : s ‘

This may be considered a sort of safety valve for adam.

A spillway serves to discharge excess in the reservoir beyond the full
permissible level.

Y—-‘ §

Power house :

Itis generally located at the foot of the dam and near the storage reservoir.

Ifthe power house is near the dam, the loss ofhead due to frictionin the
penstock would be less.

Prime mover :

The purpose of prime mover is to convert kinetic energy of water into
mechanical energy.

Commonly used prime movers are Pelton wheel, Francis, Kaplan and
propeller turbines.
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Que 1.5. l A hydro-electric power station has a reservoir of area
2.4 square kilometres and capacity 5 x 10% m3. The effective head of
water is 100 metres. The penstock, turbine and generation efficiencies
are respectively 95 %, 90 % and 85 %: ’

i.  Calculate the total electrical energy that can be generated from
the power station.

ii. Ifaload of 15,000 kW has been supplied for 3 hours, find the fall
[AKTU 2022-23, Marks 10

in reservoir level.

Answer I

1. Given : Area of reservoir = 2.4 km2, Volume of reservoir
=5 x 106 m3, Head of water (H) = 100 m, Penstock efficiency = 95 %,
Turbine efficiency = 90 %, Generation efficiency = 85 %. S

_ToFind: i Totalelectrical energy that canbe generated.
ii. Fall in reservoir level.

1. Weight of water available,
W = Volume of reservoir x Weight of 1 m3 of water

= 5 x 108 x 1000
=5x10°kg
=5x10°x9.81N

2. Overall efficiency,

Ngveran = 0-95 x 0.9 x 0.85

= 0.726

3. Electrical energy that can be generated,
= WxH X Mgy
= (5 x 109 9.81) x (100) x (0.726) watt-sec

=" 5 x10° x 9.81 x 100 x 0.726
1000 x 3600

= 989175 kWh

kWh

1. Letx metres be the fall in reservoir level in 3 hours.

2. Average discharge/sec = “rea of Teservoir x x

3% 3600
_ 2.4x10°% xx 299 3
= T3x3600. - 222Zm

Power Generation .

|
|
!
!
{
!
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3. Weight of water available/sec, W =222.2x x 1000 x 9.81
=21.8cx 10°N

4. Average power produced = W x H X Ngyeran
= (21.8x x 10°) x 100 x (0.726) w
=15.84x x 107 W
= 15.84x x 10* kW

But kW produced = 15000 (given)
15.84x x 10* = 15000

x= 15000 40947 m
15.84 x 10°
x =9.47cm

5. Therefore, the level of reservoir will fall by 9‘."4’77»-,cm K

Que 1.6. IGive the layout of themalvpdrﬁz:e’r‘ plant and explain its

components in details. -+ “[ARTU 2023-24, Marks 10
: OR ., .

With a neat sketch explain the function of main parts of thermal

power plant. ©~ [AETU 2020-21, Marks 10|

Answer I

A. Layout of thermal power plant :

D Coal . !
b cmm'ney i Y

Coal
handling
plant

Low pressure
heater

Circulating
water pump

Fig. 1.6.1. Layout of a thermal power plant. |
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B. Components of thermal power plant (Functions of main parts .

of thermal power plant) :
1. Coal storage : A designated area for storing coal before processing.

2. Coal handling plant : Manages coal delivery, crushing, and conveying
to the boiler.

3. Boiler : Burns coal to generate steam from water.

4. Turbine : Converts steam energy into mechanical energy.

5. Generator : Converts mechanical energy from the turbine into electrical
energy.

- Condenser : Condenses exhaust steam from the turbine into water.

" Cooling tower : Dissipates waste heat from the condenser to the
atmosphere.

8. Pumps: Circulate water and steam within the plant.
9.

10.
11.
12.
13.

S\iperheater : Heats steam above its saturation point for efficiency.
Economiser : Preheats feedwater using residual heat from flue gases.
Air pre-heater : Warms incoming air to improve combustion efficiency:
Chimney : Expels flue gases safely into the atmosphere.

Ash handling system : Manages the removal and transport of ash
produced from coal combustion.

14. Ash storage : Stores ash residues safely before disposal or recycling.

Que 1.7. | With neat sketch, describe the nuclear power plant.

AKTU 2020-21, Marks 10
Answer I .

1. Anuclear power plant is a complex facility designed to generate electricity
using nuclear reactions, typically involving the fission of uranium atoms,
which release a significant amount of heat.

This heat is used to produce steam from water, which drives turbines
connected to generators to produce electrical power.

The basic components of a nuclear power plant are :

Nuclear fuel : The plant uses uranium fuel, typically in the form of

pellets, as a source of energy. Uranium atoms undergo controlled fission,
releasing a significant amount of heat.

Nuclear reactor : This is the core of the plant where nuclear reactions
occur. Control rods are inserted or withdrawn to regulate the rate of
fission, maintaining a controlled chain reaction.

Fission process : Uranium nuclei split into smaller fragments during
fission, releasing a substantial amount of heat energy along with
neutrons that can trigger further fission reactions.

}

&

1
2
:
4
:|
&

e
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Hot reactor coolant Hot working
# T Fluid
5 Heat
E exchanger
3]
I3
‘ >
. C‘;(I_d Condenser
Cold reactor working |
N g Pum
Coolant Fluid ‘—\) P
Pump %
[ Fig: 1717 :

iv. Heat generation : The heat produced from fission reactions is absorbed
by a coolant (often water), which circulates thr9ugh the reactor core,
carrying away the heat. e §

v. Steam generation : The hot coolant is used to heat water, creating

steam. This steam is under high pressure and is directed to a steam
turbine. F g

vi. Turbine and generator : The steam drives a turbine, causing it to
spin. The turbine is connected to a generator, and the mechmjx‘ical"exiergy

from the turbine’s motion is converted into electrical t?_né@'gy; il

vii. Cooling systems ; After passing through the turbine;the steam is
condensed back into water using cooling systems. This condensed water
is then re-circulated back into the reactor core to repea_t)the process.

Que 1.8. I Explain in detail the nuclear reaction theory and
working principle of a nuclear power station with plant layout. -

. | AKTU 2022-23, Marks 10|

Answer I - ' Y '

A. Nuclear reaction theory :
1

The nuclear reaction theory is the study of the changes in the nucleus of
an atom that occur during a nuclear reaction.

2. Itinvolves the study of the forces that hold the nucleus together, the
properties of various particles that make up the nucleus, and the
interaction between these particles.

3. The nuclear reaction theory involves the use of mathematical models
and experimental data to predict the behavior of nuclej during a nuclear
reaction.

4.

The models used in the theory take into acco

particles that make up the nucleus, as well
together.

unt the properties of the
as the forces that hold them
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: reactions: fusion and fission.

5. There are two main types of nuclear reacti

a. Nuclear fusion: o ) B )

1 Fusion reactions involve the combination of two light nuclei into a heavier
nucleus. ) .

2. This type of reaction occurs naturally in the sun and other stars,dwhere

- thehint.ense heat and pressure in the core of the star cause hydrogen
nuclei to fuse into helium.

b. Nuclear fission : .

1 Fission reactions, on the other hand, involve the splitting of a heavy
nucleus into two or more smaller nuclei. i,

2. Thistype of reaction is used in nuclear power plants and nuclear weapons.

3. Fission reactions can be initiated by bombarding a heavy nucleus yvif,h a
neutron, which causes the nucleus to become unstable and split into
two or more smaller nuclei, releasing energy in the process.

B. Working principle of nuclear power pla;ut :

1. A nuclear power station operates on nuclear fission, where fuel rods
(uranium-235 or plutonium-239) in the reactor core split atoms to release
heat. :

2. This heat converts water into steam in the steam generator: "I‘he steam
drives a turbine connected to a generator, producing electricity.

3. Post-turbine, the steam is condensed back into water and. recycled.
Safety is ensured with control rods regulating fission and multiple safety
systems.

C.

Nuclear power plant layout : Refer Q. 1.7, Page 1-8B, Unit-1.

PART-4

Concept of Cogeneration, Combined Heat and
Power, and Captive Power Plants.

Que 1.9. l Discuss about the concept of cogeneration (Combined
heat and power).

Answer ]

1

N

Cogeneration, or Combined Heat and Power (CHP), is an energy-efficient
technology that produces electricity and useful heat simultaneously
from a single fuel source.

Unlike traditional power plants, which waste a significant amount of
energy as heat, cogeneration systems capture and utilize this heat,

achieving overall efficiencies of 60-80% compared to the 30-40% efficiency
of conventional plants.

AP ALA L :

Power System - I
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3.

4.

o

Cogeneration can use various fuels, including natural gas, biomass, and
waste heat from industrial processes.

It is commonly used in industrial facilities, commercial buildings, and
residential complexes where both electricity and thermal energy are
needed.

The primary advantage of cogeneration is its ability to significantly reduce

fuel consumption and lower energy costs, while also cutting greenhouse
gas emissions.

Que 1.10. l Discuss the captive power plants.

Answer- l ' )

1

W N

A captive powei‘ plant is a facility that pr

ovides a localised source of
power to an energy user.

These are typically industrial facilities, large offices or data centres.

The plants may operate in grid parallel mode with the ability to export
surplus power to the local electricity distribution network. Alternatively

they may have the ability to operate in‘island mode, i.e., independently
of the local electricity distribution system.

Captive power plants are a form of distributed generation, géher_ating
power close to the source of use. Distributed generation facilities: the
high fuel efficiency along with minimising losses associated with'the
transmission of electricity from centralised power plants,:~ .

PART-5 |

SPV Generation at Household Level.

Que 1.11. I Discuss about the SPV generation at household level.

Answer

1

[

Solar Photovoltaic (SPV) generation at the household level involves

installing solar panels on rooftops to generate electricity for personal
use.

The system includes solar panels that convert sunlight into direct current
(DC) electricity, an inverter that converts DC to alternating current
(AC) for household appliances, and optionally,

abattery storage system
to store excess energy for later use.

Households can also benefit from net meteri'ng, which allows them to
sell surplus electricity back to the grid.

This approach reduces reliance on grid power, lowers electricity bills,
and supports environmental sustainability by harnessing renewable
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energy. Although initial setup costs can be high, long-term savingg ang
incentives can make SPV generation economically beneficial.

PART-6 s

Basic Structure of Snian; Grzd

Que 1.12. ! Draw the basic structure of smart grid.

[

- Answer |

1.

A smart grid is an electric network that uses dlgltal and other advanced
technologies to supervise and manage the transport of electricity from
all generation sources to meet the unstable electricity demands of
end-users (consumers). S

Smart grid manages the needs and capablhtles of all generations, grid
operations, consumers and electricity market stakeholders to operate
all parts of the system as professionally as possible, reducing costs and
environmental impacts while increasing system reliability, ﬂex1b111ty
and sta.blhty

(] \ ]
WAN §
‘ v

i Home .
| transmission monitoring area

(DVDC) ; network
A

TN *
Advanced metering -SCADA
infrastructure

Fig. 1.12.1. Block diagram of smart grid.

PART-7

Communication and IT Components In Power System.

:Que 1.13. ] Discuss about communication and IT components in
power system.

b=
d Power System - I 1-13 B (EN-Sem-5) ‘

Answer l

A. Communication components :

1. SCADA systems : Enable real-time monitoring and control o_f the power
grid by transmitting data between control centers and remote sites,
allowing operators to manage and respond to grid conditions.

2. Advanced Metering Infrastructure (AMI) : Facilitates two-way
communication between utilities and consumers, providing real-time
data on electricity usage and enabling efficient bllhng and demand
response.

3. Communication networks : Include fiber optics and
that support data exchange and control signals. across the grid, ensuring
reliable connectivity between various gﬂd comp nent

B. IT components: i

1. Energy Management Systems (EMS) Optlmlze generation and
transmission operations using real-time data and advanced algorithms
to balance supply and demand efﬁclently

2. Distribution Management Systems (DMS) : Improve local grid
reliability and efficiency by automatmg functions like outage
management and voltage control. - P

3. Data Analytics Platforms : Process and analyze vast amounts of g'nd
data to support predictive maintenance, operatlonal opt' i
decision-making. :

PART-8

Load Curve, Load Duration Curve, Concept of Connected Load, Maxzmum :
Demand, Average Load, Demand Factor, Load Factor, Diversity Factor, S
Capacity Factor, Utilization Factor, Plant Use Factor, "5 :

Installed Capacity, Reserves. ol

Que 1.14, ] Define the terms:

i. Load curve ii. Load duration curve
iii. Connected load iv. Maximum demand
v. Average demand vi. Demand factor

vii. Load factor viii. Diversity factor

ix. Utilization factor x%. Plant use factor

xi. Installed capacity xii. Reserves capacity.

i. Load curve:

Load curve is a graphical representation between load and time where
the load in kW or (MW) and the time in hours. It shows the variation of
load on the power station.
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Peak

Average load

load

Base load
v

Power demand (kW)—>

Time (hours)—>
Fig. 1.14.1. Load curve.
ii. Load duration curve : A load duration curve represents re-

arrangements of all the load elements of chronological load curve in
order of descending magnitude. This curve is derived from the

chronological load curve.
iii. Connected load : Connected load is the sum of continuous ratings of
all loads connected to the system.

iv. Maximum demand : The maximum demand of an installation or systfam
is the greatest of all demands which have occurred during the specific

period of time.

v. Average demand :It isthe ratio of energy consumed in a given period
of the time in hours.

Energy consumed in a given period
Hours in that time period

vi. bemand factor (DF) : The demand factor is the ratio of the actual
maximum demand of the system to the total connected load of the system.

Average load =

4 Maximum demand
" Total connected load

DF

vii. Load factor : Load factor of a system is the ratio of the average load
over a given period of the time to the maximum demand (peak load)
occurring in that period.

Load factor 2 w
Peak load

viii. Diversity factor (Fy,) : Diversity factor is the ratio of the sum of the
individual maximum demands of the various subdivisions of a system to
the maximum demand of the whole system.

PP b b

Power System - 1 1-15 B (EN-Sem-5)
Diversity factor
(F.)a Sum of individual maximum demands
D/ =

Coincident maximum demand of the whole system

ix. Utilization factor (F,) : It is the ratio of maximum demand of a system
to the rated capacity of the system.

4 Maximum demand ‘i
“  Rated system capacity

x. Plantuse factor : Plant use factor is the ratio of kWhgenerated to the
product of plant capacity and the number of hours for which the plant
was in operation. GG, W
Plant use factor = Actual energy producedkl(pla\‘nt"“ apacity * plant
operation time in hours) ¢ s

xi. Installed capacity : Installed capacity. pf a'power system represents
the maximum capacity that the'systemis:designed to run at. It is also
known as “peak installed capacity” or rated capacity.

xii. Reserves capacity : It is thé difference between plant capacity and
maximum demand. E e

Reserved capacity = Plant -cap\z'icityr-'—. Maximum demand

Que 1.15. I Define and expla.m i:Be importance of the fdﬁgwﬁig terms

in generation: (i) Connected load, (ii) "Max\il'ix't'lm, {c{lzmand,
(iii) Diversity factor, (iv) Average load. IiKTU 2021-22, Marks 10

Answer l

A. Definition of the terms in generation Refer Q. 1.14, Page 1-13B,
Unit-1. TN
B. Importance of the following terms in generation :

> g

i. Connected load : Connected load helps in determining the overall
capacity and design of the power generation system, ensuring that it
can handle the total power requirements of all connected loads efficiently.

ii. Maximum load : Maximum demand is crucial for sizing generators
and power plants to meet the highest expected load during peak hours,
preventing power shortages and ensuring a reliable power supply.

iii. Diversity factor : Diversity Factor helps in optimizing the sizing of
generation and distribution equipment, as it accounts for the fact that
not all loads operate at their maximum capacity simultaneously.

iv. Average load : Average load is essential for planning the daily
operational schedule and sizing the power generation capacity to meet
the average power demand, ensuring an efficient and cost-effective
power supply.

1
|
|
{
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Que 1.16. lA generating station has a connected load of'450 Mw .f;% ;
and a maximum demand of 250 MW; the unit generated being 4

Power System - I 1-17 B (EN-Sem-5)

2. Average demand
=35x0.50=17.5 MW

Calculate the demand factor and load factor,
[AKTU 202021, Marks 10]

615 x 10° per annum. 3. Plant capacity factor

_ Average demand

Plant capacity
Answer B
e o . _ 1750 _
mum d’e/man’dv= 250 MW,: Unit 4. Plant capacity e 21.875 MW .

" Given: Connectedload =450 MW, Maxi
generated/Annum = 615 x 108 % ‘
_ To Find : Demand factor, Logd factor.: & : 8 - 91.875-35
. Maximum demand _ 250 - _13.12MW
L Damand fwor = Connected load - T450 0.55 ii. The daily energy produced : ‘
: : Daily energy produced = Average enc/land x 247
= 17.5 x 24 = 420 MWh
jii. Maximum energy that could be produced :

"i ; 5. Reserve capacity of plant = Plant capacity — Maxunuin mand
; o

Units generated per annum in (kWh)
Hours in a year

2. Average demand =

6
_ 616x10° _ 70905.47 kW
8760

Average demand _ 7020547 _ g
Maximum demand 250 x 10°

_ Actual éﬁér%y produced in a day
s i.Plant use factor

: _‘_“0.62 =677.41 MWh/day

5 Load factor =

Que 1.18. | A plant having daily energy produ

Que 1.17. IA generating station has a maximum demand of 35 MW,

a load factor of 50 %, a plant capacity factor of 80 % and.a.\ plant use c :
factor of 62 %. Find (i) the reserve capacity of the plant (ii) the daily is 1296 MWhr and 50 % respectively. Calculat"s:f'\he o imum rating

energy produced and (iii) Maximum energy that could be produced & - # —
Qaily if the plant while running as per schedule, were fully loaded. of the power plant. P l AKTU 2022-23, Marks 10 |

[AKTU 2021-22, Marks 10 AT |
Answer I \ Given : Actual energ& productmn: 1296MWhr, Plant factor = 50 % .
To Find : Maximum rating of the plant;

io and plant factor

Given : Maximum demand = 35 MW, Load factor =50 %, Plant capacitj
factor = 80 %, Plant use factor = 62 % i
To Find : Reserve capacity, Daily energy produced,-Maximum energy | L

Actual energy produced in time 24 hours
Maximum rating of the plant x 24

Plant factor =

that could be produced daily. g | .
e | 2. Maximum rating of the plant
i. The reserve capacity of the plant : |
pacity p. _ Actual energy produced in time 24 hours
1 Load factor = Average demand { Plant factor x 24

Maximum demand |

_ Average demand

0.5
35 |
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1296 x10°
0.50 x 24

=108 x 106 W
= 108 MW

Que 1.19. ,A generating station has the following daily load cycle :

6-10 | 10-12 ’ 12-16 [ 16-20 ] 20-247

Time (Hours) | 0-6
60 [ 50 ] 70 ! 407

Load (MW) ‘40 50

Draw the load curve and find

i

iii. Average load

iv.

Maximum demand
Units generated per day

Load factor. AKTU 2023-24, Marks 10 |

Answer l

i

Maximum demand, MD = 70 MW

Units generated during 24 hours
=70 x4+ 60(6 —4) + 50(14 — 6) + 40(24 — 14)

= 280 + 120 + 400 + 400
= 1200 MWh or 12 x 10°kWh

MD =70 MW

12 16 20 24

i 8
Time in hours —»
Fig. 1.19.1. Load curve.

Power Generau;i(,n -

Power System - I 1-19 B (EN-Sem-5)

iii. Average load _ Enegy generated in MWh during the day
24

1200
24

=50 MW

. Average load 50
. Load factor === F o2
v, Maximum demand ~ 70 0.7140r 71.4 %

PART-9

Role of Load Diversity in Power System Economy, Load Sharmg
between Base Load and Peak Load. . . Lte: :

Que 1.20. l What is load d.wersxty ? Also explam the role of load
diversity in power system economy

Answer l

A. Load diversity : Load diversity in a power system refers to the va.natlon
in electricity demand across different consumers and sectors over time.
It plays a crucial role in optimizing the economlc efﬁuency of power

systems.
Role of load diversity in power system economy iy

Reduces the need for expensive peak power plants
Improves overall system efficiency.

Lowers operational and infrastructure costs
Enhances reliability and stability of the powér supply.

Optimizes the use of existing resources.
Supports better integration of renewable energy sources.

B B R

Que 1.21. | Discuss about load sharing between base load and peak

:

load.

Answer l

1. Load sharing between base load and peak load involves strategically
distributing electricity generation to match varying demand.

Base load refers to the continuous, stable demand met by base-load
plants (e.g., coal, nuclear) that operate efficiently at a steady output.

N
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eak load denotes temporary, high demand during specific periods,

Power GeneratiOn =

P
addressed by peaking plants

output.

(eg., gas turbines) that can quickly adjust

Base-load plants provide consistent power, while peaking plants handle =

demand spikes.
This approach optimizes overall system efficiency, reduces operational

costs, and ensures a reliable power supply, balancing the steady
generation with the ability to meet sudden increases in demand.

:RY IMPORTANT QUESTIONS
questions are velyimpoftant.‘ These questions
be asked in your SESSIONALS as wellas

' UNIVERSITY EXAMINATION.

Q. 1. What are thefcf)l'lv'entional and non conventional sources
of energy ?-Explain with examples.

ARE Refer Q. 1.3.-

Q. 2. Give the layout of hydro-electric power plant and explain

7 its components in detail.

Axisi Refer Q. 1.4.

Q.3 \‘Giiiéiihenlayout of thermal power plant and explain its
components in details.-

AnS. Refer Q. 1.6.

Q. 4. With neat sketch, describe the nuclear power plant.

Ans; Refer Q. 1.7.

Q.5. Explain in detail the nuclear reaction theory and working
principle of a nuclear power station with plant layout.

A#AS. Refer Q. 1.8.

| -
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Q.6.

ANE
Q.7.

:

Q.8.

ANs

pefine and explain the importance of the following terms
in generation: (i) Connected load (ii) Maximum demand

(iii) Diversity factor (iv) Average load.

Refer Q. 1.15.

A plant having daily energy production and plant factor is
1296 MWhr and 50 % respectively. Calculate the maximum
rating of the power plant.

Refer Q. 1.18.

What is load diversity ? Also explain the
in power system economy.

Refer Q. 1.20.

role of load diversity
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3
R . -8 | PART-1
TransmlSSI()n and nglq ne Diagram of Power System,
N L : 5 ‘of Transmission Voltage.” """
Distribution of . Cholee of e
UNIT o
Electrlc Power-l i Que 2.1. I Draw and explain single line diagram of power system.
Answer I
1. Asingle-line diagram of a power system illustrates the ﬂow of electrical
(a § \ ' power from generation to utilization.
CONTENTS 9. Ittypically includes the generating station, step-up transformers, high-
' voltage transmission lines, substations, step-down transformers,
| distribution lines, and finally, the load or utilization level.
Part-1 : Single Line Diagram of Power .........cu.... 2-2B to 2-4B | 3. The diagram simplifies complex electrical, systgms by representing
System, Choice of Transmission Voltage components and connections with smgle lmes
Part-2 : One-Line Diagram, Impedance and........ 2-4B to 2-6B
Reactance Diagram, Per Unit System
Changing the Base of Per Unit
Quantities, Advantages of Per Unit System A —?—
Part-3 : Different Kinds of Supply System ........ 2-6B to 2-18B Fig. 2.1.1. Single line representation of a typxcal power system
and The}r Comparison 4. In a single line diagram, the system components are usually drawn in
Part-4 : Configurations of Transmission .......... 2-18B to 2-21B the form of their symbols. :
Lines : Types of Conductors, Bundled t : ‘ Sy'mbol
Conductors, Resistance of Line, S.No. Components
et { 1 Motor or generator : iz ( )
Part-5 : Kelvin’s Law, Proximity Effect ............ 2-21B to 2-25B 9 Two winding transformer . : ‘ __% é_
Part-6 : Corona Effect, Factors Affecting ........ 2-25B to 2-3ZB 3. Transmission line
the Corona, Corona Power Loss, T R el d
Advantages and Disadvantages 4. Liquid (oil) circuit breaker . ——| I_‘
Part-7 : Performance of Lines : ......cocorvvrrennne. 2-32B to 2-39B 5. Air circuit breaker ——m——
Representation of Lines, Short i
Transmission Lines, Medium Length 6. Delta connection A
Lines, Nominal T and n Representations
e Y-connection, ungrounded Y
Part-8 : Long Transmission Lines, The............. 2-39B to 2-44B
Equivalent Circuit Representation i
of a Long Line, A, B, C, D Constants, i 8. Y- connection, grounded 1
\. Ferranti Effect. | :

2-1B (EN-Sem-5)
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connected to bus-1 through transformer T, generatg,
2 through transformer Ty, load A and load
transformer Ty, four synchronoyg

generator Gy
G. connected to bus-
connected to bus-3 1;hroug£1l .
motors M, to M, connected to bus
transmissilon lines TL,, TL,, TL, and TL, connected between bus 1.

2,2-3,3-4 and 4-1 respectively.

[AKTU 2021-22; Marks 10

TL,

OfE| o

Bus2
Fig.2.21.

I TL,
Bus-3 Bus-4

Bus-1

Que 2.3. | Discuss choice f}f transmission voltage in power éysl;em.

Answer '

W}ﬁle selecting an optimum transmission voltage following two factors
are to be considered :

1. Powerto bg‘t_ransmitted: If the power to be transmitted is large,
large generating and transforming units are required which reduces
the cost per kW of terminal station equipment.

2, ?mtance of transmission line : If power is transmitted over a long

istance then the cost of terminal equipments is decreased which causes
reduction in overall cost of transmission.
3. Above two te i iri
P rms can be related in an empirical formula which is as
0.5
V=55 [L 2
1.6 100
where,

V = Line voltage in kV

L = Distance of line in km

P = Power to be transmitted in kW

A standard voltage nearest to this calculated value should be selected.

2-3B (EN'Sem_s) )t

5

Que 2.2, I Draw single line diagram of a four-bus system hﬂving :

-4 through transformer T

H

i
|
|

2-4 B (EN-Sem-5)

4.

