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Department of Electrical Engineering

Vision of EEE: - To bring forth engineers with an emphasis on higher studies and a fervor
to serve national and multinational organisations and, the society.

Mission of EEE: -
M1: - To provide domain knowledge with advanced pedagogical tools and applications.

M2: - To acquaint graduates to the latest technology and research through collaboration
with industry and research institutes.

M3: - To instil skills related to professional growth and development.

M4: - To inculcate ethical valued in graduates through variooskcultural activities.



PEO of EEE

PEO 01i The graduate will be able to apply the Electrical and Electrical Enginesimggpts to

excel in higher education and research and development.

PEO 02i The graduate will be able to demonstrate the knowleageskills to solve real life
engineering problems and design electrical systems that are technically sound, economical and

socially acceptable.

PEO 03i The graduates will be able to showcase professional skills encapsulating team spirit,

societal and ethal values.

Program Outcomes (POs)based on Program Educational Objectives (PEOs) of Electrical

EngineeringDepartment:

PO 1.

PO 2.

PO 3.

PO 4.

PO 5.

PO 6.

PO 7.

PO 8.

PO 9.

PO 10.

Students will be able tgpply knowledge of applied mathematics & science
electrical engineering problems.

Students will be able t@entify, formulate and solveociety and industrie
relatedproblems.

Students will be able tapply knowledge to design a system, componer
process to meet desired needs within realistic constraints.

Students will be able twonduct laboratory experiments and to critically anal
and interpret experimental data.

Students will be able tase the recent techniques, skills, and modern t
necessary for engineering practices.

Students will be able tanderstand the impact of engineering proble
solutions in a global and societal context.

Students will be able toetinonstrate professional and ethical responsibilitie

Students will be able tapply leadership quality to wlowith team in the are.
of electrical engineering towards the solution of mdisiciplinary tasks.

Students will be able toommunicate effectively through verbally, techni
writing, reports and presentation.

Students will be able toedelop confidence for seiducation and ability tc
engage in lifdong learning.



Course Description

This course is designed to introduce the concepts and phenomenon electrical power transmission and
distribution, both AC & DC. It also impdaswledge of electrical and mechanical aspects of design of
transmission line. It will give clear understanding of underground cables to the sfligefPbwer System

I curriculum is designed to prepairgerested students to make their career in transmission line conductor
designtower design, generating stations and substations

Course Objectives
9 This course is the fundamentals of Power System.
1 Power system is basically divided into 3 parts il@eiggion, transmission & distribution. In this
course, we will deal with distribution & transmission.
91 Also, this course gives emphasis on the use of Underground cables.

After the completion of this course the students will be able to:

Understand the concepts of power systems.

Understand the various power system components.

Evaluate fault currents for different types of faults.

Understand the generation of owarltages and insulation coordination.

Understand basic protection schemes.

Understand concepts of HYDC power transmission and renewable energy generation.
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Mapping of CO6s with POG6s
PO | PO | PO |PO PO |PO |PO | PO |PO |PO |PO | PO |PSO|PSO
1 2 3 4 5 6 7 8 9 10 |11 12 1 2
Cco1 |2 2 2 1 1 - 2 - - - 1 2 3 1
co2 |3 3 3 2 3 - - - - - 1 1 2 3
CO3 |3 2 3 1 3 - - - - - 1 1 1 3
CcOo4 |2 2 1 3 3 1 1 1 - - 2 2 2 3




B. Tech.V Semester (EEB

EEE13Power System -I
L T P/D Total Max Marks: 100
3-0-2 4 Final Exam 70 Marks
Sessional: 20 Marks
Internals: 10 Marks.

Module 1: Basic Concepts (4 hours)

Evolution of Power Systems and PresBaty Scenario. Structure of a power system: Bulk Power
Grids and Micregrids.

Generation: Conventional and Renewable Energy Sources. Distributed Energy Resources. Energy
Storage. Transmission and Distribution Systems: Line diagrams, transmission and distribution
voltage levels and topologies (meshed and radial systems). Synchr@mnioissand Asynchronous

(DC) interconnections. Review of Thiglease systems. Analysis of simple th®ase circuits.
Power Transfer in AC circuits and Reactive Power.