Transmission & Distribution of Electric Power-1

Following are voltages which are generally adopted :
Generation = 6.6 kV, 11kV
Primary transmission = 132 kV, 220 kV, 400 kV
Secondary transmission = 11kV, 22kV, 33 kV
Primary distribution = 11 kV, 22kV, 33kV
Secondary distribution = 440 V '

- [PART-2 |

OﬁeLLiné diavgrarr‘z,‘Impedaricevand Reactaﬁée Diagram, Per Unit
‘ System Changing the Base of Per Unit Quantities,
‘. Advantages of Per. Unit System. :

TN

Que 24. - | What do you understand_by"i;‘nped‘ :i'léé and reactance
diagram ? g Suh, e

'6R:‘ i
What is the single line diagram of power system from generating
station to utilization level 2-Obtain reactance diagram for any

[ARTU 2020-21, Marks 10]

arbitrary chosen power system. |

Answer I ) e
Single line diaéra:ﬁ‘pf power system : Réfgr Q,-21, Page 2-2B,
Unit-2. S v G

Empedanéé and reactance diagram : i

of the power system

1. Inthe impedance diagram, the different components
are replaced by their equivalent circuits.” )

2. The synchronous generator is replaced by a‘constant voltage source
behind proper impedance. B ’

3. The transformer is replaced by its equivalent circuit.

4. The transmission line is replaced by nominal n-equivalent circuit.

Fig. 2.4.1, One lir{e rt;pieseqtaiion ofa éimp!i; iﬁbw‘éx" sAysteym,;
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>
>
>
=
>

=
<
<
<

351 0

Gen I Line Gen 2 Gen 3
kv 33KV 6.2kV 62KV
LoadA

* "l‘mnsformer Ty
Load A 11kV/33kV

Transformer Ty
33 kV/6.2kV

Fig. 2.4.2. Impedan'ceudirag'rtéx'nk‘ of thepower é‘yéﬁiteﬁnil
5. This is only true for normal operation (i.e., for

can be analysed on per phase basis.

6. Inmany power system studies the synchror}oﬁs generator re'sistaf.nce, 4
resistance of transformer windings, resistance of transmission lines,
line charging and magnetizing circuits of transformer are neglected. 3

The impedance diagram then becomes the reactance diagram.

1L
T

1 213 d ]

Gen 19 < (<t < > <t
11kV * Transformer Ty Line Transformer T Gen 2 Gen 3
Load A 11kV/33kV 33kV 33kV/62kV LmdsAz kV62KkV

Fig. 2.4.3. Reactance diagram of the power system.

Que 2.5. I What do you understand by “PER UNIT SYSTEM” ?

What are the significances in power system ? And give its

advantages.

Answer I

A. Per unit system :

1 Th.e numerical per unit (pu) value of any quantity is defined as the ratio
ofits ac.tual value to another arbitrarily chosen value of quantity of the
same dimensions, assumed as the base or reference.

Actual value of quantity

: Base value of quantity
2. The following relationship holds on a per phase basis :

Per unit value =

Base volt amperes
Base voltage

Base current = (in amperes)

dh Jrimmen e U

steé&jf—Stz}te analysis) |
when both excitation and three-phase network are balanced and they

!

1
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Base voltage (in ohm)

Base current

3. Inathreephase system the base kVA may be chosen as the three phase
KVA and the base voltage as the line-to-line voltage or the base values
may be taken as the phase quantities.

4. Change of base :
(per unit impedance)

Base impedance =

new base =
(VA)ew base Y Vi e :
2 newbae 7 ldbase o (py jmpedance)
VD s BV o P RS0l

B. Significances:

1. The ordinary parameters (current, impedance,fiqtsses, etc.) vary
considerably with the variation of physical size, terminalvoltage, power
rating, etc., while the per unit parameters are independent of these
quantities over a wide range of the same type.of apparatus.

9. Per unit values provide more meaningful information.

A per unit phase quantity has thé;?samé:;xiuiherical value as the
corresponding per unit line quantity regardless of the three-phase
connection whether star or delta. . .~ -

4 The impedances of machires are specified by the manufacturers in

terms of per unit values.? £

5. The per unit impedanice refe edto either side of a single or thré€~phase
transformer is the sam & P Ny y
Advantages :. 4

1. Per unit system leads to great simplification of 3¢ networks involving
transformers: Pk,

Sl o

]

Unit values kvc'an be obtained directly by using 3¢ base quantities.

- [ PART-3

Different Kinds ”orf Supply System and. their Comﬁaﬁsaﬁ.

Que 2.6. | Classify different typééu of supply system and compare
the volume of conductor DC two wire system and 3-¢ 3-wire system.

[AKTU 2023-24, Marks 10 |
Answer |

1. In overhead system, maximum voltage between each conductor and
earth forms the basis of comparison.
2.  Maximum voltage to earth is same.
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DC Systems :

DC 2-Wire system with one conductor earthed :

Fig. 2.6.1.

Maximum voltage between conductors = v, volts
Power to be transmitted = P watts

MY 1
Load current, 1=y : :

. P 1 PR Ri= L]
Lmelosses,W=2112R1=2[V—m) Pa N 7 [ L pal ’;

. Wi 2pP 2
Area of cross section of conductor, a,; = TV
. by m

g . 4pP°1* _ K (say)
Volume of conductor material required = 2a,l = WVE say.

m

DC two-wire system with midpoint earthed :

Load current, L= p
2V
2 2
Line losses, W= 21,,2R2 =92 ( P ) R - ifL
= 2V a; 2a.V.*
: Pl
2wy,

2 72
Volume of conductor material required = 2a,l = il 025K
wv,

5> =

Henc.e vo}ume of conductor material required is one-fourth of that
required in two-wire DC system with one conductor earthed.

2-8 B (EN-Sem-5)
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jii. DC three-wire system :

.

e |

Load current, L=
Line losses, W=
g2 —— 3
87 owv,?

Assuming area of cross sec

tion of e
the outers. )

2.5P%]

Volume of conductor materlalr uired = 2.5a,0 = —— 2

Peak value of voltage between conductors = V., volts

RMS value of voltage between conductors = Vo volts

V2
Load current, I= VL - _‘/ii
T; cos ¢ Vi cos ¢
where cos ¢ is the power factor of the load
Line losses, W=2I2%R,
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( Jap \pl__ 4Pl __

e ka cos ¢J @ @iVm® cos® ¢

L A
%= WV,* cos” ¢

Volume of conductor material required

8P%pl? 2
= -2 PF = K
=200 = Wy Tcos’ ¢ cos’
-wire system with midpoint earthed :

ii. AC single-phase two

P

. " L= —r
1. Load curren 5 ﬁV,,. c0s 6

Pl
2. Line losses, ( i ) Z—l e
&85

-2[52R5 . (V2V.. cos ¢} a5 asVi® cos” ¢

P%pl LRy g

WV,.2 cos® ¢ :

stor material yeguired‘f 4
9p%pl? . 05K

WV..2cos® ¢ " cos? ¢

iii. AC single-phase three-wire system :

5=

= 2a,l ’

2-10B (EN-Sem-E? Transmission & Distribution of Electric Power-I
1. Load current, I;= VP /2 = P
7% cos & V2V, cos ¢
9. Linelosses, W=2I2R,=2 ( P, )2 pl__ P *pl
V2V, cos$) as Vi’ cos® das
Pl '

06 e
) WV,.2 cos? ¢
3. Volume of conductor material required

25P%I*  0.625K.
WV,2cos®¢  cos?

= 2.5agl =

c. Two-phase AC system :
AC two-phase four-wire system :

1.
2.
3. Line losses,
D i )z.pi; P’pl
(2V2V,, cos o) "ar 2V.larcost
R - A
77 2V,,*W cos?§

4. Volume of conductor material required
2P%I* 05K
Va2 cos? W  cos? ¢

=4da,l=
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ii. AC two-phase three-wire system :

11
P/2 P
___ e - g
1. Currentin each of outer conductors, Iy = Vi /2 cos b m o L3V cos ¢) as 3V, cos’ gas
. 2y _ . § ; ¢ _ 2P2%p] .
9. - Current in neutral wire = J(Isz +1s%) =2Is . i B ' ag= EV,,,—"'WZ_OS—ZE

Outer

N

| [Fig.268. :
" 3. Assuming current density constant, area of cross sectlon of neutral wn'e
p s

is V2 times of that of either of the outers.
So resistance of neutral wire oo .

"“2P2 12~ 05K

_Bs - pl: ' Weeos® ¢ cosz¢
\/§ \/Eas e
4. Line losses, W= 2182R8;|-'(\/§Ia)2 —\1;—3 Outer
-1 P—l(2+ﬁ)=————(2+f)
as 2Vn cos das

Pl
_—_42
%= VT e (+«/_)

5. Volume of conductor material requlred
: = 2agl+ «/_aal asl(2++/2)

j'F:g. 2 6 10.

= v, 53W"’lcos2 ) (227 A
m ’ 1. Assuming balanced load, there wﬂlbe no current in neutral wire and
Pl (J_ D K copper losses will be same as in 3-phase 3-wire system
= 2
V.7 W oos = Wo 2Pl
.d. 3-phase AC systems : ' © 3V cos” aw
i. AC 3-phase 3-wire system : 2P%pl
1. Load current per phase, I, = P/8 2P i - e
y= ——= m : 2. Taking cross section of neutral wire as half of either outer.
| E cos ¢ m - Volume of conductor material required
2. Line losses, W = 3I,2R, 4 = 3.5a,,/ = ToP" 0583
3cos? oV,.*W  cos® ¢
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undefgl‘OUDd systems.

Answer l

Inthe underground system,
the basis of comparison of v

[l

I

DC systems : .
i. DC two-wire system :

} ifig.'»iil. z

ii. DC two-wire system with midpoint earthed :

i

Fig. 2.7.2.

Volume conductor material required

i ost of conductors g
Que 2.7 l Discuss comparison of ¢ s f“!‘,,!q.

maxnnum voltage between conduct,ors formg
olume conductor material required.

The maximum voltage between two conductors is same (say, V, volts)',

Remaining calculation is same as overhead system.

Sein_s

A

et s
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.iii. DC three-wire system :

Single-phase AC systems :
i. AC single-phase two-w1re syst

F:g. .7.4. R
ii. AC smgle phase two-wire system ‘with’ mxdpomt earthed :
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_wire single-phase AC system. -

This system is the same as a 2

iii. ‘AC single-phase three-wire system :

C.

Two-phase AC systems’:

Fig. 2.7.6.

Volume of conductor material required

100P%* 25

=250,l= —5 ==

AC two-phase four-wire si'éfém : This system is equivalent to two-

wire AC system. In this case cross section area o

taken half of that of single phase two-wire AC system but fodr wires are
required in place of two wires, so the same volume of conductor material*

is required i.e., 22 3 times of that required in ¢
<. cos

systelh. =

Fig. 2.7.7.

V,2ecos” oW cos® ¢

K

f each conductor is

ase of two-wire DC

2-16B (EN-Sem-5) Transmission & Distribution of Electric Power-I

ii. AC two-phase three-wire system :
Outer o

V2
Neutral

/
| Fig.278. .
Volume of conductor material required = __2'914 K.

d. 3-phase AC systems:
i. AC three-phase three-wire system

Volume of conductor material required

e system:
% Outer

[ Fig.27.10. 10 .



3.

1. Power, P=VI v
2. Power in 220 V system
P =2201
Power in 450 V system
Py=4501,
As given, P =P,
2201 = 4501,
_ I;=2.041,
Now power loss,
W=2I%R

2-17B (EN-Somg,
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Volume of conductor material required

gy TP _LT5K
= =-=—m= 3
- =850 = T 00s oW cos® ¢
Table 2.7.1.
S. No. Systemitin i o Vi lume of conducto Ire
S : Ty s Mammumvoltage
3 - |between conductor ‘between any
F S ’a'n'd earth - - conductors
1. DC System:
i Two-wire 1
il. Two-wire with mid-point earthed| - 0.25
iii. Three-wire 0.3125
2. AC sin'gle phase system:
2
i Two-wire cos® ¢ B
i AR i 2
ii. | Two-wire with mid-point earthed|’ > s’ 9
; 2.5
iii. Three wire 05’ ¢

3. AC two-phase system :

i. ’I‘Wo-phasefaur-wire i c0s’ ¢ 5

Que 2.8. I What is the percentage saving in copper feeder if the

hne voltage in a 2-wire DC system is raised from 220V to 450 V for
the same power transmitted over the same distance and having the
same power loss ?.- :

Answer , ;

Wy =2I2R =2(2.04 R,

2-18 B (EN-Sem-6) Transmission & Distribution of Electric Power-I
= 8.32I2R,
And ' W,=2I2R,
6. Asgiven, W= W,
832I2R, = 22R,
R,
-2 =416
i ,
4 ( 1
Li_416 (R )
. 4 * Area
v 3
) 71 =4.16 (A o« Volume)
: 2 TN
7. % Saving = ( ks ?‘\
=(1-

Hard-Drawn Copper Conductor : 3

1. It is mostly. used for short lines for voltages u to 33 kV. It has high
electrical conductmty and long Tife, 347 y ¥

2. It ismost suitable for dlstnbutlon work where tappings are more. Also
hard drawn copper has high; tensxle strength

B. Aluminium Conductor Steel Remforced (ACSR):

1. ACSRis used for high voltage Imeshavmg large span and heavy weight
is to be supported.

2. Aluminium alone cannot be used for construction of long span
transmission line due tolow mechanical strength. So to make it strong
we use steel wire in the core aluminium conductors.

C. Cadmium Copper Conductor :

1. By adding cadmium to copper, the strength can be mcreased to 50
percent but the conductivity decreases by 15 percent.

2. Due to high tensile strength the longer spans of transmission line can
be erected with same sag
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This conductor is widely used in hilly areas.
Steel Cored Copper Conductor (SCC) :
In SCC a steel wire is surrounded by layers of copper strands. Stee]
core increases the tensile stren|

of conductor increases.
9. Bituminized cotton tape is used between the steel core and coppey

strands to protect conductor from the galvanic action.
Hard-Drawn Aluminium Conductor :

Ll ~ B

)

for transmission work. For a given resistance the cross-section of

aluminium is greater while weight is lesser.

9. Sohandling, transportation and erection of aluminium ‘éo'{lduétor lines
is economical. For conductor use, aluminium ‘is‘electrply_tlcally refined

and is rolled and hard drawn.

3. These conductors are used in urban areas having short transmi'ssion 1
lines with lower voltages. Corona effect is also reduced due to higher

conductor diameter. v
F. Phosphor-Bronze Conductor::
Phosphor-Bronze Conductor is stronger than copper conductor, but
has a low conductivity. Its conductivity can be improved by using
cadmium copper core. .

=

2. Itisgenerally used as a conductor material where very long spans-are -

required such as river crossings.
G. Galvanized Steel Conductor :
This conductor is used for very long spans particularly in rural areas
where load is small. These conductors have high tensile strength.
2. Galvanized steel conductor is a magnetic material having large

resistance, inductance and voltage drop. It has comparatively short
life. ’

=

Que 2.10. | What is a bundle conductor and how does the use of

bundled conductor reduce corona loss in EHV line ?

' Answer I

1. Abundled conductor is a conductor made up of two or more conductors,
called th'e sub-conductors, per phase in close proximity compared with
the spacing between phases Fig. 2.10.1.

2. A bundled conductor is the sub-conductors of a bundled conductor
separated from each other by a constant distance varying from
0.2 rp.to 0.6 m depending upon designed voltage and surrounding
conditions throughout the length of the line with the help of spacers.

the overall diameter is increased.

gth of conductor. So the overall strengt},

Due to increase in the cost of copper, the aluminium isreplacing copper

The bundled conductors have filter material or air space inside so that . |

P 4

Answer |

2-20B (EN-Sem-5) Transmission & Distribution of Electric Power-I
Pheixse A Phase B Phase C
L}
1 H 1
o Q.o Lot g,
la d »le —d o

Fig. 2.0,

4. Theuseof bl'lndled conductors per phase reduces the voltage gradient
in the vicinity of the line and thus, reduces the possibilities of the

corona discharge. *
5. Hence the bundled conductors are used on EHV transmission lines to
reduce corona loss and radio interference. P :

Que 2.11. | Explain resistance of transmissig';;i,line. Also discuss
o

effect of skin effect on effective resistance

of con ducf or.
OR e o

What is Skin effect ?

A. Resistance of transmission lin :
L

Every electric conductor;offer appp_éition to the flow of current and
this opposition is called t 2

The resistance of a;s6ﬁd‘condﬁéfor (wire) is given by

o

]

where,

1 = Length of conductor -*
~ a = Cross-sectional aréa’of con@u
y e

conductor, it is uniformly

>
3 ctor
B. 'Skineffect: ;
1. ‘When a direct/current flows:through :
distributed in a conductor. #° -
2. But when'an alternating current’passes through a conductor, it is non-
uniformly distributed in cross section of the conductor. .
3.  Due to which current density at ,tl‘lé\‘surface of conductor is higher
than the current density at the centre of the conductor. This effect is
known as skin effect.

No current flow

Current flow over the
surface

Fig. 2111



—

Power System - I

ance of conductor : »
8 ection of conductor, throl.lgh—

Skin effect on resist. :
ffect, the effective cross-s

Due to skin e duced.

which the current flows, 1s e

_ 1 Hence,skineffect increagy,
2. Since, resistance < Avea of cross-section

7

I

effective resistance of conductor.

Kelvin’s Law, Pro;imity E/ﬁ?ct',,

Que 2.12. l State and prove Kelvin’s law fo: S;z ;

transmission line. Discuss its limitatIons:‘;;{ e

.. [ARTU 202324, Marks 1]

Answer_

A.i Kelvin’s law : The most e¢onomi ,a'“rea of conductor is that for

which the total cost of tra{z‘isjuis.srio;;;irié is minimum. This is known as

Kelvin’s law.
B. Derivation : F SR .
1 Total annual cost consists of two parts : SE5n T ;
i Thefixed standing charges: The fixed charges consist of the interest -
on the capital cost of the conductor, the allowance for depreciation,
and the maintenance cost. s
ii. The running charges : The running charges consist of cost of
electrical energy wasted due to losses during operation.
2. But, the capital cost (the interest and depreciation on it) and cost of
electrical energy wasted in the line are governed by the size of the
- conductor.; & P T -
3. Theinterest and depreciation on the initial investment will be directly
proportional to the area of cross-section of the conductor.
4. The cost o.f energy loss will be inversely proportional to the conductor
cross-section.
5. Mathematically,
L Annualinterest and depreciation cost
CIOC aO!‘C1=K1a

and annual cost of energy dissipated in the line

Cyxc VaorC,= %)

where K, and K, are constants,

. and @ represent B
section of conductor, The tota] P: s the area of cross

annual cost may be given by

2-22 B (EN-Sem-5)
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CﬁCI+Cz=Kla+£

: a
For an economical design there wil] be one si i
o e B0 1ze of conductor at which
ii. - For the most economical Cross-section, the total a i

‘ k e x nnual cost is
differentiated with respect to the cross-section and the result is equated
to zero.

K,
C,=C,anda= “—:

Hence the most economical ¢ros -sectional area of the conductor is
that which makes the annual cost of energy loss equal to the annual
interest and depreciation on.the ca;

c &
Cost of energy
loss

Limitations : )
Total amount of energy losses cannot be estimated accurately due to
difference in load, load factors and future load conditions, which are
difficult to predict accurately.

Cost of energy loss is difficult to calculate because prices of conductor
material and the rates of interest are continuously changing.

Two systems having same energy demand can have different cost due"
to different energy costs.
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stvin amperes/mm?2,.

best current density ;

ine the 3600 ho ;
7] Determine in use for ursg
Que 218 head line: Tf}{l: il; l(;/kgs It has a specific resnstan
sRs. 3.

rh
a three phase oveductorcos"_ 6200 kg/m® ;ost gf e:ner ;

d > 10 9% of conductor cost 3
10-8 Q-m 2 d depreclﬂhon is =
_Interest an -

Answer -5
use = 3600 hours per YB =

Given : Line in kg p=
st 3perkg P = b

To Fmd Current densxty in‘z
l = Leng‘th of each con
o = Area of cross sect1

nductor = la x 6200 kg
= 6200 x la kg

: h conductor
3. Capitalcost of the R 3 xId% 6200

- Rs. 18600 [a

ductor’

— ¥

Volume of co:

o

+ and depreciations- >~
4. Interestanddep b0l x 10

= Rs 1860xla

5. Cupper loss per conductor

_Iz[l 73x10'6x£:|x10‘8
—sz173x10'9'§:’--m. 4

—-173x10'9x1'2 i kW

" 6. According to Kelvin’s law, the two costs should be equal for the best
current density.

1860 la = 1.73 x 109 x J2 £
a

L 10sx108 A/mm?
a

Que 2.14. | Briefly explain proximity effect,

2-24B (EN-Sem-5) Transmission & Distribution of Electric Power-1

Proxmuty effect :
1. When two or more conductors are near to each other, their magnetic
fieldinteracts and it resultsin circulating currents inside the conductor.
This effect is known as proximity effect.
9. Dueto proximity effect, the current in each conductor is redjstributed
and it flows through that part of conductor which is farthest from the
other conductors. This effect results in apparent increase in resistance
of conductor.
Proximity effect can be influenced by following factors
Size of conductor
Frequency of supply
fii. Resistivity of material
iv. Distance between conductors.

Que 2. 15. Explain difference between skm effect and prommty

effect. What is the percentage savmg in copper feeder if the line
voltage in a 2-wire DC system is raised from 220 V to 450 V for the
same power transmitted over.the same distance and having the -

20 o s

same power loss ? "2 [AKTU 2021-22, Marks 10
Answer I N .2

A. Difference: » "z’

S.No. | ‘Aspect 7' ; Skmeffect Proximity effect

1 Occu;'i:en‘ce ‘In single conductors 4 In ‘closely spaced
carrying AC current _-* |-cenductors carrying AC
£4-5] current.

2. Frequk;hé'y More pronounced at .‘More pronounced at

dependency | higher frequencxes %~ “|'lower frequencies.
3. Effect on Increases - effet;tlve Increases resistance of
resistance reeistance “of7" the | each conductor due to
conductor. ' unequal current

distribution.

4. Application -| Significant in high- | Significant in high-
frequency applications. | current, low-frequency
- | applications.

5. Importance | Less significant inpower | Can be significant in
in  power | transmissionlinésdueto | high-current power
systems lower frequencies | transmission lines with
involved. parallel conductors.
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B.

Page 2-17B, Unit-2.

Numerical : Refer Q. 2.8,

PART-6

Factors Affecting the Corona, Corona
Advantages and Disadvantages. -

Power 5
Corona Effect, it 37
Loss, ‘

Que 2.16. | What is corona 2 Discuss phenomenon of corona anq

how it is formed.

Answer l

A

B.
1

Corona : The phenomenon of violet glow, hissing noise and production
of ozone gas in an overhead transmission line is known as corona.

Phenomenon of corona :
When an alternating potential difference is applied across two conductors,
whose spacing is large in comparison with their diameters, then the
atmospheric air surrounding the conductors is subjected to electrostatic

stresses.
At low voltage thi
around the conductors.
However, when the pote
arrives when a luminous glow of violet colour app
hissing noise and production of ozone gas.

If the potential difference is raised still further, the glow and the noise
will increase until a spark-over owing to breakdown of air insulation

will take place.

Theory of corona formation :

The air around the conductor contains a number of free electrons,
When the potential is applied between the two conductors a potential
gradient is established and under its influence the electrons acquire a
uniformly increasing acceleration. '

Thus, the free electrons attain speed and these free electrons collide
with the other slow moving or neutral molecules and in the process
dislodge electron from it.

When the potential gradient reaches about 30 kV (max. value) per cm,

ere is no change in the condition of atmospheric air

ntial difference is gradually increased, a stage
ears together witha

. the velocity acquiredby the free electrons dislodge one or more electrons

fromit.
These dislodged electrons and the previous free electrons strike other

neutral molecules producing more number of electrons. When the

saturatiop point is reached the insulating property of air is destroy ed
and the air becomes conducting and corona forms.

2,26 B (EN-Sem-5)
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/7 Airwith )
‘d_ielectric strength =

7" “Conductor - /
<. surface’ _

Fig B0 e v

Corona occurs if

av,

dr < Tart

dv, &g W A
where, ar =E1e Tic potential at conductor surface =+,

ﬂ: Dfieiectric strength
dr. .- g el r
where r is a radial vector, perpendicular to go;'i&ucfbr Si.jrfgce.
If potential gradient (dVé/dr) exceeds the (i’ieiectrié‘sffength (dV Jdr),
the corona occurs.

Que 2.17. l Deduce expressi‘qi‘l's”fbr; n iri:al’cilisruptive voltage and

visual critical voltage.

Answer I Vet

Critical disruptive voltage :
Let us consider the two-wire line shown in Fig. 2.17.1,
r = Radius of line conductor
d = Distance between their centres
+ g = Charge on conductor A
— g = Charge on conductor B
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Fig. 2.17.1.

Consider point P at a distance of x metres from conductor A.

Electric field intensity at point P due to charge on conductor A = —94

E——

2megx |

acting towards B.
Electric field intensity at point P due to induced charge on conductor
==L __ acting towards B.
2ne,(d —x)
Resultant electric field intensity at point P,
q q g (15,01 )

2TEEOJC 2me (d - x) 2me, = d-x
Potential difference between conductors A and B,

1
L Jde Jan(xd )dx
-r d-
= Zq [logcx—logc(d—x)]d _nq log, —— a

0 Y
Now, since r is very small as compared tod,d-r=dand, therefore,

V= ——log i
g,

Now gradient at any point x from the centre of the conductor A is given
by

E =1 (E+L) -2 _ d
2ng,\x d-x 2ne, x(d—x)
Substltutlng for g from eq. (2 17.1) in eq. (2.17. 2) we have

..(2.17.0)

(2172

10.

11.

12.

13.

E a3 d
4 2rey d—g =
log, . x) 2log, g Hd—p)
E_= L <
and T log, 1 x(d - x) (2.17.3)
where V' is the line to neutral voltage of the system
In case of 3-phase system, .
Ve Line- to- Line voltage &
BTNRER
The potential gradient is maximum when x = r, and thls value isgivenb
y
Enax=E, =E_, = V- (2174
S—— r = Radius
When the disruptive gradlent of air is reached at'the conductor surface

Critical disruptive voltage, 3

V, = grlog. 2
e

The complete formula'b_eééﬁies

. d _
Vi = 8 8myr Iog,; .(2.17.6)

where 6 = Air density factor -

= Conductor surface COﬂdlthIf factor. .
The value of V; is known as critical dlsruptwe voltage and is defined as
the minimum phase to neutral voltage at’ whlch corona occurs.,
Visual critical voltage :

Visual critical voltage is deﬁned as the minimum phase to neutral voltage
at which glow appears all along the line conductors.

Thus the visual critical voltage is

V-‘u =8,0m, J‘[l + 0—3] log, 1 kV (rms) to neutral W(2.17.7)
Jor

where m, = Roughness factor whlch is unity for smooth conductors.

Que 2,18, Explain corona loss Give advantages and disadvantages
of corona 1oss,
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Answer l

A. Corona loss : i
1. Power wasted due to corona in lines is known as corona power losg

2. F.W. Peek’s formula for the corona loss for the single phase

equilaterally spaced 3¢ lines under fair weather conditions is given by !

Peek’s formula :

, B= %‘f(f e 25)\/1; (E, - E,)* 10 kW/lom/phase
where, P_= Corona power loss
f = Frequency of supply LG
§ = Air density factor T )
E, = Rms phase voltage (line to neutral) -
E, = Disruptive critical voltage per phase’
r = Radius of conductor 0% 5
D = Spacing or equivalent spacing between conductors
For single phase, £, oS ;

E =

n

N | =

x line vol’;age’“ &3

. For three phase, ‘

1 g S »
E = _— xline voltage

3. Peek’s formula is not accurate when losses are low and E /E, is'less

than 1.8. In that condition, we use Peterson’s formula. -

Peterson’s fqrmula 3

ETE Y o

—"D—z %107 kW/km/conductor

P)=2.1fF
: 7 log,, =
where,. . P. = Corona power loss
" f = Supply frequency in hertz
E,, = Voltage per phase (line to neutral) voltage in kV (rms)
r = Radius of conductor in metres
F = Corona loss function

D
By = 8omax Mo 7 8% In — V/phase (rms)

: r
D = Spacing
B. Advantages of corona loss :
1. Dueto corona, %he air surrounding the conductor is ionised and becomes
conducting. This increases the virtual diameter of the conductor.
2.

Corona reduces_ the effect produced by the surges and conductor i
saved from possibility of lighting. It acts as a safety device.

2-29B (EN.g,, ;
8)

e
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'wer-

Dis advantages of corona loss ;
C. [t reduces the transmission efficiency,

L The third harmonic components prodye

: - s ed due ¢
2. current non-sinusoidal. This increases th, e

0Tona make
€ corona Jogg, S the

d due to corona’chem;, :
¢ ozone gas formed emically re )
3' Znhd can cause corrosion. ¥ reacts with the conductor

Que 2.19. | Write short note on the factors affecting the “Corona”

losses: ; ey AKTU 2022-23, Marks 10

‘Explain corona effect and the factors affecting the <;)rona. Write its

disadvantages. ; AKTU 202021, Marks 10
" Factors affecting corona: _ "4

Effect of frequency : Coroné'lﬁss depends on the su
Higher the supply frequehcy, higher is the'corona loss.

2. Line voltage : The line voltage directly affects the corona and the -
corona loss. For lower line voltage corona may be absent. But for voltages
higher than disruptive voltage, corona starts. Higher the line'voltage,
higher is the coronaloss.:. Lot

=

pply frequency.

3. Atmospheric conditions : The pressure a:nq temﬁ:éiatﬁrg'ftoééther
decide the value of 3 which affects the disruptive yoltage and the corona
loss. Lower the value of §, higher is the corona and vice-versa. f

4. Size of the conductor : The coronalossis du’éctly pi“i)'ﬁgrtionalto square
root of radius of conductor. Hence, loss is more if size of conductor is more.
R SEGEs O o

5. Surface conditions : The corona depends on the surface conditions.
For rough and uneven surfaces, the value of disruptive voltage is less
and corona effect is dominant. Sirnilarly-corona loss is also more for
rough and dirty surfaces. T R4 g

6. Number of conductors per pl_l}asé": For higher voltages a single

conductor per phase produces large corona loss. Hence' bundled
conductors are used due to which self GMD of the conductor 3 increases,
“which increases the disruptive voltage, reducing coronaloss.

7. Spacing between conductors : If the spacing is made very large,
corona can be absent. ;

8. Clearance from ground : The height of the conductors from the
ground also affects the corona loss. The smaller the clearance of the
conductors from the ground, higher is the corona loss.

Corona effect : Refer Q. 2.16, Page 2-25B, Unit-2. =
Disadvantages of corona : Refer Q. 2.18, Page 2-28B, Unit-2.
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Que 220 I What are the methods of reducing corona loss ?

‘Answer I

ds of reduced corona: ‘
yfﬁtt};;esof the line : There is negligible corona }o.ss below d’sruptive
critical voltage. So if voltage is below disruptive crltlcal. voltage, there jg
no corona loss and as the line voltage goes beyond it, corona losgeg

become large. '

2. Spacing between conductors : Spacing between. the conductoyg
increases disruptive critical voltagg. But this method mcx.‘ease§ overa]]
cost of line as cross arm length got mc.reasec%. Also there is an Increagg
in voltage drop due to increase in the inductive reactance.

8. Increasing diameter of conductor : Increasing diameter of conductoy
is widely used to reduce corona loss. Diameter of conductor can b,
increased either by using Aluminum Conductor Steel Reinforceq
conductor (ACSR) or by using hollow conductor.

4. Bundled conductors :

i Presentlybundled conductors are used more often to reduce corona losg,

1

il. It consists of two or more parallel conductors grouped together having
spaces between them. Bundle acts as conductor having diameter much
larger than component conductors.

ii. Itreduces the voltage gradient thus reducing corona loss.

Que 2.21. | An overhead transmission line operates at 220 kV

- between phases at 50 Hz. The conductors are arranged in 2 5m delta
formation. Caleulate the maximum diameter of the conductor that
can be used for ne corona loss under fair weather conditions.
Assume an air dewsity factor of 0.95 and an irregularity factor of
0.85. The critical voltage is 230 kV. Alsg, find the power loss under

{ ABTU 202223, Marks 10

stormy weather conditions.

Answer I

Given : Lince voltage (V) = 220 LV, Disruptive critical voltage
(V) =,230 kV, Air density factor, (§) = 0.95, Irregularity factor,
m, = 0.85, Frequency, f = 50 Hz, Conductor spacing, D = 5 m
=500 cm

To Find : Diameter of the conductor and power loss.

1. Thedielectric strength of air,

30
&= 7 kV/em (max)
2. Disruptive critical voltage,

Sem-5) Transmission & Distribution of Electric Power.

= £,0 myrlog b
Vdo = 800 My <
230 30 $ 500
——= —=x0.95x0.85rIn- "
NERo) ;
rln@E = 7.752
r
—(Inr)] =17.752
ridn i5£10;)md error method, 7 =1.303 cm )
?f});::efore, diameter of the conductor, d = 2.606 cm
3. tormy weather conditions the disruptive critical voltage
4. Under sto : S
220
= 0.8 x 2= =106.23 kV/phse
73 phas 2
Operating voltage per phase, d p2
5. i 29 g .
=5 :
=127.017kV .
6. - The power loss under stormy.weather conditions,
P= —2? (f+25) \/% (V,, - 0.8V, ) x10° kw/hn{Phase
1.303 A
= 22 50+25) J,B— (127.02 - 106.23) x 105
=095 500 :
= 4.25 kW/km/phase »
Total power loss = 3 x 4.25 : .
L = 12.75 kW/km

PART-7

¥ 3 Y i . R T eé :

Performance of Lires : Representation of Lines, Shoit Tr_an:l?'zssm_n Lin /
3 7 i resentations. o
Medium Length Lines, Nominal T and n Represe =0 4

Que 2.:'7;2. Derive cxpression for voltage regulation and cfficiency
[ARTU 2022-23, Marks 10

for short transmission line.

—
Answer ]

L From the equivalent circuit of Fig. 2.22.1, @.22.1)
V=V -1Z (sinceI=1.=1)

where, IZ = Voltage érop :ilong the line.



Power System - I

VS
an 2.22.1. Short transmlssxon-lme model
2.  From Flg 2.22.1, we can write

= OC= (OEy +(mC)

= J(OD+DEY +(EB+ BC): ,

= V.cosd, IRP +(V,sing + I .
N 2V,IRcos¢, +2V,IX cosd; ‘+Iz.(R-2 + Xz)

2IR
V,Jl+ v cosd, +%5m¢ +——(R2+X2)

r

- [—1.+ 2(IRcos ¢,‘;- D{ s‘mrd;r)

PR+

n

because

5 1s very small when compared with the other terms

r

--(2.22.2)

‘ Fig. ‘2.22.’2. Phasor diagram,

2-34B (EN-Sem-5) Transmission g, Distribution of Elect

ﬁc POWGI‘-I
In practice, the value of higher or,

der termg of
an be neglected, and therefore we get the ap;go}(( mffiz)f e small ang
o
for

rmula for

V, = V+IRcos¢ +IXsin ¢ !

4 From Flg 2.22.2, the power factor at sendin
. OE _V,cos¢, +IR
ocT T v —

i (222,
g end is given by 23
cos ¢, = .

Regulation :

. V, -~
% Regulation = T Ve 100

A +IRcos¢, +1Xsm¢ -V
- \

_ IRcos¢, +IXsing,
$ 10

r -

X 100

0

-(2.22.4)

Efficiency :
1. Power delivered, P, =V I cos o
Line losses per phase PR

Power supplied per phase, P.= V,I ‘cos.¢ + I2R
2. The efficiency of a short tra.nsmlsswn hne

Power dehvered
Power supphed

Que 2.23. I Deduce. an expressmn for tra.nsmlssxon efﬁcxency and °

regulatlon for medmm transmission line usmg nomJ al n'-method

OR L ;\X
Derive A, B, C and D parameters for nommal T model of a medium
transmission line and draw its phasor dxagram ¢

Answer l

1. Thesteady-state voltage at the sendmg and receiving ends are expressed
in terms of voltage and current at the recelvmg end. .
: V,=AV_+BI & -(2.23.1)

I=CV, + DI,‘" _ .(2.23.2)

n%= CE 00

Fig. 2.23.1. n-equivalent circuit of medium transmission line.

————y
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S Gm_s)

Fig. 2.28.2. Phasor diagram.

2. FromFig. 2231,

Vcl = Vr X
sy Y Yo
Icl o VclE =§Vf
I=I + 1,
: Y
=L+ EV’ +(2.23.3)
V«“l = "’cl +1Z
=V_ + (I, +KV,)Z
2
Vo= 1+Y?Z) V. +Z1
V., is also equal to v, )
V= [1—( ;[zjV +ZI (2.23.9)
WAL A (2,23
3. The charging current, Is=v Y
*2
The sending-end current, I =]+7 5
c.
Y YZ 04
=1 +-Vv ( += ) —
(102
¥ Yy Y‘zZ] YZ
6 T ()
YZ
- Y(1+T)V +(1s Y?) I, .(2.235)
4. Torgencral network constantg compari
: ants, paring the eq.(2.23.
with general transmissioncircuit [ aotet G

) and eq. (2.23.5)

onstants of eq.(2.23.1) and eq, (2.23.92)

o

5,368 (EN-Sem-b) Transmission &

' YZ
i 1+22
5. The transfer matrix for the network is * 2 Z

Y(l*'YT_Z) 1+¥2
Regulation : 24

1. To calculate reg‘ulatiOI}, it is required to calculate the ng Joaq receiving-
end voltage (V") keepm'g V, as constant, The voltage at the receivin
end at no load V' is equivalent to v, G55, e 8

2. From Fig. 2.23.1, the voltage at the receiving end ;hdef'no load is ;

)
Vr’ = \ oC X

) 12
R+ jx=Jd=
K oC

% Regulation = V¢ ‘;V, x100

r

Efficiency:

Power delivered at the receiving end (P)
Power delivered at the receiving end (P)+31°R

Que 2.24, ‘ Analyze the performance of medium transmission line
(T model). Draw phasor diagram and derive relation for ABCD

Parameters, LAKTU 2023-24, Marks m

OR

D constants for the transmission line represented
section and draw its phasor diagram.

Derive the A,B,C,
by neminal 7

Answey l

The steady-state voltage at the sending and re_ceiving ends are expressed
in terms of voltage and current at the receiving end 224.1)
VAV +BI ..(2.24.

AKTU 2021-22, Marks 10

(2.24.2)
I = CV,_ + DI,

Nominal T method :
From Fig, 2.24.1,

4 ' ..(2.24.3)
V.=V + EI'



Now the sending-

1

D i
‘ <0) S
Power System- 1 . i ) bt |

he shunt &
rent thrO\lg}}:= VY

= (rV,+—Z—I»)Y

YV, + 5

end current is

I+YV, +—‘I

s g e T

Fig. 2.24.2. Phasor dlagram
and the sending-end voltage is

1]

For general transmission cirey;t Constants,
and eq. (2.24.3) with eq. (2.24 4 4 and eq, (2.9,
Y.

com Danngthee
Z
A= 1+T’=D; B= Z(1+Y42),

4.5) respectiy
C=y

. 14 g Z(l " YZ]
The tranSfer matrix for the network is| -2 4

«(2.24.6)

Y 1+Y\Z

Regulation : & 2-

Under no load condxtxon the equivalent circuit of Fy, D,

Fig. 2.24.3. °fFIg2241 is shown in
I 2 2

Atnoload, the voltage at the receiving end W ') of the transmlssxon line
is same as the voltage (V) across the admlttance whxch is located at
midpoint of the transmlsswn hne

From Fig. 2.24.3, the voltage across the capacxtor by using voltage divider
rule is

)’

e £ ML
2% ac
When the receiving end is on no load, the no-load voltage, V' =V,

% Regulation = ¥ x100

r

Efficiency :

N Power delivered at the receiving end (P.)

R
Power delivered at the receiving end (P.)+37 (I>+I?)
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Que 2.25. I Calculate the distance over which a load of 15 Mw .

0.85 pf can be delivered by a three-phase trzfnsmission line hy vin
conductors each of resistance 0.905 ohm per kilometer. The re(’eiving
end voltage is 132 kV and the loss is to be 7.5 % of the load, g

AKTU 2020-21, Marks 75
Answer l

Given : P= 15 MW, pf = 0.85, loss = 7.5 %, She e
Resistagce per kilometer = 0.905 Q, Voltage =132 kV ]
To Find : Length of the line.

1. Line current = i 16000 =T772A

J3Vcosd 3 x132x0.85

2. Total loss = L’;gg@ = 1125 kW

3. IfRis the resistance of one conductor, then
3PR=3x(77.2)>xR
1125000 = 3 x (77.2)2 x R

1125000
T 3x(77.2)

R=62.940Q
62.94

4. Length of the line = =69.55 km
0.905

PART-8 i
1
|

Lang_ Transmission Lines, The Equivalent Circuit Representation of a
Long Line, A, B, C, D Constants, Ferranti Effect.

Que 2.26. , Deduce the expression for sending end voltage and

current in terms of receivin

t in g end voltage and current for long
transmission lines.

OR
Explain rigorous method for long transmission line.

| AKTU 2023-24, Marks 10

gN-Sem-5) Transmission & Distributigy, of Electric p,
ower-]

A8

/rl i
Answesteady'stat e voltage at the sending and recejy;
e

1 s of voltage and current at the receiving Endends are expressed
" inter

V, = AV, +BI, (2.26
I,= OV, +DI, (226;
z = Series impedance Per unit, length
g Let y = Shunt admittance per unjt length
! = Length of the line
e Z =zl = Total series impedanqe of the line
Y =yl = Total shunt admittance of the Jine
consider a v ery smau element of length Ax _gt%i dis!;anc.é‘()i' x from the
3. receiving-end of the line. s B4
The voltage and current at distance x from the reééiving-end areV, I

4 and at distance x + Ax are V + AV and‘{ + Al respectively.
So, the change of voltage, AV=IzAx =
’ Ax is the impedance of the element considered.

where, 2.
AV g
Ax
AV dv
— = =1z
ax—0 Ax dx
L 1+aI L 1___
T > 1o o
1 1
I 1
1o
1 1 %
1o -
Vs V+AV I : v :
1
1 Y. g
I | e
& T T i
—>AX [ X >

Fig. 2.26.1. Equivalent singleéjavhas? ;
representation of a long transmission Iuﬂxe:.’j

5. Similarly, the change of current, A = VyAx .
where, y Ax is the admittance of element considered

Al
—_ =V
Ax &
..(2.26.4)
il ﬂ =! .d_I = Vy
6 A0 Ay dx

Differentiating the eq. (2.26.3) with respect to z, e get
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d*v _ _dl H
—(ZxT = Z'E; ".(2'26-5) {
7. Substituting the value of % from eq. (2.26.4) in eq. (2.26.5), We got
2
‘;x‘zl =zyV ~(2.26¢)
8. [Eq.(2.26.6)is a second order differential equation. The solution °fthis
equation is
V= Ael™ 4+ Be = (2267
9. Differentiating eq. (2.26.7) with respect to x, we get o
% = Afyz e -B\yz e'J’; -(2.268)
10. From eq. (2.26.3) and eq. (2.26.8) N o, 3
Iz = A\/y_z e —-B\/}; e'j‘/’;:_»
ARG
2o, Nz

11. From eq. (2.26.7),

V=Aew+Be
12. From eq. (2.26.9), 7 4
v_b.I=i—§:e"’+Z£;e"" (@261

s
where, Z_ =. [~ is known as characteristics impedance or surge
vy

iﬂpedancér andy= \[yz is known as propagation constant.
A,B,CandD parameter:

1. The constants A and B can be e{raluated by using the conditions at the
receiving end of the line. The conditions are

atx=0,V= V,andI=1

Substitute the above conditions in eq. (2.26.10) and eq. (2.26.11), we get
: V.,=A+B (2.26.12)
and L= _Zl_( A-B) (2.26.13)

2. Solving eq. (2.26.12) and eq. (2.26.13), we get

a= Y12 j4p_V.oLZ,
2 2

Transmissjon & Distribution of Elect,

242 tie Power. |
Now gubstituting the values of A
3.

and B §
v can be expressed as : 1129 (2.26.10) ang (2.26.11)

Ve V+12

V.-1z
e

ey 04
2 2

0e3 =
= V,[e -;e "‘jI+Ich|:ew—\em}
2
V=V, coshpi+ 17 sinh
= i[%e“-Mew]
2 2

-(2.26.14)
Z

c

n
<

receiving end.
4 Atx=[,V=V,andI=I /
Putting these values
expressed as «

in‘e

5. By comparison of eq. (2.26.16) and eq. (2.26,17) with gene?al transmission
circuit constant of eq. (2.26.1) and eq. (2’."26.‘2),53}3 get
A =D =coshyl, ¥ i
B =Z_ sinhyl and 4

Z .
Que 2.27. | Explain Ferranti effect.
Answer l

1 When medium or long transmission lines are operated at no-loasi or
light-load, the receiving-end voltage becomes more than & sendlgg;
end voltage. The phenomenon of rise in voltage at th‘? ey vmg-e: tl;)e
a transmission line during no load or light load condition is calle
Ferranti effect.
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2.

The charging current produces a voltage drop i‘n the series reactance of
the line. This voltage drop is in phase opposition to the receiving.End
voltage, and hence the sending-end voltage becomes smaller than 5
receiving-end voltage.

In order to determine the magnitude of voltage rise, one-half of the tota]
line capacitance will be assumed to be concentrated at t}}e receiving-enq
as shown in Fig. 2.27.1(a). The phasor diagram is shown in Fig. 2.27.1(),
R 1,=0

L D
vs
cr2 T V. L
¢ l . —p A
(a) Circuit diagram. (b) Phasor diagram
Fig. 2.27.1.
Taking receiving-end voltage as reference phasor, we have
V.=V, £0°

and is represented by phasor OA.:
Charging current ‘

I.=YV,

This is represented by pHasor OD.
The sending-end voltage
V.=V, + (R +jX})
=V, +jYV(R +jX;)
=V, -YX,V,_+jYRV,
The vector OC represents the sending-end voltage under no-load

condition and is less than the receiving-end voltage. The line resistance

is usually small as compared to the line inductive reactance. Hence, the
resistance is neglected.

Neglecting resistive drop of the line, I R, we get
Rise in voltage, V'=0C-0A

= Vs - Vr

=-YX,V, ...(2.27.1)
The negative sign in eq. (2.27.1) indicates that V, is more than V.

If C and L are the capacitance and inductance of the transmission line

per meter length, respectively and ! is the length of the line in meters,
then eq. (2.27.1) becomes,

’ Sem- : Transmissi o
14 B (EN-Semt 5) Sslon & Dlstnbution of Electrie P
Ower.|

//__G)C'l\

10.

11.

V=-

20 xoLlxV,

Ve _OCLI,
2
se of shortlines, the effect isneg] igible, but it .
iﬁ:aincrease in length of the line, Th, ltmcreasesrap idly with

. . erefore, thi
observable only in medium and long lineg, this Phenomenop i

igh voltage and EHV transmiscion 1:
For long hig mrission lines, shunt
rovided to absorl{ a Part_ of the charging current or shm;e::tms. e
VAr of the transmission line under no load or light load ccmdisamt“:e
order to prevent the over voltage on the line, £, K

Following questions are very important. These guestions
" maybe asked invyoﬁrgESS! NALS as well g -

Q.1. Draw and explain singleline diagram of powerJSysfem.
Ans. Refer Q. 2.1. a i

5
- g -

Q.2. What do you understand by “PER UNIT SYSTEM” ? What
are the significances in power system analysis ? And give
its advantages. AR

Ans. Refer Q. 2.5. P p

Q.3. Classify different types of supply syst'ém and compare t.he
volume of conductor DC two wire system and 8-¢ 3-wire
system. S

Ank. Refer Q. 2.6.

Q.4. State and prove Kelvin’s law for size of conductor for
transmission line. Discuss its limitations.
Ans: Refer Q. 2.12.

Q.5. Explain difference between skin effect and promxgltyheftigzte.
What is the percentage saving in copper feeder 5’ : 25:) .
voltage in a 2-wire DC system is raised from 22? v oce b
for the same power transmitted over the same distan:
having the same power loss ?

Ans: Refer Q. 2.15.
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Q.6. What is corona ? Discuss phenomenon of corona angq h
ow

it is formed.
ABE Refer Q. 2.16.
Q.7. Write short note on the factors affecting the “Corong»

losses.
ANE Refer Q. 2.19.

Q.8. Derive expression for voltage regulation and efficienc £
short transmission line. ¥ lor

ARS Refer Q. 2.22.

Q.9. Analyze the performance of medium tréﬁsmission line
(T model). Draw phasor diagram and derive relation for

ABCD parameters.
ANS. Refer Q. 2.24.

Q.10. Deduce the expression for sending end voltage and current
in terms of receiving end voltage and current
transmission lines. g I

AnS; Refer Q. 2.26.

Q.10. Explain Ferranti effect.
AnS; Refer Q.2.27. &

@00
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Transmission & Distribution of EIECtric P
OWE

Mechanical Design of Over Headlines : Catenary Cupy,
Calculation of Sag and Tension. A

Que 3.1.. I Explain sag. Also derive expression for sag of 5 condy,
in oirerhead transmission line when supported at equal le

at two different levels. vels apg
OR :

Deduce an expression for sag in overhead transmission lines wh

i. Supports are at equal levels en

ii. -Supports are at unequal levels.

OR :
Explain the method of calculating the sag for the same leve],

AKTU 2020-21, Marks 10

Sag : The difference in levels between point of support and the lowest
point on the conductor is called sag.

The sag is denoted by S as shown in Fig. 3.1.1.

Ao T 00 :
%t

Conductor
Fig. 3.1.1.

B. Supports at equal levels

AT I— e yp B
bX/fH/E/ 7
\T‘\ | { i

—X

iF ig. 3.1.2. Supports at equal level.
I = Span length

w = Weight per unit length of conductor

T = Tension in the conductor
S = Sag !

P.Il

Ct(]r

er Syste™ ” L

3B (EN-Sem.s)

B e coniiotie o e e

2.

e

Consider 2 pgint P on the conductor. Its
Lrigetiiein i idered so small that

ature 1S consl at curv . ‘
got:l}::rl:tra‘i projection, i.e., OP =x, then the fOrCeZd;::;ngtg}: 1: te}?:;::iﬁ
QP are:
The weight wx of the conductor acting at a distance /2 from 0,
The tension T acting at O.

Taking moments of these forces about point P, we get
Txy=wxxx/2

coordinates are x andy, taking

_ we’ a5,
I= o7 PR
The maximum sag (dip) is represented by the value of y at either of the
SupportsA and B. 9 &
At suppOI‘tA (or B), PN
=1l/2andy=S8 /.
wil | 22wl e
Sag, S= oT : = ST ‘
Supports at unequallevel: .
Let ! = Span length’ PN
h = Difference in levels between two supports
x, = Distance of support A from O j
x, = Distance of support B from O A
w = Weight per unit length of lcorrl'ductor
T = Tension yo , g
A @, 9
T /
la— x; > Xg —
-+ 1
/w .
Fig. 8.1.8. Supports at unequal levels. |
2 2
Now, §,= Y5, ands,= 22
&t (311)
Also, X +x,=1

2 2 2
S,-8, = 24 wry _ W (xl-x{)

oT 2T 2T
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= %(x2 +x,)x, — x,)
S,-8, = ;—‘;é(x2 - %)
4. But, S, *?1 =h
he ),
(xy—x)) = 37%

w
5. Addingeq. (3.1.1) and (3.1.2), we get

2x2= l+2%

After finding %, and x,, the yglygs of Syand S, can be calculateq

Que 3.2. | Explain catenéry method for finding the sag
®'5ag in 4

AKTU 2023-24, Marks 19

transmission line,

) . OR
Explain cateqalfy method for the calcul
m &

transmissjon:]

A

d¢/)
D!
P7ax
Tangent at
point P
X

dy

V

8

10.

1L

-

-1

e gystem™ 358 (EN.Sery 5,
po w = Weight per unit length

Let T = Tension at point p,
the point on the conduf:tOr such that Op
Let i be d the co-ordinates of point P are %, 7). The ec. The
o;;ia;‘enti ally at point P..

fl‘he yarious forces acting on the curve portion Op

zontal tension, H acting at O.

"€ Point 0 i
D0slon T'jg acting

of the Wire age

Hori i e . :
Weight of the portion OPwhich iswc acting vertically downwarg through
centre of gravity. ) “
Horizontal and yostical componerts oftension T,in the Conductor; e T
and T, acting at P. . % T,
In the equilibrium condition, horizontal and vertical components will
palance each other. By B
Tx =H
and
Now
tan 0 can also be written ‘;'is',:, X
dy “WC
s g H 2N
0t % H <821

. (do = (dx)? + dy)? A Y
() ALY
(dx =l dx

Substituting from equation (3.2:1) we ig"et,i 4R, ;

Now

dx ~ H
s dtcuzc2
1+ i
Integrating both sides

x = (-g) sinh™ [%) +A
A = Constant of integration

Nowatx=0je. at point O,¢c=0
hence we get A = o

where

N



12.

13.

14.

15.

mission & Distribution of Elaps...
3-6 B (EN-Sem-5) Trans eotrie Pow&.,l
H) . _,( wc)
¢ = [—|sinh™ | —
M= (w H .,_(322
Taking hyperbolic sine of both sides, 2
o [2F) = we
sinh ( H ) H
H . [wx)
= —sinh| —
c w H .'.(3'23)
From egq. (3.2.1),
& _ we
d«  H :
dy _ wl|H_ (wx):lz
dx H[wsmh H B
dy = sinh (-“;7") d@
Integrating both sides, :
H - (wx
‘ y= Ecosh (?) +B _=(3ay
where s B = Constant of integration ;
when o =¥ =0,x=0at point O
‘0= £+B
w
B = _E
w
H wx) H
- (2.
S 7).
y= g{cosh (%) —lj] ©..(3.25)

This is the required equation of

Calculation of sag (S),
length :

The tension T at any point Pis,

the catenary form of conductor.
tension (7) and conductor half span

T2 = 712+T;2=H‘2+w202

stem - 1 7B (ENSem
or SY :
Po‘v" v - H? [1 +sinh? [ﬂ)]
H

T2 = H? cosh? (%)

T = H cosh (%)
! = Half span length

supports A and B are at same level then,

. !
c= —Ii—slnh [wﬁ)

gth of curved conductor in half sp 1

and the

This is len: ) NS
Je the sag S can be obtained by puttingly =Sineq. (3.2.5).

e
;[iosh °H 1

The eq. (3.2.3) giving the arc length ¢ can be expanded as, | _

4. ¢
Cf—-i;smh T &
Hiwx uw'® ' ;];.x.‘;w’x"
= Tt N

5. In su;h approximation we can assume H o T. < 3
: ’ w? xa'. :
6T v
6. So half span length can be obtained b}"‘substituting x=1,

wl [ Wl
c= I+W=l 1+6T2

c= X+

Que 3.3. | Write a short note on the factors that affect sag.
[AKTU 2023-24, Marks 10 ’

Answer

. lines :
Several factors influence the amount of sag experienced by power

. ijameter of
Conductor material and diameter : The material = ?. g:;rguctors,
the conductor affect its weight per unit length. Heavie

L
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N

pper, or conductgyg , .

tional forces ang cm‘]':‘thl
> *Ongg

such as those made of aluminum or co
diameters, experience greater gravita
greater sag.

2. Temperature : Temperature fluctuations cause eXpay: :

contraction of the conductor, affecting its length. Higher te sl
cause the conductor to expand, increasing sag, while lower
cause contraction, reducing sag.
Tension : The tension applied to the con
tension levels reduce sag by counteracti
lower tension levels increase sag.

4. Span length : The distance between sup

directly impacts sag. Longer spans result
spans lead to less sag.

5. Wind and ice loading : Wind and ice'load
power lines, affecting sag. Strong winds can
altering its position and increaéipgl_,sa y

6. Temperature of surrounding environment :Ambient tempery
influences the conductor’s temperature and, consequently, jtg g5 e
ambient temperatures contribute to ther:

. 8. High,
t ont; mal expansion and increieé
sag, while lower tempgratures result in contraction and re

ductor affectg its g ;
ng g‘ravitational fOI‘Ce-s gher
) Whe

port structur

S exert latery) fo
2% : Tee,
push the conduyctg, Sidewsa;:

duced sag,

= 5000 kg, Span, L = 300 m, Weigﬁf of
2=90m i

en the conductor and the water level midway

The difference in height of tower,
h=90-30=g0 m
2. Distance between the shorter Support and lower point on conductor,
%y = £_&=3ﬂ_2000x60

2 wL 2 1x300
150 - 400

% =-150m

/]

= €S (s i
in greater. sag;:v;fﬂa: ;iﬁgrzl) ‘

i

|
‘77111]Q r

ong
x2=‘+%=\+2000>‘60 =
1x309
= 150 + 409
=550m
Sag with respect to the lower Support,
4. ’
2
D, = %8 _1x(-150
1 2x3000" 5
= 5.625m PO
5. Clearance between the water leye] and the lower pomtofthe
: = 30-5625=2437,4 0, 0 Conductor
Distance from the midpoint betweey, the Eivq:‘cowé\ i ;
% ofthe conductor, S o the lower poiyy

x =150 + 150’

2x 2000 225

8. Clearance betwéeg_th‘eﬁét‘er an
conductors - S

d conductor'at midﬁm

= 24374205
=46.87Tm

Que 3.5. | An overhead line; has a Sjw

£ 2 4)" . .
conductor weights 0.7 kg pei-"."n;xqt‘erLC lculate the maximum sag if
allowable tension in the line is 1,400 kg} Prove formula used.

m et

Given : 1 = 200 m, u = 0.7 kg per meter,
t.. ToFind : Maximum sag,S.

2 0.7x200x 200
Maximum sag, s= 2L _

ST Bx1400

| PART-2

— Effetsof Wind and e Loodin
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Que 3.6 | Discuss the effect of atmospheric condition on

transmission line.

Answer l

Effect of atmospheric con
Effect of Ice coating: ; s .
When the transmission line is coated with ice, the thickness and size ¢ ¢
the conductor increases. This thickness depends on the weather

conditions.
9. This causes increase
increases the vertical sag. 3 ) .
The weight of ice acts vertically downwards, in the same direction as
that of the conductor. ‘ ‘ |
4 : Consider a conductor with diameter d.Itis coated with ice thickness ¢ ag
: shown in Fig.-3.6.1. Hence the ‘overall diameter of the coated conductor

isD.

dition on transmission line :

ol

in weight of the conductor; increase in weight

Fig. 3.6.1. Ice coated conductor.

D=d+2t
and the area of the coated conductor is
= Ipe
4
5. Area of the ice covering,
A=Lipr-a?)
4

6. The density of ice is 915 kg/m®. Hence the total weight of ice can be
obtained as,
w; = 915><§[D2 —d? kg/m

= Weight of ice per unit length

i
or Sys2 , 3-11B (EN.-Sem 5)

= 915x '} d+2t2 - g2

915xg[d2+4dt+4t2_d2]

915 x m [dt + %]
w; = 9157 (d + t) kg/m
Effect of wind pressure :

B. i ows horizontally.and hence t i
1 g;edll;i ifslcon.sidfared to be %?cting perpend};:mtl:;g: ii‘:&i;férfhe
) T dstsviod sl right et ettt
A,
R :Con&g&'ér
£ oW
Wind —__ “ae :
force
\
) y
Fig. 8.6.2. Direction of vbihd:forc'e.i ' o
3. 'The wind force w,, can be obtained as, ¢ '," & 4 g
w,, = Wind force per unit length in kgﬁn g
= Wind pressure per unit area x Pfojécted surface
area per unit length )
= Wind pressure x [(d + 2) % 1]
3 w,, = Pld +2t] d N
where, P = Wind pressure in kg/m?
d = Diameter of conductor
¢ En . t = Thickness ofice coating if exists
. ect of ice and wind :
L Let w = Weight of conductor itself acting vertically
downward
w, = Weight of ice acting vertically downward
9 w,, = Wind force acting horizontally

He
o;il;e the total force acting on the conductor is vector sum of the
ontaland vertical forces as shown in Fig. 3.6.3.
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Wi

{Fig. 363

w, = Total weight acting on co‘n_duct‘or‘ .

E - ’(w+wl)2+(ww)? .- 3%

The sag direction is at an angle 6 mfaa..sured with respect to vertical,
Hence the sag is called slant sag. Thls is calculated by the expressioy

considering the total weight w,. )

wll

8T

The conductor édjusts itselfin a plane which is at an angle 6 with respect
to vertical; the angle is given by,

Slant sag, S =

' jtang= e
i Lwtw)

As slant sagS is tiie direction of an angle 0 with respect to vertical, the
vertical sag is cosine component of slant sag S,
Vertical sag = S cos 6

Que 3‘7 l Explain the calculation procedure of maximum sag of a
transmission line at equal supports including wind pressure loading.

A

B.

{Answer

[AKTU 2022-23, Marks 10]

Maximum sag of a transmission line at equal supports:
Refer Q. 3.1, Page 3-2B, Unit-3.

Effect of wind pressure loading on sag : Refer Q. 3.6, Page 3-10B,
Unit-3.

The total effective weight,

— 2 2
w,= ,}w +Ww,

So the sag of transmission line at equal supports including wind pressuré
loading is,

S=

8T ;
An overhead line has the fOHOWing dite’

tem - I
power Sys ) 3-13B (EN-Sem.5
wl?

Q“{&B.’] tre ductor di
h 160 metres, conductor dia 0,95 cm, v

anlengt : ight i
SPta;:e conductor20.65 kg‘/metre. Ultimate stress fgs(}) irumtz length
of 40 kg/m?® of projected area. Factorof glem?, wing

pressure afety 5. Calculate the
‘sage ARTU 2022'23: Marks 19

7 Given : Span length (/) = 160 m, Diameter (d) 2005 B
! Weight per unit length of conductor = 0,65, e 5 cm, :
. Ultimate stress = 4250 kg/em?, Wind pressure = 40 kg2,
- Factor of safety =5. : s s

. ToFind: Sag (S).
o Ultimate s&éss 2
Factor of safety. :

_ 4250

= —2—=850 kg/om?

1 The working stress =

2. The area of section of the conductor = T g2
2% &

= gx (0.95)2

_ = 0.7084 cm? 2y,
3. The wind pressure per unit length of conductor
= 40%095x102
= 0.38 kg/cm
The weight of conductor per unit length = 0.65 kg/m
The total effective weight,

W= [0.657 + (0.38)

= 0.7529 kg/m
6. .
Working tension,
T = 850 x 0.7084
= 602.5kg
A
co T_6025 .

T W 0.7529
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Sag Template,Vibr(xé{i@z_zfl_):?mé‘e'f?:‘ -

S=

Que 3.9. ! Explain sag template and itfs use. .

Answer I

1. Sagtemplateisa
line to determine :
For locating the tower positions, for normal spans and for standarg
towers, the sag and the natu.re'qf\conductor curve are ca.!culated under
expected load condition and plo!:'ged on a thin stiff plastic sheet such 5

graph s called sag template; o

convenient device used in the design ofa transmissioy
the location and height of tower. -

Hot curve*
Ground clearance
line « . -
‘Support foot
curve -
Tower

Profile
St

4 Fig. 3.9.1. Sag template.
3. The curves which are marked on it are :

i. Location of support (tower) or Hot curve It gives
by plotting sags at maximum temperature ‘against span lengths. IL&Y

:These curves are obtained
ance.

us the location of supports to maintain proper ground clear

ii. Ground clearance curve : This curve is below il
parallel to the hot curve and at a vertical distance eCl‘fal to gr
clearance as prescribed by the regulations for the given line.

iii. Support foot curve or tower curve: It is drawn to locate

ar
of support for tower lines. It shows height from the base of stan
support to the point of attachment of the lowest conductor:

e X

the positi |

hot curve. It is drawd |

i
‘
!
i
§

power gystem ” I ‘ . 3-15B (EN-Sem.5)
jift curve or cold curve: These are obtained by ployiy, o sagsat

... Up ature without ice or wind }
ivo % . um temper Wind loading agajngt
?h“;e are drawn to check whether uplift of conduci,rs 0:5:; lzilgth.
any
3 support- .
Use of sag template :
4 For correct design and economy.
." Ltis used to allocate the position and height of the Support correctly o
o the proﬁle‘ ’ 3

Que 3'1:0: What do you understand by Vibration dampers in
- head transmission line ? Describe the different type - s of dampers

{;ver
used. AKT_U 2021-22, Marks 10
ifAnsWe'rA I ; Fdeh g

A Vibration dampers :

Vibration dampers are devices used in overhead transmission lines to

L p Lin o
control and mitigate the effects of wind-induced vibrations,

9. These vibrations, often caused by the interaction between the conductors
and the wind, can lead to fatig'qe and damage in the conductors and
supporting structures. - . . ; 4%

3. Vibration dampers are dgsig‘ned to absorb, dissipate;';)f dlsrupt these .
vibrations, reducing stress on the components and extending the lifespan
of the transmission line. Ao, ERELY

B. Types of vibration dampers : There arc several types of vibration
dampers used in overhead transmission lines

L. Stockbridge damper : This is one of the most common types of vibration
dampers. It consists of two counterweights connected to a central spacer
bar.. The damper is attached to the conductor, and its counterweights
oscillate out of phase with the conductor’s motion, effectively reducing
the amplitude of vibrations.

% Spacer damper : Spacer dampers are installed between adjacent
CondUQtOI's to maintain a specific separation distance. They help prevent
ﬁ:l,lf’pmg, a form of conductor vibration where the conductors move in
amllson due to the wind’s force. Spacer dampers offer a more controlled

stable arrangement of conductors.

gz:lllt i-ganoPi"g damper : This type of damper is designed to suppress
COm‘Ll?lng .V‘bmtions in bundled conductors. It typically consists of a
'nation of weights and dampening materials that introduce

controlled v : gint ;
oscillations_wbratlons that oppose and counteract galloping induce
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4.

" can be tuned to match specific frequencies of vibration.

. J : Twisted spacer dampers combine the
isted spacer damper : Twis : ofog
c’ff\':l:acer?nd stockbridge dampers. They are desxgned to re duce
overall dynamic response of the conductor system to Wind-indu
vibrations. ) .
. S are more comp) )
Tuned mass damper : Tuned mass amper Plexdey;
that ?nvolve amass suspended by springs and dal_npers, They hre uces
for larger spans and higher wind loads, where their dynamic Prope

€3
the
ceq

Seq
rﬁes

e | PART-4 | S
, Oberhedd Line Insulators : Type of Insulator. /
~ ° and their Applications. s

Explain different type of insulator.

Pin type insulator :_
Pin-type insulators are mounted on a pin on the cross-arm of a
transmission or distribution pole. They are usually made from materials
like porcelain, glass, or composite polymers. :

They are designed to support conductors on overhead lines and are
attached to the pole by a metal pin that runs through the insulator,

/ The shape of the insulator is such that it increases the length of the
“leakage path to prevent flashover.

Suspension insulator :

Suspension insulators consist of 2 number of insulator discs connected
in series by metal fittings, forming a string that "suspends" the conductor
below the pole.

Each disc is made of glass or porcelain, and the entire string supports
high-voltage conductors in overhead transmission lines.

Multiple discs are added to increase the voltage rating of the insulator
string, '

Strain insulator ;

Strain insulators are used where conductors experience high tensios,
such as at the ends of transmission lines or at sharp corners.

They are typically composed of multiple suspension insulator di

connected in series or may be designed in a specialized form to withs
high mechanical stress.

4

i

-1

oo or Syste™ _ ' e B(EN-Sem.s)
psulator's design ensures that it cap handle ¢,

Thertie dby the conductors while also Providin
;I:ackle insulator :

: also known as spog]

e insulators (2 Pool insulators) g
Shl::; distribution lines. They are eithey mounteq direcetll}l'sc::l;i mllow.
vo’th the help of a cross-arm. ‘ Poles or
wl

..ally made of porcelain or composite materials, t, ; .
?:;Zajgth grooves that hold the conductors, ¥ arecircular iy
s
Their design allows them to be mounteq i a horizont
posltlon : . R
Stay insulator (Guy strain insulator) ; N

tensile

8 electricg) insulg; forceg

on.

al or vertica]

insulators are used in the stay (or guy) wires that’. -
s v st s e g, (7
tohegzouar V. no” '
These insulators are typically mgde}fof per celain and have a cylindrica)
shape. et s
Stay insulators ensure that any electrical fault n the stay wire dossaot
reach the ground, thus preventing electrical accidents, &

Que 3.12. l Write the applications of different types of inbﬁiatc_}r.

Answer : e W

Applications of different types of insulator :

Pin type insulator : A - 4

Used in power transmission lines up to'33 kV, * .\f”

-Commonly seen in distribution systems v}'l"xert;‘"l(‘)wer voltage levels are

used.

Suspension insulator :

Widely used in high-voltage transmission lines (above 33kV).

Used in extra high voltage (EHV) and ultra high voltage (UHV)

transmission systems where insulation needs are more significant.

Strain insulator ;

Used at dead-e

Mechanica] gty

S}litable for hi
gher, sych

nd towers, sharp curves, and river crossings, where the
ess on the conductor is significant.

gh-tension applications where the mechanical forces are
as in high-voltage transmission lines. )
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4. Shackle insulator : .
Used in low-voltage distribution systems (typically lesg than ¥ )

i Suitable for usein short- distance power distribution and i, s
the lines require frequent changes in direction. as “’ht’.re

Stay Insulator ‘(Guy strain insulator) :

i

5.

i. Found in stay wires of transmission or dlStnbutlon Poles
mechanical support is needed. Whey,

ii. - Typically used in low-voltage dlstnbutlon lines and in telephone

telegraph poles.

Que 3. 18 , What are the main charactenstlcs of an ldeal insulatoyy
Descnbe the main advantages and dxsadvantagee of glass i insulator,

Explain ratmg of an insulator.

A. Charactemstlcs of ideal msulator :

1. Mechamca]ly they must be- very strong in order to withstand the weight
of the conductors. )

Dielectric strength must be very high.

They must have a high ratio of puncture strength to flash overVoltage
Theys}jxquld not be porous.

Theymustbe free from internal impurities or flows.

F"P‘r‘*sn.m'

?v Advantages glass insulator :
Durability : ngh]y resistant to weathering, UV radiation, and chemical
attack, ensuring a long service life.
Transparency : Allows for easy visual inspection, making it easier to
detect defects or contamination.

-
b

]

C. Disadvantages of glass insulators :
1. Brittleness : Susceptible to breakage from mechanical impacts and
sudden temperature changes.

2. Weight : Heavier compared to alternative materials like polymer
insulators, potentially increasing installation and handling costs.

Insulator Voltage capacity
Pin msulator <11kV
Suspension insulator 11kVto 765 kv
Strain insulator >33kV
Shackle insulator <33kV

PART-S

: Potentzal Dzstrzbutzon Over.a String of Insulators,
Methods of Equalmng the Potentzal Stnng Efficiency.

SN

Que 3. 1 4. Explain how the potentxal is dlstnbuted over astring of
nsion insulators ? ? Also wrxte about string efficiency,

suspe . OR.
Derive the expression of voltége dlstrlbutmn in 8 insulator strings.
y i LAKTU 2020-21, Marks ﬂ
OR 5

What are the main charactemstlcs of an 1deal msulator ? Descrnbe
the main advantages and disadvantages of glass msulators. Explain
ratmg and string efficiency of an msulator. i -

AKTU 2021-22, Marks 10|
Answer |

A. Voltage distributed over a stnng
L Let C = Self capamtance
V = Voltage across string
v = Voltage drop across string from 1,2,..n

Uy Ugy Ug o Uy, :
Vy, Vy, V... V, = Voltage between conductors

Capacitance to earth
Self capacitance
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Cupacitance to earth = k x self .capamtance =kC
\ - \
N A
] cf; vi1 vi1 v Cross apy,
J kCr, 44 v,
N ] z
N 19 v.
N C 2 2
Support y kC 1 Vo
p. N i; _______
N
J kC ! Y
N ol es Vp#l{
— t _———r—— ! y
:—Ec e v, V.=V
N Idi, ¥
N— e ———————
3 Ip P La ]
J kC C=. s
\.__"(illzl_i______..i'_
1 Sy
y o7
‘.
Cxn
§ g N SO 3
+Line conductor
Flg.3141. Voltage_ distributi_on across the units of a string. -
Apg]yigg KCL at hodg P,
U 'i1;+1 = ip +IP
“’v‘vpﬂy(ij) =v,(joC) + V, (jokC)
& 2§ Upu1 = U, kap .(3.14.1)
Ui+l + 0z, =V ..(3.142)

We can find voltage across any string using eq. (3.14.1) and (3.14.2).

Let us find voltage across each insulator of each string i.e., to calculate
-+~ U, in terms of v,.

Up, Ug, Uy, ..
Top most insulator or first insulator :
Voltage across insulator = v,
Second insulator :
Usingeq. (3.14.1),

Uy =0, + RV
But Vi=vy,

V=1 +k)v, (3143

i
I
|
|
I
|

-

I

Thir d insulator : i
6. vy = Uy + RV,
But. ' Vy=v,+0,

Ug = Uy + k(vy +v,)

U3=kvl+(l+k)l)2

’ ; ~(3.14.4)
', Fourth jnsulator :
7. 1)4 S 03 + kV3
ﬁut V3=U1+02+U3 g ’ 4
v4=v3+k(v1+uz+,,3) s
R A DA
Similarly, we can calculate for all insulafors», ) 4
g Itis clear that 4 & \

Uy <y <’ vr3 >’<‘U4 e

Since mutual capacity of each dlsc is same and the current through the
top most unit is mlmmum,the voltage drop across that uniit will be
minimum. Going towards power conductor the current.goes on
increasing, and will be maximum in the lowest unit. So the voltage drop
is maximum there. St e f 7 % €

B. String Efficiency : String efficiency is measuré of the-utilization of
material in the string and is definedas: (1"

Voltage across the string‘ :
n x Voltage across the insulator nearest to yne conductor

n=
where n is number of disc or insulator. ...~

C. Characteristics of ideal‘i‘nsixl’latozr‘\j:ARe/fer Q. 3.13, Page 3-18B,
Unit-3.

D. Advantages, disadvantages -l‘of giass insulator and rating of
insulator : Refer Q. 3.13, Page 3-18B, Unit-3.

Que 3.15. Explain the methods of increasing string efficiency.
[ARTU 2020-21, Marks 10

s OR .
Discuss different methods of improving string efficiency.

AKTU 2023-24, Marks 10
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Answer ,

1

&

Following methods can be employed to enhance string efﬁCiEncy )

Optimizing conductor size and material : Using conductoy . .
larger cross-sectional areas and higher conductivity mat, eriale, Sd th
the resistance of the line, thereby minimizing power loss esand im; er Uces
string efficiency. Proy

Increasing tension : Applying higher tension to the conductor red
sag and increases the clearance between the conductor ang gmunl;ces
nearby objects. This improves string efficiency. or

Using composite conductors : Composite conductors,‘consistingof
combination of aluminum strands and a core material reduce sag an:
allows for higher tension levels, improving string efficiency.

" Optimizing conductor configuration : Adjusting the configuratiy

of conductors in a bundle or optimizing the arrangement of conductors
in a transmission line can reduce mutual inductance and improve string
efficiency.

Installing high-performance insulators : Using insulators with
higher creepage distance, pollution flashover resistance, and mechanicg]
'strength enhances the reliability and performance of overhead
transmission lines and contribute to higher string efficiency.

Utilizing advanced m onitoring and control systems :
Implementing advanced monitoring and control systems, such as systems,
enables real-time monitoring of line conditions and allows for dynamic

‘control of parameters to optimize string efficiency.

Que 3.16. I Show.that the string efficiency of a string of suspension
insulators is dependent on number of discs in string.

S 1

[ARTU 2022-23, Marks 10|

‘Answer
Let’s consider a string of n suspension insulators connected in series,
where each insulator has capacitance C and leakage resistance R.

2.  Thetotal capacitance of the string is nC, and the total leakage resistance
isnR. :

3. Let V be the voltage applied across the whole string, and let V,, be the
voltage across a single disc in the string.

4. Using the voltage divider rule, we can express V,in terms of Vas:

V,=V*(C/(aC)=V/n

-1 '
wer gystem™ 3-238 (EN-Sem 5
¥ +ring efficiency is therefore :
s

e
5. :ﬁng fficiency = V/ (V) =n
- e string efficiency is de;

we can 5€€ th g y penfient onthe Mumberof g

6. in the strulg-

s equal t0 the number of insulators in the string,
It1s - ] .
-« means that the string efficiency can be iner,
f insulators in the string.

7.
8.

eased by Increasing tpe
. number o

/'3’1—71 An insulator string consists of three uiﬁts, each having
Que ot e :

Que ; f 15 kV. The ratio of self-carisi:
orking voltage of 15 | ) 0" self-capacitance ¢

a Saf:c‘:pacitance of each unitis8:1. FlPd the maximum safe Workin:

Sh;;ge of the string. Also find the string efficiency,

o : By

A ’  »~ AKTU 2023-24, Marks 10

| The equivalent circuit of string insulators is shown in Fig. 3.17.1,

Yy //////////)/L/»/"//////////// 2L
I, 1
vy >
KC. - S Y
] A GV,
i, I 2
= 2
KC c &b 7
4 6
KC C L
13 T &
Fig.317.1.  °

it in the string.
2. The maximum voltage will appear across the lowest unit in the
: 1
== =0125
V,=15kV, K 3

8. Applying Kirchhoff’s current law to junction 4, 7e get
V,=V,(1+K)

or V,=V,/ 1+ K =V,/1+0

Applying Kirchhoffs current law to function B, i
V= V2+(V1+V2)K=V2+(Ob ?

125) = 0.89 V(317D

we get
+ Vz) x 0.125

—~—
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. Vy=1236V,
V,=V;/1.236 ~~-(3_17.2J
5. Voltage across middle umt
=15/1.236=12.13kV
6. Voltage across top unit, V; =0.89 V,=0.89 x 12.13
= 10.79kV
7. Voltage across the string =V, + V, + V, =10.79 + 12.13 + 5
= 37.92kV .

) 37.92
8. String efficiency = Ix15 x100 =84.26 %

‘Que 3.18. ’ A string of 8 suspension msu.lators is to be ﬁtted Withy |

grading ring. If the pin to earth capacitance is equal to C, find tp,
values of line of pin capacitances that would give a umform vo}tag:

" distribution over the string.

Answer =
1. The capacltance of the pt2 link from the top is given by,
pC,
P n_ D

2. Heren=8, C, = C. Herice the line to pin capacitance from the top are
given by,

A 1xc=lc’ cZ:Zc =1c
8-1 7 8-2 3
C3= 8¢ =§C c, = 4c =éc=C
8-3 57 M 8-4"4
cs= 3:5_0_, ¢ = 6c —30
8-5 8" | 8-6
Tec
1T gy e

VERY ]MPORTANT QUESTIONS

Followmg questions are very important. These questzons »
may be asked in your SESSIONALS as wellas®
i UNIVERSITY EYAMINATION T

Q. 1. Explain the method of calculatmg the sag for the same Jevel.
ARS; Refer Q. 3.1,

-1 §
powe gyste® 3—25B(EN.sem.5)
Explam catenary method for flnding the ]
in g

Q 2. traﬂsmlsslon line.
m; Refer Q
5 Wr rite 2 short note on the factors that affect sag
?ﬂ; Refer Q.3. 3.
alculation procedm-
Explalll the c: e of maximym
@ B on neat oqual upports nueg s 1

loading:
AfiE Refer Q. 3.7 :

0.5 What do you understand by vibration dampers in overhead

transmission line ? Describe the dlfferent types of damperg

used. 2 .
x5 Refer Q. 3.10. Y b7
Q.6. Explain different type of msulator. :
Ags Refer Q. 3.11. . y

Q.7. What are the maixi’dhéractei'istlcs of an ideal insulator ?
Describe the main advantages and disadvantages of glass
insulators. Explam ratlng and string effwlency of an

insulator.. ~ & 0 ) f o
ans; Refer Q. 3. 14 @ of

Q.8.. Explain the methods of i 1ncreasmg strmg effxclency
A‘ﬁs. Refer Q. 3.15. )

oso(”

L N
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 Unsymmetrical Spacing -

“ Transposition, Bundled Conductors,- o s
and Effect of Earth on Capacitance

TUNIT
Parameters
———
f':MPart-l : Inductance and Capacitance .......... 4-2B to ;1523Bv

Calculations of Transmission
Lines : Line Conductors,
Inductance and Capacitance

of Single Phase and three Phase
Lines with Symmetrical and

Composite Conductors- .........ooi...... 4-23B to 4—28'BS
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: Transmissi .
. & N’S eﬂl'ﬁ) on Line Parame -
4
: PART-1

and Capacitance Calculations ome’lsmissi
¢ Conductors, Inductance and CapacitanCe on
and three Phase Lines with Symmetripq] o

. Unsymmetrical Spacing. and

/I Discuss about line conductors.
4.1.
Que

Tpswer ) " ST HB
Al‘ = e ductors refer to the wires or cables .used to carry electrica]
1

from one point to another in an el.‘?ct?iéal power system.

are a crucial component of power transmission and distributiop
They <. used to deliver electricity from power plants to homes
Sysgf,g;s’es, and other locations. v . O d
buse conductors are typically made fro“m materials with high electrica]
such as copper or ‘a}ummu.m, to minimize power losses

e
uctance
Ind s : Lin

Phase

current

2.

3 Lin -
conductivity, suct
during transmiss1on.

m Derive the expression for inductance of a_‘cgﬁdvuvptoi' due

to internal and external flux. ‘

Answer l ; N " -
i Inductance due to internal flux : S
1. Consider a long, cylindrical conductor. .75 s )
2. Let us assume that I is the current flowing through it and conductor
through which current is returning is so far away that magnetic field
due to returning conductor is not affecting the flux lines due to conductor

under consideration. Lines of flux are concentric with conductor.

Fig. 421, Cross-section of a cylindrical conductor-
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3. By Ampere’s Law, ¢H ds = 1, )
where, H_= Magnetic ﬁeld intensity at distance x from -j-(4.2.1)
s = Distance along path “entre
I, = Current enclosed
4. Integration of ds along closed circular path = 2xy eq. (4.2 '
€4 (42.1) begy,
2meH, =1, d eg
5. Assuming uniform current densﬂ:y inside conductor., -2
2
Ix = —I g W
nr? ~(4.23)
6.  Solving eq. (4.2.2) and (4.2.3), we get
2
H = L I
T or2nx
= gl ATm (824,
7. Ifu=yp p , permeability of conductor
Flux density at djstance x ffoin centre of conductor,
B pH, 2 Wh/m? & ...(4,2 5)
8. Flux enclosed in element of thlckness dx per metre amal length of
conductor, S . e
< A
= ...(4.26
‘ | do - dx (4.26)
ThlS flux links with current I
9. Flux hnkage per metre length of conductor is given by,
10. Integratingeq.(4.2.7) from centre to surface for total ﬂuxhnkage inside
conductor.
27rr
For relative permeability, p_= 1 '

11.

p=4nx 1077 H/m (p, =4mx 10-7H/m)

1 9
; - VYine= 5 % 107 Wb-T/m (429
Inductance per unit length

—nnt%

v

i i3 llﬂk age O % . lies between two points P, and P, at distance D

g Conduc

Lint - 2 ...(4-2.10)
e due to external flux : .
of an isolated conductor due to only that portjey f th
Of the
1and D,

= 11*—"£=1x10'7H/m

gaduct2®

0
- xte tl:t el ﬁ-om the centre of conductor. .
ectivel)
respP or carries ] ampere current. Flux lines are concentnc circles,

Fxg’ 4.2.2 A conductor at ‘external 1 omts P1 and P

3 Taking element dxat dlstance x from centre of conductor, ﬁeldmten51ty

isH,

m_mf around element
éde =I'=VI

S H 2me.=1

) H = 2——AT/m ..(42.11)

Y L(4212)

4 FIi deggitj; in element, Bx = IJ-H,, =

i Fluxin the element dx,dp = idx Wb/m

6,
Plux linkageis dy per meter are equal to the flux d¢ since external flux
the current in the conductor.

.(42.13)

dw— ﬂ dx Wb_T/m (42.14)

L T -
d fa] flu linkages between point P, and P, are obtained by integrating
Y fr om x = D to x = D

. J’ Zj

LN
latIVe
per; meablhty K.=1,and p=p,p,

|
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V= 2x1077 In% Wb-T/m
' 1

Inductance due to flux between P, and P,

L= 4295107 1;{%]

1

Que 4.3. l Explain the inductance of a singie Phase 1y,
sl
system. Derive the expression for single phase twe Wire H"’lre ng
: ne,
AKTU 2020-27
OR —Mark
Derive the expression of inductance of single phase line
Answer

AKTU 2020;21, Marks 1

A. Inductance of a single phase two wire line system ;

1. The inductance of a single-phase two-wire line System is the Pro
that resists changes in current flow. ) pery

2. When an alternating current (AC) flows through the wires, it éeﬁemtg
amagnetic field that opposes any change in current, ... &Y

3. Inductance is determined by the physical arrangement of the wi}es, }
such as their length and distance between them. ) .

4. TItis meaéure_d in Henry (H), and it affects line impedance, voltage drop,
power factor,'and line regulation in power transmission systems.

B. Expression for single phase two wire line (Single phase ling): |

1. First conductor carries current. Second conductor is return circuitof
other. Both conductors are solid round conductor having radiir; andr,

N . AN ,
Y \,

Conductor 1 % % Conductor 2
- ~ 7D 7 % >

Fig. 4.3.1. Single phase two wire line:

2. For internal flux : Loy = %x 1077

D

For external flux : L= 2x107 lnr—
1

TmnSmissio i
‘EN-Sem-5) n Lme Parameters
B a1 D .
4 L = 2x10 [Zﬂnr—J

ce,
' iy otal [nduct?? 1

n

2 % 10'7[11143”‘ + IngJ

S ||

2x107 ln%D

-1/4
e,

D
2x107In—2__ y
* 0.7788r, [ e

=0.77g)

2x107 2 g
,‘II

here, Iy’ = Geometric mean radius (GMR) of .ébhduétor.
eTc, .2 oy >

4 ek T
L,= 2x107 In= - H/m-
5 I . = r2,:'=’”r' 4
3 Total inductance of single-phe_}'ge; circuit is given by i
y o N D e S
5 L=4x10"In=Hm _
Quedd. VA;dbix‘ble circuit single phase Line _lviia‘Veicmiit‘iuctor a,and

carry the current in return direction: The diameter of each
conductor is 25 mm. Calculate the inductance of the line per km ifD,

[AKTU 202322, Marka 10

. o,Which carry the current in one direction. Conductor b, and b,

*Imtand D, =2 mt,

Gl\(en : D1 =1mt, D, =2mt, D=

25 mm. f?zé =125x10-%m

ToFmd Ir‘lduct‘axig‘e‘ ofthelmeperkm : \A -

2, p2yl2
L=2x10"1n D,(Dy +D;)
r' D

L=2x10-71n 2049 . L _o7mssn

0.7788r x 1
2+ 4"

=2 -7 .
* 107 0.7788 x12.5x 1074 x1



v

Power System - I
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")

_“L
9.735x1078
=2x10~71n [459.3]
=2x1077x 6.1298 H/m

= 0.2 x 6.1298 mH/km

Que 4.5. | Derive the expression for the inductance of thre
’ e
line with conductors untransposed (unsymmetrical Spacmg)p hasy

Answer , | e N

1. Consxder a single c1rcu1t 3¢ system as shown in Flg 4.5, 1)Th
conductors are unsymmetrically placed i.e. D12 " D23 %D a;dthree
conductor has a radius of r meters. 81500 each :

2. The flux linkage of conductor @ due to I I and I

=2x10""x1In

4V 1 1 M=
X 7| In=+I,In—+I In—
y,=2x10 [ I +1 D, 1 nDal] .(451)

.

\,,b-_- 2x10 7[1 h15—+1 In~+[ ln——J (452

S"“f’f’f?? D,

23
Now taking I as a reference phasor of unbalanced three phase syste®

I,=FLaand L =k,
k=—-05+j0.866
K2 = —0.5-;0.866
Substituting the values of I, and I, in the eq. (4.5.1), we get

Gecl
- -7| I In— —+ 1 In— !
y,=2x10 [ulnD31+Ime +1, r’J (459
where,

y,=2x 10—7[1,, In>+,(-0.5- j0.866)
r

_ 1
mDi+z,,(-o.5+ 70.866)1n DJ

12

A

Tr isi
om-5) ansmissjon [
Sem Line Parametg,

i v [ 1

= =% =2x107|In=-In 1 3
7 : ———_;¥3 D
¢ " D31D12 ! 2 hlb\u}

2

gimilarl¥

) 1 1 Nz}
L =2x10‘7[ln—,-1n _:¥3. D
b r \/‘m J ) lnD\:

L,=2x 1&7[ n--ln

3. D
-l
et

T e an expreson o st

aes Ii
jon ne.
rapsmisSi OR

i t principles, derive the expr.
ing from firs Xp essxon for induct
o unsymmetrical spaced transPosed transmission lf:: )

ofa 3-phase
&, [AKTU 202122, Mark@

Three phase line : Three phase Tine can be of two types: £ .

Inductance of a three phase transmission with “nsylhmetncal

spacing : Refer Q. 4.5, Page 4-7B, Unit-4. :

ji, Symmetrical three phase line : ] 09

1. Asshownin Fig. 4.6. 1, in such arrangement conductors are sxtuated at
the corners of an equilateral triangle.

| ¥

Fig. 4.6.1. Symmetncal 3¢Ime
D = Spacing between conductors.
r = Radius of each conductor.

Flux linkage of conductor a
1 1 ! }
_ - 2 i In—+1LIn—
= 2x10 [Ia.ln D, b, T,
D,=D =D
b
D:a =r tfre‘”4

2><10"’[I 1n——+I ln—5+11n——}

%,
|
|
%
|
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4
913(131\;.8%5
")
= 2"10-7[1a1n—:[-+(1 +I)ln
3. For three wire system algebraic sum of current j
I+ +I=0 m °°nd“°t°ﬂs Zer,
Ib +I =-1,
wa=2x1o-7[1,,1ni—1,, ln—l—J = 2x107 xlﬂ[lnl_lniJ
r D . " D/

= 2x107x1, ln- Wb-T/m
4. Inductance of conductors a is

=Y =2x10-’1n2mm.""{

a
a

5. The inductance of conductors b and ¢ w111 also be the ’
because of symmetry ) Same as thay o,

L,=L,=2x 10‘7 ln2 H/m
ifi.’ Unsymmetncal spacing but t‘ransposed

“Position 1 o
 Position 2 o

. c Position 3 ©

- Fig. 4 .6.2. Transposition cycle of unequally
- spaced three phase line conductors.

1 Fqu lmkage of conductor a; when a is in the position 1,bin posxtwnZ
andcin pos1t10n 3

Wo1 2x10‘7[1 In—+l 1n——+I In— J
DIZ DSI
2. When conductor a is in position 2,bin posmon 3 and c¢ in position 1

1
-7
= 2x10 Iln ~+ [, In— +I‘lnD12J

23

3. When conductor a is in position 3, b in posmon 1 and ¢ in position 2

1
+Icln—-—J

= 2x107"(1 1n—+I In—
* [ D31 D23

4.  Average value of flux linkages of @ is
3 ;
Vo= 3 %[V Vo + o]

1 —_— e =
R T lnui\]
. 2.

0”|[ 31, 1n—+I Qe \
|:k l)le)mD31 WD“J

DD,

2 =
- Exlo’[LM In= (,,+1)1n#}
e 1255
anced condition I, + I, +I =0 .,

}3‘01‘bal Ib+I =-1I,

1° “* '
2><10'7 Iln————Iln
[ [T 3 BT D, D D,y

2x10'7xI mﬁDw\x)

¢, Average inductance of phase a

= 2 107 ln
L,= I

a ¢
5 52

D 13
( DD) Him

2 ) L3

7. Similarly, L,=L,=2x107 ln———(D’ZD”D“)'

Que 4.7. IThe three conductors of a 3-phase lme are arranged at

the corners of a triangle of sides 2 m, 2.5 m and 4 5 m. Calculate the

inductance per km of the line when the cpqductors are regularly
transposed. The diameter of each conductor is 1.24 cm.

[AXTU 2021-22, Marks 10|

Answer' | , . | '

Given:r = 521- = -1——22—‘% =0.62 cm, D;, =2 m, Dy = 2-5_7‘1;{1)3'1‘: 45m .

i ToFind:[, : , i
b r'=0.778 r =0.482 cm
1/3
2 L=2x10—71n_(_DL222§_l_)i1—)—
o

g @2x25x 4.5/
=2x107In 5589107
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8
= 12.74 x 1077 x 1000 k/m o)

=12.74 x 104 H/km.

Que 4.8. ’ Discuss the concept of self GMD and my B s
‘the help of suitable example. - SMD vy

Answer |
A Self-GMD (D,):
1. Itisalso called geometrical mean radius (GMR).

2. Inductance per conductor per meter length is given by,

TR

L=2x10-7(1+1u£J Ne N4
4. r fr B

L= (2>.<10" x 1) +(2’x10'7 m‘B)
& Az e r
L=2x10-"In 2
D!

where, D, = Self-GMD or GMR = 0.7788r

Sometimes GMR is denoted by . -
Self-GMD of a conductor depends upon the size and shape of the-
conductor and is independent of the spacing between the conductors,

Mutual-GMD (Dm) : The mutual-GMD is the geometrical mean of the
distance’from one conductor to the other. It simply represents the
equivalent geometrical spacing.

C. Example of self GMD and mutual GMD :

The conductor, arrangement of the double circuit is shown in Fig. 481
Let'the radius of each conductor be r.

"

i
:
H
H
H

¢ |

&

&

O -0
@ ¢

] Fig. 4.8.1.
Self-GMD of conductor = 0.7788r

v

Transmissjop Line Parameters

-5
S
4/12 MD of combination aa’, .
¢ ' Dsl = (Dﬂa X Dﬂa' ¥ Da’a’ * Du’a)m'

, s PRy
.SeIf-GMD of combll;lsi ;O(Dbb ’Dbb’ Dy D,V

5. Self -GMD Ofcqn'lbblnsztiogccc bct.” D, 'Dc’c:)m

quivalent Self'GM,f 'Zf;))ii zl;;j: x D)1

E
6j . 5 each conductor has the same radius, therefo;e the value of D is
7 s:;:: for the all phases. R i
tual-GMD between phases A and B, N N
8. Mul ) Dyp= Dy XDy x Doy x D v
Mutual-GMD Between phases B and ?n R
Dyc = Dy, x Dy ¥ Dy, x Dy
Dy = (Dpy % Doyiix Dy x Do M
9 Edu‘ivalent mutual-GMD, D",' =(D )éi x Dye x DCA)m | |
16 Mutual-GMD is independent of exact size, _shape and orientation of the
’ ends on]yl upon the spacing. ;

conductor and dep
Que 4.9 lFind the inductance per phase of symmetrically spaced

double circuit 3-phase line.
OR _

the inductance calculation procédure of ‘three-phase
etrical spacing (hexagonal).

[AKTU 202223, Marks 10|

Answer l ,
es with transposition :

Double circuit three phase lin

Describe
double-circuit line with symm
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: Figd9i,
1. Fo_rmula for inductance of a 3¢ unsymmetrical line .-

L=2x10"In (M“t“al GMD). :

Self GMD (497

2. For double circuit line £ .
D 4 = Mutual GMD between phase A & B 1, + . .
a,a’ andb, b’ »,_p SeA&Bie, betweey,
= Dab Dab' 'Da'b .Da b’)U4 .
Dy, = Mutualr'GMD between phases B and C;
between &, 4" and c, ¢’ te
- PEc-Dbc’ Db'c Db'c')ll4
D, = Mutual GMD between phases C and Aije
(between ¢,c’anda,a’ i T

; (Dyp Dpe D)™ : )
L (Dab Dbc ?/mz Dab' Dbc’ D ca’' Da'b Db'c Dc’a Da’b'
D,. D, )
Dg, = Self GMD of phase A i.e.;a,a’
= (Daa Da’a' Da'a Daa’)ll4

1/4 _ \V2

= (D)~ (r0.)
Dy = Self GMD of phase Bi.e., b,b'
= (Dyy, Dy Dy Dy )V
= (r'r'Df,,.)u4 =(r'D,,)
Dy = Self GMD of phase Cie., ¢,
= (Dcc Dc‘c' D cc D cc')ll4

= (r'r’be.)m =(r'D,,)

1/2

1/2

4. Equivalent self GMD,
D, = (Dgy Dsp Dsc)ll3

D,
= _7]. =
L= 2x10 'nD

(DabD,,,DmDab'Dbc'Dm'Da'b

Transmission Line Parameters

= Daa’ . Dbb' r chr)us
= ("3 D,, Dy, D)6
£ double circuit line per phase

D,.D..D,,D,.D,. "

b'cc'aZa'b!

Dab=Dbc=Dca'=Dc'rx=Da’b
Dca = Dab'=Dbc' =Da'b =Db'c=Dc'ﬂ'-—'- \/gD

(r® D,p Dy D)

e of 3¢ double circuit line with hexagongvlhfs'i)écing as shown in

Fig. 4.9.2. Double circuit three phase line with hexagon?l spacing. i

,=Dy.=D

Daa’ = Dbb' = Dcc‘ =2D

Inductance per phase

[DG(\/gD)S ]1/12

— -7
L= 2x107 In"p 0o

(\/§D2)l/2

-7
2x10 ln——-——-—-[r,2D],,2

V3D
2r

)
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CaseIl: '
a p—Qc
s q
"‘15 Do
r

‘Fig: 4.9.3. Double circuit three phase line with flat Vertica']"spacihg"q

Conductors are placed flat and vertically spaced;
Dy =Dy, =Dy = Dy D=5
Dac = Da'c' =2s e
Dy = Dy = Doy =p "
Dy =Dy =Dy =D, =q

| Dy =Dy =

2. Inductance per phase using eq. (4.9.1)

1

9-9.P-9.9.p.5.5.25)% |
(r®.r.por)vs

12 U3 $
e L CNCR. T
: r') \r x

Que 4}0 ]A t#ﬁf{e Phase 50 Hz transmission line consists of three
equal conductors of radii r, placed in a horizontal plane, with a
;pacmg.of 6 m l')etween the middle and each outer conductor.

etermine the inductive reactance per phase per km of the

transposed line if the radius of each conductor is 12.5 mm.

Answer |

L=2x10"In (s.s.2s.

"‘Gm—ﬁq_sm_,,

Fig.410.1.

Transmission Line Paramet
ers

( EN_seﬂl'ﬁ)

68 ' D, = (D.D2D)
= (6x6x12)8=7 558

8 K i

ductance/p hase/m

In
" L= (0.5+21n&)x10‘7
: r

7.558x10°
= (0.5 +2 ln (T);O))x 107

=13.31 x 107 H/m

= 13.31x 1077 x 1000 H/kry /.
£ >

=1331x10*Hkm i °

& = 1!—: Derive expressions for the 11 e—fd-éeu&d capacitance
e e capacitance of ai,s‘ingrllév phaseline,

itz ioin %k
ARTU 2021-22, Marks 10

; R .
the égpééiﬁhce of a single phase overhead

Derive an expression for
transmission line. ;

Answer l ‘
Capacitance of single phase line :
L Voltage between two points,-

(D,)
V.= L 1 -2

127 one nLDJ
2 Potential due to g, using eq. (4.11‘.1)' ‘ ,
4 L .an)

V, =% ;2
o 2ne

b py Fig. 4.11:1. Single phase line.
‘ » 0 i Badoae ~ ¥ RAD TG 5
ential due t, 9, using eq. (4.11.1)

V)= L 1% .(4113)

N
et Dotential from ¢ tob A

’
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V=V e Vyne L[ D " Semy,
v funteang
5. Since b is return conductor, "‘(4-11.4,
%=—q
6.  On putting 9, =—qy,€q: (4.11.4) becomes
1 2
Vap = e %o In [ . J
e Tl
1 :
=—gq,In PN
ne ., e o
7. Now capacitance of line, »
C,= 9 _ TE Y
b S———— F/
“ Vo InD/Jrr) iy (4116
8 If T =ry =rthen eq. (4.11.5) becomes
ne
F/
m (4117

Cab= T 7 o
In(D/r)

The potential difference between each conductor and neutral is halfth
potential difference between the two conductors. This means capacltam:
of one of the conductor with respect to the neutral pomt will be two

times the capamtance of single phase line.

Con=0Cy=2Cy, = ZK; F/m
: In —
r
C,,, = Capacitance of conductor with respect to neutral
S point N.

Que 4.12. , Find the capacitance of single-phase line 40 km long
consisting of two parallel wires each 5 mm in diameter and 151
apart.

ng into account the

Determine the capacitance of the same line taki i
effect of ground. The height of the conductor above the groun
AKTU 2020-21, Marks 10

7 meters.

Ahswer ,

“Given: Dlameter of the conductor, d
conductor, r:= 2.5 mm, Spacing between t

= 5 mm, Effective T 150
he conductors, D

):Cis

©h=T7meter.
= To Flnd Capacltance of single phase line (C

dlu;

Transmission Line Parameterg

_ ., conductor
tance f one € 1o
b o c,= 5= 75— =868 nF/kn
In= 18lno e o
ance petween the two conductors,
BPaCl
L ,_ G _868 _ 4 34nFkm
: g 2 2
Capﬂdtance

n the effec
P:mtance is given by
C,=
h=T H1 Oh=2xT=14m

+ of ground is taken into’

Hy= H.,l-(D2+4h2)1’2 (1.52+4 x 1

«/786

m= (H12H21) =H,= [
= (H, H)Y?=(2h. 21;)1/?

18 % 109 Lln
_ & 1
15 14
18 x 10° (1 e ———)
M 25x10° 786
=9.74 '
Llﬂetolme capacitance PF/m
1
C 3 _C
L 9 n
= % x 9.74
= 4.87 uF/m
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Qu}e 4.18. , Dgrlve expression for caDaCitance of

t
) ) OR hl‘ee phas”
Derive tl.le expression for capacitance of i
Symmetrically spaced three phase lines, symmetrie all

1. Taking conductor o
Voltage between conductor g ang p

1 D, ‘&
Vs = E{qaln—fq,,ln%}

r ] ---(4.13,1)
2. Voltage between conductor ¢ and ¢
1 D
v =1 D r .

s o {qa In ~teIn 5} (4139

3. Addingeq. (4.13.1) and (4.13.2) D

1 D . r 5 ) ty 4
Vab + Vac . rﬂs {un In 7 + (q[, + qc) In B‘} ~~.(4.13.3)

4. Also, 2% +q+q=0
- qb+qc=_qa
\&

DN Cn Cn

~o -

3-7
: / C., 1. ¢
c, 1 C,
b(LH-—I‘\I——HQ)c
——p—

(@) Three phase line
with equilateral spacing.

(b) Phasor diagram of voltages.

Fig. 4.13.1.
5. Substituting value of 9, +q,ineq.(4.13.3) -
1 D r
o e Z _¢hl
Vo + Voo = 2ne {2(1" In r % D}

Transmission Line Parameters

-5) i
N_Seﬂl .
kﬂoB(E _ ’]___{an ln_l_).+qu IDB}
2ne r y &

= ig_q.ﬂlng

Vop * Vo™ ns " 7 ~(4134)
V= V3V, £30°
6 Vac = —Vca »
= \/§ ‘faué —-30
Vab + Vac = 3Van : i "‘(4‘13'5)
g 415D agd (4.13.5) : \
y s 3V = %]ng
an 27{6 r . 3 o .‘.
' b, &7 -
= Eq,fglnT £ i +(4.13.6)
g, Lineto neutral capacitance, -
' 27’53 A
C, = -g—a'=m F/m £ :_-‘;'(,4.;13.7)
Forair,e, =1
Sincee=¢¢,
C,= 2" g (4138)

y " InD/r
B. :3¢ line unsymmetrically spaced but trjanépo_se'd :
L When phase g is in position 1, 6 in Position 2 and ¢ in position 3,

..(4.13.9)
) 12
When g in Position 2, b i, position 3 and ¢ in position 1
Vab = —_ {qn In =223 +q In ——} .(4.13.10)
2 23
Na
' position 3 ¢, In position 1 and ¢ in position 2
V= 1 L 4.13.11)
b 2na{q" L A ——} (413,

A
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Power System - 1 4218 (EN-Sem 22 (EN ; Sion Line Paramete
5) citance of linea to neutral —s
: apa
g ,

Cal
_ 4 2ne

c,, = AT
*” V, @D,y

Position 10

-(4.13.1
Position 2 O 8)

Derive expression of capacitance
‘Qlle 4 of three Phase

Powmna o ansposed line.

! - e single circuit untrans
1L_ Athree phaS g i posedlmelsshow:mmg 4141

(413.13)

2.
3.
..(4.13.14)
4.
..(4.13.15)
7. Let line to neutral voltage of conductor aisV,, %
3V, =V, +V, : +q 1n—’—+1n2— +q¢(]n +1n——J
1 D, r } "\"D, Dy Dy Du
e Zm In — In— . :
ome {2‘1., In ot In D, e Mp 5. Since for a three-phase three-wire circuit
_ ..(4.13.30) 9, +q,+q,=0
8. Here, qa-i-qbq.qc:o 9. =—q,—q
%+e,=~gq, ' P 1 ( D, Bu)
Eq. (4.13,16) becomes ) Van = 2mg, | T2 T
3 D ) 41817 - D, Dyr _llzs_}
3V =2 —_m o r ZB _In 0
an= 5 q,ln( s +qb(1n5—+lnD2] -g,In D, 2
2 31




Power System - I

6. But
1
L3V =
an - 2me,
7.  Similarly,

1t is found that the phase capacitances are ¢

@y =g, £-120°= qa(_l_jﬁ)
2 "2

(quln@g_;_z D _ VB
T Dy

4-23B (g
N.
D,,D} "
12
27‘!80 Lq" lnTMDS"'qnln 21D )
11 r Dn

27

1 qu [)121_)31
2me, “L rd D <Dy

Lq []Il[Dal)s Dz
2y g 123 a1

9. _ L 2meg F

‘_—*3—\
Ven 1‘[1n(D ) (D L J+J\/—ln\j|

31
3
i, D,

27,

“(D,\*( DiD

BT (B2 ) e

[ \D, D,, Dy, DaJ i n] f
27!80 O g

1. (D
= ln( 31) Yz Ly
3[ r) D +J-‘/—1éD31}

W=

m

2ng,

53]

(ln DyDy, +

Dy,
omplex numbers.

Cé'}riposite C‘onductors Transposttwn,
: L Effect of Earth on Capacztan

Bundled Canductors,

Transmissigy Line Paramey
ers

8 (EN_seﬂl‘5) -
9 P ; ' .
y calculate inductance of a single-phage System (wigy,

onduct"ﬁ)'

[l OR
wo? the metapss Of: b::mdle conductor line i less th,
1o E’i{’fe v with one conductor pex hase with mahen i)

AKTU 2022.93; Marks 10

1essio
sW"r" le- hase system consisting of two co
P era single-P mposite conductors
1 ﬁ‘::;sd B, each having m and n number of strands, respecuvely as shown
Flg4151 ,I’ LN
10 m lor
o0 o1 A
O 5
3O 4
Conductor A

Fig. 4.1
sumed to be equally divided amongst all the st.rands of

ey

9 The current is as

phase hne) and current in all the strands of

.return conductor for the smgle phase liny

I\lnl E‘II
+ -5—-+ +1I In

12 1n

3 Using‘eq:'q;l;zx 10-7 (1 ln D ] Wb-T/m
u

the flux linkages of strand 1 due to currents in all conductors is given by,

1 1 1
ln +1n——+ +1n——]
Dll DlZ Dlm

- 2x10" L
m
R 1 1 1 1
-2x107 —(ln——+ln ——+...+1n——)
& n\ D, Dy, D,
..(415.1)

1 1
2 107 = (ln ——————)
) 3 DDy

‘V1=2x10‘71(1n' 1 e 1 N
DyD,, D JD..D D)

im

Y=o 1
12><10"—[1n
m

1
DD, ..D,

m
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10.

11.

13.
14.

i EN-Sems

=2x1071 []n Dy, Dy, D,,
D,D,,... D, ...(4.15.2)

Inductance of strand 1 of conductor A is

:-/D D, .Dyy ... D,
L= ¥, =2mx10'71n 112 13 " Him

Ilm Dy, Dy, Dy - D,

Inductance of strand 2 of conductor A is

VDoDe Do - D,
VY2 _9mx107 ln.—“—————— H
La= Fimoimt ADyDy D D, |
fo.

Similarly, the inductance of strand m of cond

"'-(4. 15_3)

...(_4.15_4)

A L =2m x10” 1n"

m I/m (4155

Since conductor A is composed: )
Thus the inductance of-condt ctorA is

f_n ‘""'\}(DuDlz' -D, )(D21Dz.z"" “) (Dnan2 Dnn)\
NB,Dy D) BuD D) Do Do)
¥ ..(4.15.8)

In eq. (4. 15 8), the numerator: xs’known as Geometnc Mean Distance
(GMD or mutual GMD) and is denoted’as D,, and is equal to

D, = mfD,D,.. D,,) DD,y .. D,) . (D, D,y D,.)

It is the mn'® root of the product of the mn distances betweenm strands
of conductor A and n strands of conductor B. .

..(4.159)

. The denominator is known as GMR or self GMD, denoted as D, andis

equal to

= m\/(DuD12 .D,,)(D,D,, ...D,)...(D D)
It is the m? root of the product of m? dlstances w1t1nn the conductor4-

ANow eq. (4.15.8) can be written as,

N-Sem-5)
4,26 B (E Transmisaio,l Li!le P
Arametq,
L,=2x10- Tin Du "'H/ TS
'm
- .A ool
5 S milarly, the inductance of composite conductor g (4.15.10)
e, is
Lp=2x10""In D,
D, - REET
16 hereforeé; the total inductance of 3 single-phas {4151y
" conductor 18 © System of compogiye
L= P ‘A + LB
1. I_fconducfﬁl'SA and B areidenticalie.,D u=Dy=D {Em th -(4.15.19)
is *& emduct?nce

or

Twin conductor bundl

18.
arrangement is shown in Ejj

D, = GMR f each sub-conductor of bundle
D= Spacmg bétween the sub-conductor ofa bundle

(2D
ROAY
(a) (c)
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4-27B (EN.

21. The GMi) of a bundled conductor line can be found by takin,

23.

Sem.s)

g the Toot of

the product of distances from each conductor of a bundle to every ot
er

conductor of the other bundles.

. It can be observed from eq. (4.15.14) to (4.15.16) that the G

bundled conductor increases. For the calculation of inductance of g

S,
GMR is a denominating factor. thg
Therefore, the inductance of a bundled conductor line is lesg than th
inductances of the line with one conductor per phase. e

Que 4.16. I What are bundled conductors ? How to calculate self

GMR of bundled conductor ?

AnSWer l

A
B.
1

Bundle conductors : Refer Q. 2. 10 Pag r9” QB Umt-z
Calculation of GMR :

~ Let r be the radius of each subconduct
any one of the subconductor.

r'=0.7788r.
Consider the bundle of twiir‘s‘\i_]bconductors.

,a;bundle and ' is GMR, of

..D_)
Here x is number of subconductots in each bundle.
In case of two conductor bundle x= 2

V’ DnaDab.Db.bDba = %/DIIDIZDZZDZI
FED = P D =
S = Vr'D =/0.7788r.d.

R~
il

1/2

[¢" D]

| Explain the effect of earth on capacitance.

-

5 -

EN_Sem-5)

Transmieg:
( 18810 Li

e
1.

er
sWE - arth i jgnificantly affects the capamtanCe of cong
The 7 voltage transmission systems, uctors, partiey)

nh g arly

o erhead transmission lines; the earty, actsas ope
“th conductors as the other. This increases Capacitan “fa capaciy,

W‘h conductor is closer to the ground. ce, eSpecially as
the

undel‘gfound cables, the earth's prox1m1ty and the ip,

aductors lead to much higher capacitance compare d to tion argypq
The insulation acts as a dielectric between, the condugy ov:trl:ead lines,

transmlssmﬂ systems, this earth-induceq ¢ aPacltanc ground,
voltage mstnbutlon and can lead to the Ferranti ofy o ¢ influenceg

1 oaded hnes.

ect mlong lightly

very‘ zmportant These quesh
ay'be asked in your. SESSIONALS as well as: e

Q.1. Explain the mductance of a smgle phase ‘twoiwire line
.~ system. Derive the expression for‘smgle phase two wire

4 line..
'AﬁE Refer Q. 4.3.

Q 2‘ Starting from first pnnczples; enve the expression for
inductance of a 3-phase unsymmetrxcal spaced transposed
transmission line. L

AHE! Refer Q. 4.6.

Q.38.

Describe the inductance calculation procedure of thro:le
pPhase double-circuit line with symmetncal spacing
(hexagonal).

Refer Q. 4.9,
Q.4,

i and
Derive expressions for the line-to-neutral capacitance

line-to-line capacitance of a single phase line:
Refer Q. 4.11.
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Q.5.
AN
Q. 6.

e

Q.7.
AN

Derive an expression for the capacitance

a 3-phase line completely transposed.
Refer Q. 4.13.

Show that the inductance of a bundle conduc
than that of the line with one conductor p

mathematical expression.
Refer Q. 4.15. -

Y

4298 (EN.gy, 5

Per unijt length u

tor line i
s ]
er phage “::1: .

Explain the effect of earth on capacitance,

Refer Q. 4.17.

- Insulating Materials = -
‘Extra High Voltage Cables

1 Grading. sz"CaBIes .

“Overhead Lines: Versus

: :Insulatio:n Reéistance of a Cable

-Capacitance of a Single Core ...

and Three Core Cables

Underground Cables,
Types of ‘Cab_l’e”s,_:

........... 5-4B to 5-4B

wssnrs 5-8B t0 5-9B

......... 5-9B to 5-16B |

..5-16B to 5-21B |

.5-4B to 5-8B I

- 5-1B (EN-Semd)
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Insulateq Cableg

Insulated Cables ¢ Introduction, Insulation, {nsquﬁng Materiq,

PART-1 |. e |
i

1
—]

Que 5.1. .| What are insulated cables ?

Answer l

1

Insuléted cables are electrical cables with anon-conductive Protectiyg
layer, known as insulation, which surrounds the conductive wireg.

This insulation helps prevent electrical current leakage, re
risk of short circuits, shocks, and fires, and ensures safe trans
electricity. Common insulation materials inclp(‘iedPVC;‘n}bber

Insulated cables are widely usetjl;:iih “power dis
telecommunications, and industrial vgiﬁng i:_o prgylde safe
electrical connections. g ST ;

£

duces the

>and XLPE,
tribution,
and efficient

Que 5.2. I What should be:‘tli:e4tdesifable characteristics of

insulating materials
construction of cable.

.used in"cables ? Also discuss general

‘Answer

-

»

&

W o o

It should be noﬁ'Lh&
ithe surrounding,

1t should be unaffected by acid and alkalis,

A. Characteristics of inéﬁlatjng materials :

It should be flexible.
It shoiild be non-inflammable.

éroscopic so that it will not absorb the moisture from

It should be kéapable of withstandin,
It should have high temperature wi
General construction of cable :

The Fig. 5.2.1 shows t
parts are ;

g high breakdown voltage.
thstanding capability.

he general construction of a cable. Its various

Serving

<— Armouring

Ml

Bedding
<— Lead sheath
]

Insulation

111

Conductor

Fig. 52.1. General construction of a cable.

Mission of

gystem ]

power &7 al, ENSeng
aductor OF €O¥e: £ sinel d
co i nsists of single con uctor
5 n co OT moy, 3
- This S(ﬂfcmrs are also called cores, ® than one Condugt
b heco d are alumini '
uctors used ar UM Or anneg)aq co
- e i"r‘;i ded in order to prov1de.ﬂex1bility tothe cgﬁg- The Conduetoyg
g s . .
aré Each conductor or core js ¢ .
ion : lnach C X overed by ingyjas:
2 In?‘;llfsls. The comoﬂy used }nsulating mateﬁa]matlzl:]°fp{ﬂper
thwbric vulcanized bitumen and Impregnated pape,. rnisheq
cambi™™

. : insulated condyct,
c sheath : The insulate OTS are covereq,
. M(:ﬁaﬂ‘ ;jum sheath. This provides the mechanica] PrOteetiziiﬁ :Il:e'ath
orstrl‘f‘m“cts moisture and other gases to reach to the insulatiop anly
re - allon,
Bedding': i
metallic sheath is covered by another
Thg ding consists of paper tape ‘compound?_d
})jte strands or hessian tape. . J
The purpose of bedding is to protect the mgtallic sheath from corrosion
and from mechanical injury resu}tmg due‘_to‘armouﬁng. ,
ouring : This layer consists of the layers of galvanizeq steel which
g provide protection to the cable frq’m t}ge mechanical injury,
Serving : The last layer above the armouring is serving. It is'a layer of
. fibrous material like jute cloth which protects the mmouﬁng from the
atmospheric conductions.” . * '

lé;er.‘éalled l;eddin

! 2. The

ylth a ﬁyrous materia] |ike
3 -

Que5.3. | Discuss different types of insulatiilg mi;terigl; used in

[ AKTU 202324, Marks 10 |

power system.

‘Answer I

Following types of insulating materials are}used in power sys'tem: : ;
Polyvinyl Chloride (PVC) : PVCis atidely used iy
known for its flexibility, chemical resistance, and low cos T
used as insulation for electrical cables in low-voltage app I:t poiymer
Cross-linked Polyethylene (XLPE): XLPEis aﬂ.lem.l::;l elfrﬁ medium.
With excellent electrical and thermal properties. It is s'uln networks.

and hiE-Zh-voltage cable insulation in power distributio

; hetic elastomer
Ethylene Propylene Rubber (EPR) : EPRis i:: Z:t}'leeat, ozone, and
own for itg flexibility, durability, m,ld res}Stm:iium-voltage cables.
. eathering It g often used as insulation for me d ag an insulating
- . se .

4 ghneral insulating oil : Mineral oil is commonly u good electrical
uid i f :
ingy],

L

. offers
Power transformers and smtc.hgear. ;[:ﬂities.
ation properties and excellent cooling cap
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6. Sulfur hexafluoride (SF6) : SF6is agas know'n for its high dielectr;,
strength and excellent insulating properties. It is used as an im“lating
and arc-quenching medium.

Silicone rubber : Silicone rubber is a synthetic elastomer knowr, for

6.
its flexibility, high temperature resistance, and w‘eatl‘lering Tresistance
It is used as insulation for high-temperature applications. )
7. Glass and ceramic insulators : Glass and ceramic materials are ygg, 3

substations.

PART-2 |

Extra High Voltage Cables.

Answer |
1. Extrahigh voltage (EHV) cables?
voltages typically above 220k}
2. They are essential for long-dist:
electrical grids. :

ed

> used for transmitting electricity at
oftenup to 765 kV or more. .
%

5 .o
power transmission in large-scale

 handle extremely high voltages; offering

3. 'These cables are designed’to
low energy lossés and’higher transmission efficiency. ="
4. ated with materials like cross-linked polyethylene
reliability and safety. :
5. “also includes multiple protective layers to prevent

{electrical breakdown, overheating, and envir

6. They are commonly used in:power ‘plants, substations, and major

mdugﬁiélp}OJects

What is grading of cable ? Why is it neéessary ? Explain

capacitance grading with suitable circuit diagram.
OR
Explain the grading method of underground cables with

mathematical expressions.

to manufacture insulators for overhead power transmission lines and -

_4 Potential difference across inner Ia

-1
gyste” , 558
Power (EN.sem -5)

r R : .
W of cables : The process of °btalfling -

b

cess!
Ne follow

eater insu.

ress 1I}t : Grading of cables is done because ¢},
ing two unwanted effects : ® inequal distribuiyy

lation thickness is required, which increas :
; ’ €S the cost
and

=

Gr
X s lead to the breakdowsi of insulation,
[t ance grading or dielectric grading ;

acit .
) CapP ading done by using the layers of dielectric having gify
erent

: { .
i  tivities between core and sheath s called 5 acitiv :
Pezml r = Radius of conductor  » e gf'admg'
g Le ryreR= Radius of dielectricg /
>80~ %

r TEEN 4 83
.- Fig. 5.5.1, Dielectric grading

dlectric stress is given by,

==
R ey

i f

i =l

e q Xr].n'l'=gmnlr1nr
2n g, €T o

5 Similarly, the potential difference betweenr,

R
6. Potentia] difference between r, and R, Y:;: Buwa 2 5
T Total potential difference between coré ?ﬂd earthed she2

V= V1+V2+V3 # n
. It —2-+g 13"7 T,
= gm”lrln—rl""gnuerZ n . :

A’l Gr”di?’ginsulamn of cables is called grading fcagi’:n dirstx-ibutioll of
8. 3

2
= G0
andry, Vp= Bmnt 10y

3

--1‘
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i able, C= 2
8. Capacitance of cable, C = 37
= q 2
g (1pn, 1yn 1, R
21:50La, r g n g er

9. Maximum stresseé;

g = —
waxl™ o g, &7

9
21 g, €513 ’

Ems™ 9 g, R

10. If maximum stress is same ir{;ea‘ch}ayér,;" i
: maxéégmax (say)

11. Total voitage applied across

Que 5. )is ter-sheath grading of czilﬁes;'. What are
practical difficulties’in the grading of cable 2 >,
| AKTU2021-22, Marks 10

| | AKTU 2023-24, Marks 10]

A 1nfer-sheath grading of cable: - ‘

1 .Irrinters_heath grading, a homogeneous dielectric is used, but it is divided
into various layers by placing metallic intersheaths between the core
and.lead sheath. The intersheaths are held at suitable potentials, which
are in between the core potential and earth potential.

2. Consider a cable of core radius r and outer lead sheath of radius B.
Suppose that two intersheaths of radius r,andr, are inserted into the
homogeneous dielectric and maintained at some fixed potentials. Let Vo
V, and V, respectively be the voltage between core and intersheath 1,
b}(itwel;en intersheath 1 and 2 and between intersheath 2 and outer
sheath.

. The dielectric is homogeneo

-1 5
m
gyste e
t . N-Se,
o pere i8 2 definite potential differenq, |, tw, ay
s of each intersheath, therefore civeen Inner gpq
an,

ginc® ta er: ; , each gh "
utegomogenequs single core cable, sheath, Ca“betreated
a
. stress between core and the inte :
; Ma?ﬂ!ﬂum ey rsheath Lis
' B1max ™ =
rlog, X
r
V,
imilarly, Bomax = “2'_
g 5 ' rylog,2
‘ r
__% L
83max = “R
. Rlog,—
. r
Lead
Sheath

Intersheath 1

Inteljshéith 2%

Fig el |
us, themaxxmum stress in each layer is the
Same Le"'glmnx =g2max =g3ma,;., St

W Y :

L % Rlog, B
rlog, 7‘ r,log, - og, r

As the'cable behaves like three capacitors in series, therefore, z;n]th;
Potentials are in phase i.e., voltage between conductor and earthed lea
sheath jg

V=V, +V,+V,

" Practical di ies i i Blest;
3 fficulties in the grading of ca often have

h-voltage cables often 2
%insulation and shielding.

C . .
mplexity of cable design : Modern hi
h cables can be challenging

co. ]
;;pgrlgx designs with multiple layers o
g effective grading systems for suc
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2. Material selection : Finding materialg that offer both adeqy
electrical properties and compatibility with the cable’s °°nStruct?:e
materials is difficult. n

3. Cost and resource constraints : Advanced materia]g aiy
manufacturing techniques necessary for grading are costly. By d d
limitations and resource availability can impede the adoption of inteit'

sheath grading.

PART-4 |

Insulation Resistance of a Cable.: *

Que 5.7. | Derive the expression for insulation resista.ﬁcé ;)f a single

core cable.

Answer

1. The resistance offered By cabléto patli of the leakage current is calleq

an insulation resistance.

i Flemgntary
o 2 s rmg o
Direction
~of leakage .
“current
1
T x 1!
1
1 e

—

Fg571 Smgle 5able il Fig. 5.7.2. Elementary Ring.
2. Load current flows through the core of cable while some leakage currer}t
flows radially from the conductor.to the sheath through the dielectric

material. §
3. Resistance of any material is given by,
l
R=p—
Pa
where, p = Specific resistance of material.

! = Length of material.
A = Area of cross-section of material.
4. Resis_tance of elemental circular ring at distance x,

. dR = pﬂ (unit length of cable)
2nx

. 5-9R (EN. Semg
akage resistance, )

R
# EPy [
& a 21:[ x
.. p,.. R
= ?Z;hl? ohms/metre
b ofcable is [ units.
jfle? - P B
: Iﬂaiiage resista-“ce’R T okirns

PART-5] .

ngle Core and Three Core Cabies

copacitance of ¢St

d = Conductor diameter=: > -
D = Total diameter with sheath
Q = Charger per meter length of conductor in coulombs

¢ = Permittivity of a material between core and sheath
= Permittivity of free space = 8.854 x 10712 Fim

¢ = Relative permittivity of the medium 7 > 7
Consider ari elementary ¢ylinder with radiusx and axlal ?ensth'of1 m.

X The thickness of the cylinder is dx. S, O

[

- Conductor

l«—Sheath

Dl

4

(@)

Fig. 5.8.1. Capacitance of a4sji!'1§1;e'°°re"cable' J
Flux densit .9 - £
v D, = Surfaccarea 2w



65-10 B (EN-Sem-5)

Insulateq Cableg

The electric field intensity at any point P on the elementary cylindey .
D, Q € V/m

g, =—*= =

€ 2nxe  2mxegE,

4. Hence the work done is moving a unit charge a distance dy
direction of an electric field is g,dx.

5. The work done in moving a unit charge from the conductor to shy
the potential difference between the conductor and the sheath

In the

i eath jg
8lven by
DI2 Di2 Q 2

= dx =
Vs d'[z £ d'[z 2nxe e,

Q Di2 _d_x__

2mEE, gp X

Q [
= log =+
2n z.;Ol':r g..{ N

dx

6.

1. In a 3 -core cable, sheath is at earth potentlal and 3 conductors at supply
potentials.

2. There are six capacitance formed, three capacitance between sheathed
conductors and other three capacitance between conductors.

3. The capacitances are shown in the Fig. 5.9.1. The core to core

capacitances are denoted as C, while core to sheath capacitances are
denoted as C..

o core capacxtances C arein delta and ¢

e cOT t star as shown in the Fig.5.9.2 anhfp’!esemedmme

equivaleD

5, The impedance between core 1 and the star poth canbe obtamed as,

Z,,Z,,

Z; = —213 —_ [from delta star conversmn]
4 Z,+ 2+ Zy ‘ !
qu : Zyy= Z13=Zm—mt,.
A 155 B
7 - ©C. oG 117
T8 3G,
oC, §
And z =L
> oC,
1 1.1
oC, 3 oC,
6 ¢, =3cC, A
If star point is assumed to be at earth potential and if sheath i

farthed then the capaclta.nce of each conductor to neutral is,

1. =C,+C;= =C,+ 3C,
Ity oh 1S phasQ VOltage then charglng cun-ent per phase is,
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ey
Is o—qt Vo 14 '
apacitance reactance/ phase = “}E’i = X&
CN 1
. I=oCyV,y, A - aC,

Measurement of C, and C,:
1. Measurement involves two cases.
Casel:
i  The core2and core 3 connected to sheath. Thus th
and 3 and C, between cores 2, 3 and sheath get elirengf between Cores 9
the Fig. 5.9.3. ated as showy
ii. All the three capacitances are now in .
sheath. paraliel actoss core 1 and g,
fii. The capacitance ofcorel with sheath is . ¢
by C,. 5 measurgd practically sng denoteq

-(5.9.1)

Sheath

(®) .

o cores are bundled to: ity
. -Y%:L gcc:aapatf:: grxg_efs. This is shown ing ::11;?{;}5113 thmates all the cor
S 2 pant ) .5.9.4.
i é;péf:i?ces .Cs arein parallel between the common core and sheath.
Jseapag ance is practically measured and denoted by C e
C, = sC¥pEEs EALCTY)

-1 . ~ 5-13 B (EN-Sem-5)

power syste™?
Solving ed: (5.9.1) and (5.9.2),
C, :
= —=2+2C,
C,= g+
c, G .G
C = o b Foihad
‘ o 2 6 and C, 3
g, Thus poth the capacitances can be determined
T Cy=C,+3C; " ’
¢l G|
= ._"-+3[_"___b_]
3 2 6
3C,~G;.
Cy="3""% fln .693)

4, Capacitance can also be calculated by empirical formula given by Simon.

The formula is given as
Cr = T+t (’).029?- srfm * £ pF/km
log [1 +\,>T {3.84_ - ‘f +0.52 -772—}]
where, g = Relat/i:vgper;izittiiylt}’l of the dielectric
d = Conductor diameter :
¢ = Beltinsulation thickness P
onductor insulation thickness. 7 _on

ductorin a

Que 5.10. ‘ Show tha ‘th mgsi’:"/economical size of con
single core cable is obtained when radiusof cable sheat.h (R) equals
e.r. where e is the base of radius of conductor: Explain dielectric

loss. & AKTU 2021-22, Marks 10
Answer ‘ B B : : V
A. Most econiomical size of conductors g . .
1 et ' Radius of con uctor’or inner radius of insulation.
k _ Internal radius of sheathor outer radius of insulation.

g, = Permittivity of free space- .
eo = Relative permittivity of the dielectric.
™ _ Charge on the conductor per unit length
yo o _+o-peutral voltage
v=0 eratmgphase to-ne g
= Op! a distance® from the center is,

9. The electric flux density at
q
Dx =
onx . .
and the electric stressis given by,
- ...(B.
- S/S = (2ne,e )% 6.10.1)

- oEr he conductor and the sh i

! .1 difference beitwei.’n g sheath iz equal
3. Thehpowitaé:xf to move 2 unit charge from the conductor to sheath
to the wo! '



5-14 B (EN-Sem-5)

615
’ SyswIll B (EN'Sem.5)
Insugy, Fower ‘ dln [2] 9 @2v) 9 D
ateq Cahles ag d ad -2V a [d In [‘)]
R R . ZOomax —
,o of =g - : od s (v ——a
Thus’ i !ngx .! (27.: a«ver)x o [ ( )}
=4 ln'E :
2neE, r (5.10)
(&) =1 (5.104)
d
Fig. 5:10.1. Single-core cabl,
4. Combining eq. (5.10.1) and (5:10.2), we get
A P

8=
st
B r

The maximum stress will occur at x = g =

7 -:(5.10.3)
(T
r/so.
5 S Vv
The minimum stress occurs at x = R, 8=

Rln [E]
Ratio of maximum and minimum stress is,
o Emx _ V/rln(R/r) _R_ D Outer diameter
8un V/RIWMRIT) r d

Dié, D X
i T e I AT
d " Inner diameter 11 Hence, the core diameter must be.1 /2,718 times the sheath diameter
i ini v By _ 50 as to give the minimum v:'a\lue ofgmu-
The value of g, __will be minimum when =0 1. The valie of mtaiomrs g is,
Putting r= s and R =§ in eq. (5.10.3), we get Minimumg, = %
__2v v
Emax = D] Minimumg,_ = -
dln . r
d ]13 Dielectric loss :

ting current
Dielectric loss is the energy loss that occurs when analterna
) %1(13) flows through a dielectric material.

move through
is loss is caused by the friction of the electrons as they
the material.
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5 . . i og
The amount of dielectric loss is proportional to the fye,
5 current and the dielectric constant of the materia], Quency 0fthe i
4. When dielectric loss occurs, it generates heat. Thijg hea
cable to overheat, which can damage the cable and shorte,lai’:scﬁu
: i

Se the
} . . . fog
Que 5.11. l Find the most economical diameter of 5 singloq, Pay,
€ co,

tobe usedvon 66 kV, 3 phase system. If the peak perm;
not to exceed 50 kV/m. Also find overall diameter,

re cable

ssible Stregg is

ARTU 202122, Vv o
AKTU 202324, Nioris =

1 RMS value of phase voltage = —o- = 38.16kV

J3
9. Peak value = 38.15 x /2 = 53.94 kV

Answer |

3. For economical size of cable, B —e= g
o T }
- 2 VEn.V
oax™ ST (R/P) 1
53.94
£ 3
r=1.078 mm
4. Economical diameter,d =2 xr
2 x 1.078 = 2.157 mm
5. Overall diameter,D =e xd [ e=271
=2.71x2.157

= 5.845 mm

PART-6

i Overhead Lines Versus Underground Cables, Types of Cables.

Que 5.12. ' Compare the overhead lines and the underground

AKTU 2020-21, Marks 10
. OR
Explain the comparisons between overhead lines versus

underground cables. AKTU 2022-23, Marks 10

cables.

Underground caple

Above ground on towers/| Buried undergroung

poles.

—
More challenging t,
access and repar,

Higherinitial cost.
Slightly lower efficiency |Higher efficiency.

Joltage Suitable f9r high voltage Sui‘gjéxf)l_g }'of'medium to
5. | capacity transmission low voltage transmission,

i sual impact Can be visually intrusive I;és’évis{i;xlly‘ intrusive.

/51’3" Describe the selectioih'vof-t'iié;:'abl@e‘syand the capacitance
Qque 513 Sr. gy

AETU 2020-21, Marks 10|

Selection of cable: The factors considered for selecting the?able;‘;:

Rated voltage : It is necessary to select a power «cab ggble of

supporting a particular system voltage. L

9. Current carrying capacity : Each power cabwlidgsxgnw_ d to opera’ge
under certain temperature conditions. Current carrying ,capacgt}r of power
cable is dependent on conductor material (Cgpger /;Alumm) and
insulation type. . Sy -

3. Voltage drop : The voltage-drop per unit leﬂgth of cable should be
minimum. R E

4 Short circuit withstand : A power cablein case of §hort cucuﬂ: ;Zenz
should be able to withstand thehigh current values without an}f ag
to the cable and insulation. o . i

B. Capacitance grading : Refer Q. 55, Page 5-4B, Unit-5.

Q“QT‘L\ Discuss in brief about the different types of cables.

OR
. : Jted type
Explain with a neat sketch, the construction of a 3-core be

cable, ARTU 202223, Marks 10

Answer

] for which
The type of a cable basically decided based on the voltage leve

. tion such as
it is manufactured and the material used for the insula
Paper cotton, rubber etc.
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Types of cable : . ley

Low tension cable (L. T. cable) :

These are used for the voltage levels upto 6.6 kV,

The paper is used as insulation in these cables, Some t;

used which increases the viscosity and helps to Preve ;me Tesin jg als

3. The Fig. 5.14.1 shows the cross-section of 5 single cg dra age, °
consists of a circular core of stranded copper or a_luminrii;.T. cable, ,

0

Brass or steel
armouring

Serving

Lead

{Conid
sheath uct'?r

\ ‘Imi)fégnaféé
o *paper
:14.1. Single core L.T. cable.

4. The conductor is insulated by impre nated
insulation, the lead sheath is‘rprov?deg then ap;i:;; (:,‘;‘e: o the pape,

fibrous material is provided. Then.armouring is provided mgomlded
covered again with a layer of fibrous compounded materiale'm',- finally

B. Medium and hightension cables Ew.

1. The three phase medium.and H.T. cables are threé ¢ s
3 : -1 €€ core
voltage upto 66 kV.the three core cable i.e., multicore cable ::: féegor

These cables are classified as :

a, Belted cables: -
1 %(Qhese are used for the voltage level upto 11 kV. The construction of
l;elﬁgd cable is shown in Fig. 5.14.2. :
S ute —
at the Lead sheath
top Conductor
Paper
insulation
Jute filling
Paper belt
Fig. 5.14.2. Belted 3-core cable,
2. shape.

The cores are not circular in shape. The cores are insulated from each
other by use of impregnated paper.

’ -1
qor 59 ste? 5198 (EN-Sem 5
c e three cores are grouped together and pelyeq With the he}
elp of a

- pelt.
3 or be . )
paP are filled with fibrous materia] Jike ; o
4 10 gzgfs:tional shape to the cable. Jute. This gives circulay
3 058~ . )
;s covered with lead sheath which py, "
3 The :f;z gises mechanical strength. Protects cable frop Moisture

The lead sheath is finally covered by jute like fibyys COmpoundeq
e

B paterie bles : These cables are y;
i d type cables : These cables are used for ¢
g;l:s;azﬁd 33 V. The two types of screened cabI:s ::ev.oltage levels of
gtype cable’ > .
ere is no paper belt is this type 9f cable. Each tonductor iz this cab]
(s insulated with a paper, covered with a metalli¢ erecn which gene:all;
ninFig. 5:14.3,

S aluminium foil. The construction is shown ir]

o

Metallic screen
Fig. 5.14.3. H-type cab
ii. S.Ltype cable (Separatelead screened cable):

1 Inthis cable each core is insulated witli‘éxﬁq;pfégnatedpaper and eacb
one is then covered by separate lead s_shéath.'>

Conductor

Papér
insulation

Separate
‘lead sheath

Cotton tape
Fig. 5.14.4. 5.L. type cable.
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Insulnted Cab
2. Then there is a cotton tape covering the three ¢ %
proper filter material.

res together usin
C. Super tension (S.T.) cables: Ba

1. The S.T. cables are used for 182 kV to 275 kV voltage Jey, L
2. Such cables using oil or gas under pressure are called :
and are of two types: Pressure Cableg
a. Oilfilled cables: i '
1. Incase ofoil filled cables, the channels or ducts are provig
adjacent to the cores, through which oil under pressurevils :d Vl\’ll'lthin
) 1re) ated,
Conductor
2. of smgle core oil ﬁ]led cabl
4 7 It Consists
* but built around a hollos
steel spiral core._ g : ok cyhndncal
8. This hollow core act

;Gas pressure cables :

2 Due- to‘such a thh pressure there is a radial compresswn due to which
the ionization is totally ehmJnated The working power factor of such
cables is also high.

- ;Flg. 5 14 6. Gas, pressure cable

3. The F1g 5.14.6 shows the section of a gas pressure cable. The ¢
triangular in shape and installed in the steel pipe.

able is

'In case of gas pressure cables an mert gas like mt:mgen at high pressure

-1

m 5218

59 EN-Sery,

l’“"er 9 filled with the mtrogen at 12 to 15 g4 9 5)
he PP eno pedding and serving. **Pheric proggre

ere?
'I'h Explain the cables for high voltage ng —
rating problems with cables, Ansmission

Bﬂ AKTU 2020-21, Marks 19

el
f Aﬂs /h Voltage Direct Current (HVDC) transmlssmn cables ;

Direct Current (HVDC) trans
Voltage ec mssxoncablesar d
ngh tricity over long distan Lo oo are designeq
1 smit elec ricity g ces with powerlosses

ables typically consist of a conductor, (lIsually alitmin,

i Th ese C an insulation layer (such as cross- linked g

P‘ﬂyethylene) and

" copper); hield th
Crote ctive lay?ril ‘:cs) shie e conductor from envufmmental damage
and electrical fa \ -4
ting problems with HVDC : The mai 5
B bl:ms with HVDC cables mclude ! A Operating
ermal stress : Due to high currents heat can accumulate, leading
L o insulation breakdown and reduced hfespan

Flectrical stress : Prolonged high voltage causes dielectric: stress on
the insulation, leading to partial discharge and failure. {1 <7,
Cable joints and terminations : These are weak p "'ts in the cable
system and prone to faults. 2y
Electromagnetlc interference : The stron
interference in nearby systems. ”
5 Environmental factors : Water 1ng-ress, chemlcal corrosmn, and
mechanical damage can compromxse cahle mtegrlty, especially in
submarine applications. . 3

<y

-

¢ “c_,ﬁelds & induce

VERY IMZPORTANT QUESTIONS ;

Following questions are very zmportant These questmus
i may be asked in your SESSIONALS as well as.
i UNIVERSITY EXAMINATION e

nstlcs of insulating

Q1. What should be the desirable characte eral construction

materials used in cables ? Also discuss gen
- of cable.
A& Refer Q. 5.2.
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Discuss different ¢
system.

Refer Q. 5.3.

What is grading of
capacitance gradin
Refer Q. 5.5.

Discuss the inter-

Practical difficultie
Refer Q. 5.6. .

Show that the most

core cable is obtained when r

e.r. where e is the
dielectric loss.

Refer Q. 5.10.

Compare the overhead"lin'e"s

Refer Q. 5.12.

Discuss in brief ahg ut the’

Refer Q. 5.14. P

cable ? Why is it ne

3 s C

8 With suitab)e circuite(siis:;y ? *plajy
am,

sheath grading o

f
s in the grading of cab}!eS

cable

€conomical size of coﬁdﬁcfo
adius of cable

and the undergrounq cableg,

different types of cableg,

006

1L

Non-conventional source of erjer.

>

Write the conventional ang non-con‘veﬁti‘onaiv’sour f
' ; ce o
energy. AKTU2020.21,Marks 5

s Fo_séﬂ fuels (coal, oil, natyrq)

Conventional source of ener,
gas) and biomass.

- 8Y : Solar energy and wing
energy. i, ,

. Differentiate bei:wgen r%ilféwable and non-renevgai;le eniérgy.

AKTU 202324

.| Aspect

| Renewable energy

. |Sources

r\\ = = 3 4
Nqn-renewabl_e energy
P T CUeTEY)
Solar and wind.

‘|Availability
Dbt AN

o Coal and petroleum,
Finite.

Inexhaustible.

List the key features ofpmmary and secondary distribution

Systems in the power s&stgm. i IiKTU 2022-23, Marks 02|

Features of

pPrimary distribution system :
Itiscarried o

ut by 3-phase, 3-wire system. gl
rimary distribution handles large consumers such as factori
and industries, ) .
€atures of secondary distribution system :
tis carried out by 3-phase, 4-wire systgm. ) e

is system directly supplies to the residential end cons

i ent of
What are the problems associated in developm
Ydropowey ?
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FF"N!“E

—
&

f-":’*.‘".""!“g.

1.6.
RS

1.7,

Afis;

B. Reason: It is important in determining the capacity of the plant

1.8.

1.9.

A,
" maximum demand of the system to the total connected load of the

2
Markg Quesuun8

Huge financial requirements.

Land acquisition.

Technical problems.

Skilled manpower and labour problems,

Write the advantages of hydro electric powep plang

No fuel charges.
Highly reliable.

Low maintenance and operation charges. e,
Low running cost. Pasiisy
No standby losses. 3

Define load duration curve, | AKTU 2020.21, Marks )
A load duration curve (LDC) is a graphical - ;

variation of load demand overa period of ‘tixnrér')ll‘.ﬁ:?.llgatlizn f ftthe
with the load demand onthe y-axis and the time on the x-aygsorfvﬁd
LDC is used to illustrate’the relationship between genera °

Sy enerat;
capacity requirement‘s and capacity utilization. erating
What is demand factor ? Why is it important? /.,

A AKTU 2021-22, Marks 02

-Demand factor’: The demand factor is the ratio of the actual

system.
b s Maximum demand
" Total connected load

equipment.
For the same maximum demand, if load factor is decreased,
then what will be the cost of energy ?

AKTU 2021-22, Marks 02|

If the load factor is decreased for the same maximum demand, the
cost of energy will increase.

Explain diversity factor in power systems.

AKTU 2022-23, Marks 02
AKTU 2023-24, Marks 02

OR

What is a diversity factor ?

. ity factoris the ratio of the
D;vc;‘;hg of the various Subdivisiom{-’g

the indj
d of the whole system_

deman
What is load diversity ?

iversity in a power systerm ref;
(Ii‘gfa‘xilld across different consym, er:;ito the vari,

. St ds
a crucial role in optimizing the econgm;, eﬁ;:itors

iation jn electrig
1 ct)
" ;Z;r time, ¢ g(anys
Power Systemg

What are the roles of load divel'sity in Power
Following are the roles of load diversity . fyffem economy
Reduces the need for expensive peak power plant'
Improves over.all system efficiency P S o
Lowers operational and infrastructm-e ofs ts
Define base load and peakloag, ¢ b k Vg

ase load : Base load refers to .tﬁéﬁontihu
by base load plant e, ool mucenp it app et e
steady outputl.) ok Toad d"“~; B, ntlyat 5
Peak load : Peals load denotes temporary, high qomang g
specific periods, addressed by peaking plants (e g, gas tuiunng)
that can quickly gdjpst output.” ! ines
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I

2
Markg Q“"Stiuns

UNIT

Transmissig

n
Distribution of El and

0Wer.I

(2 Marks QueStions)

21.

22.
AnE

2.5.

. What is skin effect ?

What do you mean by single line diagra_ufiifptower et
by er system 7

AKTU 2020-21; Markg 02
The single line diagram is the simplified represe i
system components where each cdfﬁponeng‘)is r‘ég';‘aetlon of power

symbol. A A sented by its
Draw and explain 3-wire DC_systeﬁl.
In a 3-wire DC system, there are two out
wire which is earthed at the‘'generator end as shown in Fig.2.2.1.1
the load is balanced, the current in the neutral wire iszero.

ers and a middle or neytya)

Fig.22.1.

AKTU 2023-24, Marks 02 |

The tendency of alternating current to concentrate near the surface
of a conductor is known as skin effect.

. What is proximity effect ?

The distribution of current in a conductor is affected by the preseu;g
of other conductor in its vicinity due to inductance is known
proximity effect.

Write Kelvin’s law of power system.

AKTU 2020-21, Marks 02

gystom

5Q-5
qef Al (EN'S""“'5)
p I{elvi“, s law of POWeT system states that o

A,{ji

211,

g

. Which factors affect corona ?

. Conductor surface gradient.
. Condition of conductor surface.
. Atmospheric conditions.

_section of a conductor is that for w] St economgy) area

Most
hich the Variable papt

of Y058 charges is equal to the cost
of energy v,
sted per
Year,

P f annual

What are the limitations of Kelvin Jay, .

AKTU 2021-92, Marks (3

Itis difficult to estimate the energy loss iy the line wj
dcurves. .
}I('JI?e conductor size deifermmed by Kelvin's law may not alwagsh
cacticable one since it may be too small for the safe ¢ ays be
P sary current. £ ;alrymg of

thout acty,)

neces

Define term corona.

The phenomenon of violet glow, hlssmg n0i$E';1nd

A o e production
ozone gas in an overhead transmission Tine is of

0Wn as corona,
Define critical disruptive VOltageténd visual eritical voltage,
Critical disruptive voltage: It is defined as the minimum phase

to neutral voltage at which corona occurs. It is denoted by Vcor Vi

. Visual critical voltage :'It is the minimum phase to‘neutral

voltage at which corona glow appears all along the}jné; It iS;dg]jﬁted
by Vi ‘ & &7 4°

3 E

. What is a Ferranti effect? , rAKTU 2020-21, Marks 02 |

OR
What is Ferranti effect ? [AKTU 2021-22, Marks 02|

The phenomenon of rise in voltage at the receiving :Péiﬂgctthe
open-circuited or lightly loaded line is called the Ferranti -

Is corona more in AC or DC? |AKTU 2023-24, Marks Lz

. toDC
Corona effect is more prominent in AC systems compared
Systems.
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2.12. What will be the effect of i

2.13.

2M

arks Questions
1ne capacitan,
on line ? ce for lagging loaq

AKTU 202535, Markrss

of line capacitane
e is ¢
ot 0 reduce
o reduce the copper losses of th Iage
Why the line capacitance is neglected in short
lines ? -

in the medium transmissi

On lagging load, the effect
drop along the lme and als

In the analysis of short transmission lines th
is given by :

XC
anCl
Since the value oflength (l) is small in th
therefore the reactance becomes very hl;}SlhOrt B pemizsion lines,

High reactan
an open circuit; hence effect of capacltance isneglected m‘:l?]means
transmission lines. & @short

000

-1
g gyste™® il Lens
' Transm;
L Missiop
Distribution of Elecil o
Powe
r-II
(2 Marks Questlons)

51 Define the term ‘Sag’.

[ARTU 20005, e

The difference in levels between point
on the conductor is called sag

iy

32. What is the importance

x5 It protects the conductor from excesswe tension, In order to permit
a safe level of tension in the conductor, conductors are uot fully
stretched, rather they a;re allowed to have sagged ¥

33. Explain the factors affecting sag of ‘an’ overhead
|XKTU 2022-23, MatksJ

transmission line.

.-

o W E

Weight of conductor
.. Span length (distance between th
. Working tensile strength 0 %
. Ice coating

Wind pressure and temperature :

34. Explain the effect on sag of: tmnsmlssmn lineif the heléh
ARTU 2022-23, Marks 02

of tower is increased.

Anis. The formula for sag is,

wL?
S= &1 s
Weight of the con uc or
where, VX = Spe;i length of the conductor

T' = Working tension o0/ 'n
Now, according to the given formula sag15? e ar decress® 0
tower, i.e., there is no effect on 538 i“shangems .
height of tower. Hence these will be n¢
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0,
35. How are voltage distribution anq the striy, £f; =
effjo;
affected by rain ? AKTU 202133, Mar‘:en
Ans Inthe rainy season, insulators ar 202

d € wet and the
value increases. Thus the ratio of shunt to mut{',;‘ftc‘;alaca

_Pacitance
k decreases. This increases the uniformit tance

& e Y of the volt i
Hence in rainy season, string efficiency js higher, s

3.6. Define string efficiency, - AKTU

Ans String efficiency is the ratio of volta;

the product of the number of unit,
nearest to the line conductor.,

2020-21, Ma!'ks 02
8€ across the whola aror
s and voltage a_co ° Stn‘ég 111111%

String efficiency = Voltage across sfi‘iifg?“ ‘
. n x Voltage across the 1g

where,

WeTmost uni

n= Numbgr of units

late ?

{3.8.,‘ What ;é-e the typ.
. distribution ?

oiac ol B

es of insulators used in transmission and

® RN

Pin type T
Suspension type
Strain insulator

. Shackle insulator
Stay insulator.,

How are the causes of failure of insulators ?

Cracking of porcelain
Porosity

Puncture

- Mechanical stresses

. Flash-over.

m-&x_ws\bf-‘a

S arms.
] of long CTOSS @ : .
;xﬁf ' g:; o stance grading or grading of unitg_

2 e of guaxd rings.

3. 4 are uses of sag template ?
an s the uses of sag template :
sil- JJowing are U
5 Fo orrect design and economy.
. For ise d to allocate the position and height of tpe
Ttis :

: onthe profile. £

S“P_Pol't Correctly

g

t are the different types of damlp';evl'{s used ?
W1111: wing are the types of dampers used ) W
Spacer dmper

Anti-galloping damper
 Twisted spacer damper
" Tuned mass damper.

B
=
= E W

[SA
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2
Markg Q“estions

Transmission Line

Parametg
T
(2 Marks Questiop sj

————

UNIT

4.1. Define transposition.

Ans: Transposition refers to periodically switchi, »
y switchin,
f:onductors to balance inductance: AT d#c‘apagi‘glx?c
interference, and minimizing unbalénced voltagesin |
power lines. Che”

Positions of
©, reducing
ong-distance

42. Explain symmetrical and. unsymmetrical spacing of

«

conductors. - " AKTU 2020-21, Marks 02

A. Symmetrical spacing: If the three conductors A, B,
symmetrically at the corners of an equilateral trian
then the spacing is said to be symmetrical. g

B. Asymmetrical, spacing : When 3-phase line conductors are not
qudlstant from‘each other, the conductor spacing is said to be

urisymmetrical. 3 s

C areplaced
gle of side d,

£

43. Differentiate between GMD and GMR.

“, AKTU 2021-22, Marks 02|
/ ! GMR
1 Definition | Average distance between |Equivalent radius of a
conductors in a system. conductor.
2. Uses Transmission line |Self-inductance ‘and
calculations. capacitance calculations.

44. Why the effect of ground on the line capacitance can be

AKTU 2021-22, Marks 02

A%E; Due to smaller lengths and lower voltage, the capacitance effects
are small and hence can be neglected.

neglected ?

SQ-11
rSYstexn'I 8 B ENSem )

sify various type of supports used in poywe
r

AKTU 2029.23, Marks g2

e
cla i
I ansmiSSion lines.

tr

b Woode2 poles.
. Ste el poleS.
CC poles:

> Iﬁamce steel towers.
4.

ibe the uses and advantages of bundled conductors,

AKTU! 022-23, Marks 02

46, DesC

A5 Uses of pundled conductors :

Ove rhead power transmission lines.
1 te

ound cables. e B
) Ug?z;g:ages of bundled conductors: -
B. ?{educed corona loss due tolarger cross-sectional area.
;. Tmproved voltage regulation. !

47. What do you mean by self GMD and mutual GM])?
N [AKTU 202324, Marks 02

?

Self GMD : ) . By )
l} Self Geometrical Mean Distance (GMD) typ}c?ny refers to _th,
' distance between conductorsina transmission line configuration,
i i ] ission lines.
specifically in overhead transmission ines. )
2 Tlixe self-GMD is calculated by considering the geomeatlzlc
. arrangement of the conductors in relation'to each oth'er. It -tt. :
into account the spacing between conductors a:;)d t}:ﬁnr positio
relative to cach other within the same phase or bun 1 e.ezm o
B. Mutual GMD : The mutual-GMD is the geox'netxl'lca nrlesents 4
distance from one conductor to the other. It simply Tep
equivalent geometrical spacing.
iti jssion lines ?
48. What is the nced of transposxtx?n of tr;u;::!;:;il'o
Auig. Transposition of transmission lines1s neede

S.
1. Itreduces the electrostatic unbalance among the three phase
2. Itisalso used to stabilize voltage unbalance.
3. It helps to reduce the system power loss.
ead lines ?

s 1o % h
49. Why is leakage conductance negligible i pues
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2 Markg
Que5t‘
ANK The leakage conductance is d 2
! : ue to leakage ¢
:nsulatgrsaland air. As~le.akage cwrrent is coisid%;;%‘ll;s OWing acrg
0 nomin c1}rrent,.1t 1s usually neglecteq and th, o c"mpﬂ!‘s;
conductance is negligible in overhead lines, erefore, e
4.10. What are the factors i
transmission line ?
AN Series resistan

ce R, ind
conductance G. rastance L;

shunt capacitance C ang

©©©

Insulateqd Cables
(2 Marks Questiong)

What is general construction of cable ? »:.{, e

insulation

Conductor

Fig. 5.1.1. General construction‘otfé'i:z;blr_ B

&

5.2 Summarize why metallic sheath is proﬁdeq in underground

. cables.  [ARTU 202223, Marks 02

s Th i i ided i d cables for
G5 The metallic sheath is provided in .un.der.groun ]
mechanical protection, electromagnetic shielding, and grounding.

53. List the different types of insulating materials used in

K ks 02 I
underground cables. @U 203228 Ar
Aig;
L Paper insulation.
2. Polyethylene (PE).
3. Cross-Linked Polyethylene (XLPE).
4.

Polyvinyl Chloride (PVC).

54. Write the main causes of insulation failure. 21 |
AKTU 202324, Marks 02|

1
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2 Mm‘ks Questiong

55.

se

Main causes of insulation failure include :

Electrical stress : Overvoltage or volta;

} ical ge surges can
insulation’s breakdown strength, leading to die%ectric l?: ceed the
and insulation failure. eakdown
Thermal stress : Excessive heat can degrade insulation mater;
reducing their dielectric properties and causing insy] n?ls’
breakdown. Sulation

Why single core cables are usually not provided witp
AKTU 2021-22, Marks 02

Single-core cables are not usually armoure:d'inf order to avo; 4
excessive sheath losses. IR, iy o1

armouring ?

. How do voids in the insulation cause breakdown of the

cable ? - [AETU 2021-22, Marks 02]
The breakdown strength of:the void.is lower than the insulation
because of the lower permittivit}{ of the void so the presence of void
leads to insulation breakdown. i

. Discuss the underground cable losses.

[AKTU 2023-24, Marks 02|

7 Underground cable losses primarily stem from resistive losses due

to the conductor material and length, as well as dielectric losses

from the insulating materials. These losses are influenced by factors

such as conductor size, cable length, operating voltage, ambient
temperature, and frequency.

ad lines and underground

pifferéntiate between overhe
" cables. [AKTU 2023-24, Marks 02 ]
Ans
S.No. Criteria Overhead lines Underground cables
1. Maintenance |Generally easier to More difficult to access
inspect and repair. for maintenance,
requiring specialized
equipment.
2. Cost Typically lower initial Generally higher initial
installation costs. installation costs due to
excavation and
materials.

ste® ation of underground cables.

W assiBE

(ST cables.
. 1 tension (EHT) cables.

ra
§ Bt asuper_voltage cables.
tr
5. B d be the desirable characteristics of insulating
¢ sho ased in cables ? ¢

al
5'10' m atel'ials

ible.
ﬂﬁi It should be flex ' bl s
' rshould Pe non-inflammabre: Ak, ¥
g, 1ts dbe non-hygroscopic o thatit will not absorb the moisture
Jtshott & N b

from the surrounding. 7%

3. "C‘z;vl'
t should be unaffected by acid and alkalis.

4 d :

n important factors t

o be considered while selecting

51l Mentio

ble- . & oo
5 ;}f: factors to be considered in selection of a cable are continuous

i {ssible voltage drop‘and short-
t rating, voltage grade, permissi edropands
z;;fji? rating (in case of HT cables only) gnd ope;atlpg cggf.'"

2 Why is it necessary 2

What is grading of cable
< _a_ g OR B
[ARTU 2020-21, Marks 02

Define the grading of cable.

g

N
o

A

Grading of cables : The process of obtaining uniform distribution
of stress in insulation of cables is called grading of cables.
. Necessity : Grading of cables is done because the unequal

distribution has following two unwanted effects :
s required, which increases the cost

=

i. Greater insulation thickness i
and size.

. It may lead to the breakdown of insulation.

[=H

513,

Write the expression of insulation resistance of a single-
core cable.
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2 Marks Questj,
ng
Ans Insulation resistance of a smgle -core cable is given |,
y
Rins 2 il ]'Oge
where, p= Re51st1v1ty of the insulatin, .
= Length of cables § material
1y, Ty = Radii of cable conductor anq j
respectively. Internal sheqyy

5.14. Name the sources of heat generation in cables,
Ans:
1. IR losses in the conductor.
2. Dielectric losses in the cable insulation. ; Ul
3. Losses in the metallic sheath and armourihgs: ! R

©0©

power SYStem - I SP-1B (EN-Sem-5)

B. Tech.
(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2020-21
POWER SYSTEM-I

Tijme : 3 Hours Max. Marks : 100

Notes: Attempt all sections. If require any missing data, then choose
suitably. id

SECTION-A /'

1. Attempt all questionsinbrief. | G (2x10=20)
a. Write the conventlonal and non-conventlonal source of
energy.

Afis. Refer Q. 1.1, Page SQ—IB Umt—l 2Marks Questions.

b. Define load duration curve:.+
Anis. Refer Q. 1.6, Page SQ—2B Unit- ‘1, 2 Marks Questions. £ £

c. What do youmean by smgle line diagram of power system ?
Ans; Refer Q. 2.1, Page SQ—4B Unit-2, 2 Marks Queshons

d. Write Kelvin’s law of power system. /7 = >
Axns. Refer Q. 2.5, Page SQ—4B, Unit-2, 2 Marks Questlons

e. What is a Ferranti effect ? # 3
Ans. Refer Q 2.10, Page SQ—5B Umt 2 2Marks Questwns

f. Define the term ‘Sag’
Afis, Refer Q. 3.1, Page SQ—7B Umt 3 2 Marks Questions.

g. Define string efficiency.
Ans. Refer Q. 3.6, Page SQ-8B, Unit-3, 2 Marks Questions.

h. Define transposition.
Angs, Refer Q. 4.1, Page SQ-10B, Unit-4, 2 Marks Questions.

i. Explain symmetrical and unsymmetrical spacing of
conductors.
Axis; Refer Q. 4.2, Page SQ-10B, Unit-4, 2 Marks Questions.

j. Define the grading of cable.
AWE Refer Q. 5.12, Page SQ-15B, Unit-5, 2 Marks Questions.
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SECTION-B !

2. Attempt any three of the following ; a
a. With neat sketch, de\scribe the nucleg) Power b Oxg, 30)
AGE Refer Q. 1.7, Page 1-8B, Unit.1. ant.

b. Explain corona effect and the fac}iors affectiy
Write its disadvantages, - P g the Corop,
ABS Refer Q. 2.19, Page2730B, Unit-2, ’
¢ Explain the method of calculating the sagfor the same]
" AHE Refer Q. 3.1, Page 3-2B, Unit-3. (', - e €leve],

.d. Derive the €xpression of inductani:éraf siﬁgle phase li
TS Refer Q. 4.3, Page 4-5B, Unjt.4. A e X ne.
e. Compare the 6verhead lines and the imdei'-gmund cabl,
AnS: Refer Q. 5.12, Page 5-16B, Unit.s, os.

3. Attempt any one part of the following ;
a. With a neat sketch explain the function of m,
thermal power plant, »
AfE: Refer Q. 1.6, Page 1-7B, Unit-1.

(10x71= 10)
ain Parts of

-

. A generating station has a connected load of 450 My and a
maximum demand of 250 MW; the unit generated being

615 x 10° per annym, Calculate the demand factor and Joaq
+" factor,

R‘ﬁ‘é‘: Refer Q. 1.16, Page 1-16B, Unit-1.
4,
a

~Attempt any one part of the following :
. What is the single line diagram of power system from

AfE Refer Q, 2.4, Page 2-4B, Unit-2.

b. Calculate the distance over which aload of 15 MW at 0-8§ of
can be delivered by a three-phase transmission line having
conductors each of resistance 0.905 ohm perkilometer. The
receiving end voltage is 132 kV and the loss is to be 7.5 % of
the load.

ANE Refer Q. 2.25, Page 2-39B, Unit.o.
5.
a

=10,
Attempt any one Part of the following : (10 1=10
. Explain the methods of increasing string efficiency.

ANE, Refer Q. 3.15, Page 3-21B, Unit-3.

po¥
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or Systerm ” . ot
ive the expression of voltage distribution in 3 insulator
Derlve

i Se .
;:Z::_gQ 3.14, Page 3-19B, Unit-3.
ANS

ing: 10x 1=10)
one part of the following : ( x1=]
6. Atte;nl');a:lze inductance of a single phase two wire h.ne
& EXI:eE:l Derive the expression for single phase two wire
system.

line. :
4-5B, Unit-4,
5 Refer Q. 4.3, Page )
AnS.

i i ) ine 40 km long
i capacitance of single-phase !;Pg
b. f;:(siisttlilﬁg of two parallel wires each 5 mm in d‘f‘,E?eter and
lliztl:rz}:ine the capacitance of the same hge; ‘taking into
account the effect of ground. The -heigh§ of‘the conductor
above the ground is 7 mete.rs. R, P
Ans. Refer Q. 4.12, Page 4-17B, Unit-4. -

ing : (10x1=10)
t any one part of the following : ]
Z' Athxrznrl':be t};xe selection of the cables and the capacitance

grading. i
Ans. Refer Q. 5.13, Page 5-17B, Unit-5. {
C transmission and

b. Explain the cables for high voltage D

the operating problems wit'h cables.:
Ans: Refer Q.5.15, Page 5-21B, Unit-5.

. 000
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POWER SYSTEM-I

EORYy

Time : 3 Hours

Notes:

1.
a.
ARS:

b.

Max. Ma!‘ks 1109

Attempt all sections.

If require any missing data; ¢y,
.suitably. > M1€N. chogge

SECTION-A

Attempt all questions in brief, i @
What is demand factor ? Why is it important ?

x10= 20)
Refer Q. 1.7, Page SQ-2B, Unit-1, 2 Marks Questions,

For the same maximum demand, if

then what will be the cost of energy ?

load factoris decreased,
Refer Q. 1.8, Page SQ-2B, Unit-1, 2 Marks Questions,

. What are the limitations of Kelvin law ?

Refer Q. 2.6, Page SQ-5B, Unit-2, 2 Marks Questions.
What is Ferranti effect ?

Refer Q. 2.10, Page SQ-5B, Unit-2, 2 Marks Questions.

How are voltage distribution and the

string efficiency
affected by rain ?

¢ Refer Q. 3.5, Page SQ-8B, Unit-3, 2 Marks Questions.

f. What is the importance of sag in transmission line ?
: Refer Q. 3.2, Page SQ-7B, Unit-3, 2 Marks Questions.

- Differentiate between GMD and GMR.
. Refer Q. 4.3, Page SQ-10B, Unit-4, 2 Marks Questions.

- Why the effect of ground on the line capacitance can be

neglected ?
Refer Q. 4.4, Page SQ-10B, Unit-4, 2 Marks Questions.

. Why single core cables are usually not provided with

armouring ?

. ReferQ. 5.5, Page SQ-14B, Unit-5, 2 Marks Questions.

Solveq Papey (2021—22)
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ANE

Ans.,

Ans;

P

Ans;

SP-5B (EN-Sem.5)

do voids in the insulation cause breakdown of the
How €0

cable ?

tor Q. 5.6, Page SQ-14B, Unit-5, 2 Marks Questions,
Re er Q. 2-9»

SECTION-B

three of the following : (10x 3=30)
AtteTI;z-intyhe conventional and non conventional sources
“?:;ergy 7 Explain with examples.
?{efer Q. 1.3, Page 1-3B, Unit-1.

Draw single line diagram of a four-bus' system having

nnected to bus-1 through transformer T,
genel'af:; gl Zgnnected to bus-2 through»transformer T;,
gen; I:‘and lgad B connected to bus-3 through transformer
- four synchronous motors M, to M, connected to bus-4
fﬁ’rough transformer T, transmission lines TL,, TL,, TL,
and TL, connected between bus 1-2, 2-3, 3-4 and 4-1

espectively.

;efzr Q. 2.2, Page 2-3B, Unit-2.

What are the main characteristics of an ideal insulator ?

Describe the main advantages and disadvalllta'gés of vglass
insulators. Explain rating and string efficiency of an
insulator.

: Refer Q. 3.14, Page 3-19B, Unit-3.

Derive expressions for the line-to-neutral f:apacitance and
line-to-line capacitance of a single phase line.
Refer Q. 4.11, Page 4-16B, Unit-4.

. Discuss the inter-sheath grading of cables. What are

practical difficulties in the grading of cable ?
Refer Q. 5.6, Page 5-6B, Unit-5.

SECTION-C

i 1=10)
Attempt any one part of the follow1f1g: (10 x )
A genzrati);g station has a maximum ;lertx:::n;if 08{;) 3‘2 1;1:;, .
load factor of 50 %, a plant cz.lpaclty ac oty of the
plant use factor of 62 %. Find (i) the r;s;:(/i . i
iy oy dali:lyl')enel;i{lfzgg ‘:lc:ily if the plant while

¥ cou e p

f'::xex;?r}:gt:: t;;;er schedule, w.ere fully loaded.
Refer Q. 1.17, Page 1-16B, Unit-1.
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Solved Pape, (202199
b. Define and explain the importance of the f,
in generation: (i) Con

olluwi,1

nected load (ii) Moy € tery,g
(iii) Diversity factor (iv) Average loaq, imum de”“ﬂnt;
ANs; Refer Q. 1.15, Page 1-15B, Unit-1,

4. Attempt any one part of the following :

a. Explai.n difference between skin effect and proxi(lit
° What is the percentage saving in copper feedey ; { offect,
voltage in a 2-wire DC syste

A f i
m is raised from 29 v he ling

for the same Power transmitted over the same dis

having the same pPower loss ?

AnS; Refer Q. 2.15, Page 2-24B, Unit-2.

b. Derive the 4, B, C, D constants for the trang
represented by nominal 7 section and dra
diagram,

Ans: Refer Q. 2.24, Page 2-36B, Unit-2.

mission line
W its phagey

Attempt any one part of the following :
a. What do you understand by vibration dampers j;

transmissicn line ? Describe the different types
used.

Ans. Refer Q. 3.10, Page 3-15B, Unit-3.

(10x1=1q)
N overheaq
of dampers

the clearance between the con
midway between the towers,
Aiis: Refer Q. 3.4, Page 3-8B, Unit-3.

&

Atterpt any one part of the following : (10 x 1=10)
Starting from first Principles, derive the expression for

inductance of a 3-phase unsymmetrical spaced transposed
transmission line.

Ans. Refer Q. 4.6, Page 4-8B, Unit-4.

[

The three conductors of a 3-phase line are arranged at the
corners of a triangle of sides 2 m, 2.5 m and 4.5 m. Calculate
the inductance per km of the line when the conductors are
regularly transposed. The diameter of each conductor is
1.24 cm.

. Refer Q. 4.7, Page 4-10B, Unit-4.

a

. =10)
- Attempt any one part of the following : (10x1

SP-7B (EN-Sem-5)

-1

tem . . .

er 992 omical size of conductor in a single
P pow that the;:‘:iite?;’vx;en radius of cable sheath (R) equals
o

core cable iSe ;s the base of radius of conductor. Explain
here
r. W

e. ic loss.
dielectri€
. Refer Q. 5.10, P

i i i ble to
mical diameter of a single core cabl
mos(ti ‘lasc\‘;n??phase system. If the peak per'mlsmble
. 3 to ex’ceed 50 kV/m. Also find overall diameter.
Page 5-16B, Unit-5.

ge 5-13B, Unit-5.

Fi—nd the
b. be used O
stress is DO

sz Refer @ 511

; ©0O
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Time : 3 Hours

Max, Marls, 100

Notes: Attempt all Sections. If require any missip,
suitably_ 1 data! then Ch()()se

SECTION-A

1. Attempt all questions in brief. (2x10=2q
a. List the key features of Primary and secondary distributjg, )
systems in the power system. n

Ans; Refer Q. 1.3, Page SQ-1B, Unit-1, 2 Marks Questions,

b. Explain diversity factor in

power systems.
Ang: Refer Q. 1.9, Page SQ-2B, Uni

t-1, 2 Marks Questions,
¢ What will be the effect of line capacitance for lagging loag
in the medium transmissicn line ?
Ans. Refer Q.2.12, Page SQ-6B, Unit-2, 2 Marks Questions.

d. Why the line capacitance is neglected in short transmission
¢ lines ?

Ans:: Refer Q. 2.13, Page SQ-6B, Unit-2, 2 Marks Questions.

e. Explain the effect on sa.
of tower is increased.

Aus: Refer Q. 3.4, Page SQ-7B, Unit-3, 2 Marks Questions.

g of transmission line if the height

f. Explain the factors affecting sag of an overhead
transmission line.
Ans;

Refer Q. 3.3, Page SQ-7B, Unit-3, 2 Marks Questions.

g. Classify various t
transmission lines.

Ans Refer Q. 4.5, Page SQ-11B, Unit-4, 2 Marks Questions.

ype of supports used in power

h. Describe the uses and

advantages of bundled conductors.
AnE Refer Q. 4.6, Page SQ-11

B, Unit-4, 2 Marks Questions.

’

Solveq Papey (2022.23)

SP-9 -Sem.-
: ! i B (EN-Sem 5)
powe ) narize why metallic sheath is provided in underground
;. Sum {
" cables.

As B fer Q. 5.2, Page SQ-13B, Unit-5, 2 Marks Questions,
e e .

.t the different types of insulating materialg PR,
4 E;Sde!‘ground cables.

Refer Q. 5.3, Page 5Q-13B, Unit-5, 2 Marks Questions,
: .5.3,

d

3

SECTION-B

w

t any three of the following : .l (10x3=30)
Attell:rlx)t haiyring daily energy production and plant factor is

a. [1\21; 6 MWhr and 50 % respectively. Calculate the maximum

rating of the power plant. ) M, R

Ang Refer Q. 1.18, Page 1-17B, Unit-1.

b. Write short note on the fact;)rs éffééting the “Corona”
' losses. ; ' )
ans; Refer Q. 2.19, Page 2-30B, Unit-2.

i ici f a string of suspension
how that the string efficiency o ring ¢ P
& isnsoulators is dependent on number of discs in strmg
Ans. Refer Q. 3.16, Page 3-22B, Unit-3.

d. Show that the inductance of a bundle conductbr lineis k.a:;
than that of the line \.vith one conductqr‘per phase wi
mathematical expression. N

Ans. Refer Q. 4.15, Page 4-24B, Unit-4. »

e. Explain the comparisons between qyérhead lines versus
underground cables.

Ans. Refer Q. 5.12, Page 5-16B, Unit-5.

SECTION-C

ing: (10x1=10)
. t any one part of the following : g
3 %ﬁ;ﬁ?n %;nydetail the nuclear reaction t{xﬁoxiyanaf& ;7) o
- principle of a nuclear power station with p ,
Ans. Refer Q. 1.8, Page 1-9B, Unit-1.

ir of area
jon has a reservoir ol ar
e tric power statxox'l e ffoctive
> 12\41}}’(::';: llfi(lzometl:'es and capacity 5 x loto‘(!:lk. {E:bine and
h. :(;Il of Water is 100 metres. Th:: P*lmgs% éo%and 85%:
. ] 1vely sy

i i epAare P erated

i %(:l‘e:; t::’:l?ﬁzli:(:l“:lectrical energy that can be gen

i. cula

from the power station.
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tem .
SP-10 B (EN-Sem-5) Solveq Papey (2022_23) power Sys ith a neat sketch, the construction of a 3-core
N Explaln wi ble
ii. Ifaload of 15,000 kW has been supplied for § o, N b, ted type cable. L
fall in reservoir level, "% fing the be:’er Q. 5.14, Page 5-17B, Unit-5.
Ang: Refer Q. 1.5, Page 1-6B, Unit-1. ATE Re

4. Attempt any one part of the follovﬁng H
a. Anoverhead tran,

phases at 50 Hz. The cond:

and an irregularity factor of 0.85. T
230 kV. Also, find t
conditions.

AN Refer Q. 2.21, Page 2-31B, Unit-2.

he critjca] vo
he power loss under stormy

b. Derive expression for voltage regulation ang efficiency for
short transmission line,

AnS; Refer Q. 2.22, Page 2-32B, Unit-2,

5. Attempt any one part of the follov(ring :

Ezxplain the calculation Procedure of maximy,
transmission line at equal supports including wi
loading. 5

Atis: Refer Q. 8.7, Page 3-12B, Unit-3.

&

(10x1= 10)
m sag of 5
nd pressure

b. An overhead line has the following data :
-Span length 160 metres, conductor dia 0.95 ¢
unit length of the conductor 0.65 kg/metre.
4250 kg/em?, wind pressure 40 kg/m?
. of safety 5, Calculate the sag.
Ans. Refer Q. 3.8, Page 3-13B, Unit-3.

m, weight per
Ultimate stress
of projected area. Factor

6. Attempt any one part of the following : (10x1=10)
a Derive an €xpression for the capacitance per unit length of
a 3-phase line completel

y transposed.
ANE; Refer Q.4.13, Page 4-19B, Unit-4,

b. Describe the inductance calculation procedure of th::ee-
phase double-circuit line with Symmetrical spacing
(hexagonal),

Refer Q. 4.9, Page 4-12B, Unit-4.

7. Attempt any one part of the following :

a. Explain the grading method of un

mathematical expressions,

Refer Q. 5.5, Page 5-4B, Unit-5,

(10x1=10)
derground cables with

g

©00®
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Time : 3 Hours

Note: 1. Attempt all sections. Ifrequire an; missi - .
" suitably. o : s dat?»ﬁhen chooge

Section-A )

1. Attempt all questions in brief. .
a. Differentiate between renewable and nop,

(2x10= 9y,
ReferQ.1.2, Page SQ-1B, Unit-

2
“renewahle energy
1, 2 Marks Questions, )
What is a diversity factor ?
< Refer Q. 1.9, Page SQ-2B,; Unit-

What is skin effect ?

Refer Q. 2.3, Page SQ-4B, Unit-2, 2 Marks Questions,
iIs };_()’z‘bﬁa more in AC or DC ?

Refer Q. 2.11, Page SQ-5B, Unit-2, 2 Marks Questions,

1, 2 Marks Questions;

' What do you mean by sag template ?
ReferQ.3.7, Page SQ-8B, Unit-3, 2 Marks Questions.
Define the term sag.

Refer Q. 3.1, Page SQ-7B, Unit-3, 2 Marks Questions.

What do you mean by self GMD and mutual GMD ?
Refer Q. 4.7, Page SQ-11B, Unit-4, 2 Marks Questions.

Write the main causes of insulation failure.
Refer Q. 5.4, Page SQ-13B, Unit-5, 2 Marks Questions.

Discuss the underground cable losses.
Refer Q. 5.7, Page SQ-14B, Unit-5, 2 Marks Questions.

Differentiate betwee
cables,

Refer Q. 5.8, Page $Q-14B, Unit-5, 2 Marks Questions.

n overhead lines and underground

r Systerm - .

ATE

AnE Refer Q. 3.3, Page 3-7B, Unit-3. P

Ans. Refer Q. 5.3, Page 5-3B, Unit-5.

SP-13 B (EN-Sem-5)

Section-B

m hr ing : =30)
f the following : ! (10 x 3

2 Ate tp:;nilte :;lgipments used in sub-station ? Discuss

Wha

them. .
Refer Q. 1.2, Page 1-3B, Unit-1.

and prove Kelvin’s law for size of conductor for
> f:::tazmission line. Discuss its limitations.

Ags Refer Q. 2.12, Page 2-21B, Unit-2.

Write a short note on the factors that affé'c_t ‘sag?f
C. %

ine h de
ircuit single phase line hiave'conductor a, and a,
d A dfn;]ble Cl!";;l}lll(: (S:\l:l‘fenlt)in one direction: Condu(.:tor b, am}
Whmm'ryc the current in return: diljeptidn: The dxamet:x; 1(1)
o :h conductor is 25 mm. Calculate the inductance of the
al
fine per km if D, =1 mt and D, =2 mt.

Ans; Refer Q. 4.4, Page 4-6B;Unit-4.

Discuss different types of insulating materials used in poy;rer
system. :

~ Section-C

‘ ing: - o (10x1=10)
one part of the foﬂomg: S, 1051=3
i ‘:t?;zz:?gng station has tﬁ)e ff(l)l:;;v_mlg ;;:y;g;;;; et
Tim s) 0-6 .6 10-12° 1 ”
Loag fﬁ%r 40 . 50 60,060 170
find .
B[l‘av‘v b lt:l:(xin(::dve an:.li Units generated per day
i. Maximum

i factor.
iii. Averageload iv. I:z;xd al
Ans. Refer Q.1.19, Page 1-18B, Unit-1.

d explain its
b. Give the layout of thermal power plant and exp
. Giv !
components in detallsiJ -
Ans. Refer Q. 1.6, Page 1-7B, Unit-1. ' R
art of the following : I it
4. Attempt an.);fol:zlft types of supply systez :xnand 35; e the
i d; cznductor DC two wire Sys
volume o
system.

it-2.
Axnis. Refer Q. 2.6, Page 2-6B, Uni

-~ M .
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b. Analyze the performance of medium transmjgg;
(T model). Draw phasor diagram and derive ye] alt?n ling
ABCD parameters. 10n fq,,
ANS; Refer Q. 2.24, Page 2-36B, Unit-2.
5. Attempt any one part of the following : (10x 1
a. An insulator string consists of three units, each hy =10)
safe working voltage of 15 kV. The ratio of self.capac;’tl,n
to shunt capacitance of each unit is 8:1. Find the may; L
safe working voltage of the string. Also find the s:n -
efficiency. : Ting
ARE: Refer Q. 3.17, Page 3-23B, Unit-3.
b. Discuss different methods of improving string efficiency
AYS Refer Q.3.15, Page 3-21B, Unit-3. /5 '
6. Attempt any one part of thefol owm DA (10x1=10)
a. Explain catenary method for finding the sag in
transmission line.
AnS: Refer Q. 8.2, Page 3-4B, Unit
b. Explain rigoropgz_j_;nétﬁod for long transmission‘ﬁ;f

#a

: Refer Q. 2.26, Page 2-39B, Unit-2.

Attempt anyonepart of the following : © = . (19x1=10)
Discuss the inter-sheath grading of cables. What are

<" practical difficulties in the grading of cables ?

Refer Q. 5.6;:’Page 5—6B, Unit-5.

.- Find the m‘bst economical dialﬂ,e_ter of a éingle core cable to

* beused on 66 kV, 3-phase system. If the peak permissible

stress is not to exceed 50 kV/m: Also find overall diameter.
Refer Q. 5.11, Page 5—16}3';'Un1't-%;
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