Module 2: Power System Components (15 hours)

Overhead Transmission Lines and Cabigsctrical and Magnetic Fields around conductors,
Corona. Parameters of lines and cables. Capacitance and Inductance calculations for simple
configurations. Travellingzave Equations. Sinusoidal Steady state representation of Lines: Short,
medium and londines. Power Transfer, Voltage profile and Reactive Power.

Characteristics of transmission lines. Surge Impedance Loading. Series and Shunt Compensation of
transmission lines.

Transformers Threephase connections and Phaskifts. Threewinding transfemers, aute
transformers, Neutral Grounding transformers. T@panging in transformers.

Transformer Parameters. Single phase equivalent of tHplesse transformers.

Synchronous Machines: Steaslate performance characteristics. Operation when connedted
infinite bus. Real and Reactive Power Capability Curve of generators. Typical waveform under
balanced terminal short circuit conditiomssteady state, transient and sttbansient equivalent
circuits. Loads: Types, Voltage and Frequency Dependenoads. [Petunit System and peanit
calculations.

Module 3: Overvoltages and Insulation Requirements (4 hours)

Generation of Ovevoltages: Lightning and Switching Surges. Protection againstvOliages,
Insulation Coordination. Propagation of Surgésltages produced by traveling surges. Bewley



Diagrams.

Module 4: Fault Analysis and Protection Systems (10 hours)

Method of Symmetrical Components (positive, negative and zero sequences). Balanced and
Unbalanced Faults. Representation of generatongsliand transformers in sequence networks.
Computation of Fault Currents. Neutral Grounding.

Switchgear: Types of Circuit Breakers. Attributes of Protection schemesupdeiotection.
Protection schemes (Oveurrent, directional, distance protection,fterential protection) and

their application.

Module 5: Introduction to DC Transmission & Renewable Energy Systems (9 hours)

DC Transmission Systems: E@@mmutated Converters (LCC) and Voltage Source Converters
(VSC). LCC and VSC based dc link, &®eat Plow control in a dc link. Comparison of ac and dc
transmission. Solar PV system¥:&nd PV characteristics of PV panels, power electronic interface

of PV to the grid. Wind Energy Systems: Power curve of wind turbine. Fixed and variable speed
turbines. Permanent Magnetic Synchronous Generators and Induction Generators. Power
Electronics interfaces of wind generators to the grid.

Text/References:
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DARBHANGA COLLEGE OF ENGINEERING, DARBHANGA w.e.f.

EEE Semester5™, Session (208-22)

Day Branch 1 (10am10.50am) 2 (10.50am 3(11.40am 4(12.30pm Lunch (1.20png 5(1.50pmg 6(2.40pm 7(3.30pm4.20pm)
11.40am) 12.30pm) 1.20pm) 1.50pm) 2.40pm) 3.30pm)
Monday E.E.E.
Tuesday E.E.E.
Wednesday E.E.E. PSI
Thursday E.E.E. PSI LUNCH PSI
Friday E.E.E. PSI PSI
Saturday E.E.E. PSI
Mechanical¢ M1 - 1 to 30 E.E.E- E1- 1to 30 C. Sc:-CSI; 11030 Civil- C1¢1to 30
S1 ME31 to All -3 E2 31 to All -3 CSe31 to All B.C.R. €&ltoAll
Prof . Incharge Routine Principal

D.C.E. Darbhanga D.C.E., Darbhanga






DARBHANGA COLLEGE OF ENGINEERING, DARBHANGA

5" Sem. Branch:Electrical & Eletonics Engineering Batch (2018)

Subject : Power System

S.No. | Name of Student Roll No. Registration
No.
1 Dipu Kumar 18-EE34 18110111001
2 Aditya Anand 18-EE58 18110111002
3 Subham Kumar 18-EEO1 18110111003
4 Ankit Kumar 18-EEO8 18110111004
5 Kajal Kumari 18-EEO6 18110111006
6 Juhi Kumari 18-EE09 18110111007
7 Vishal Kumar 18-EEO4 18110111008
8 Nikhil Kumar 18-EE41 18110111009
9 Subham Kumar 18-EE10 18110111010
10 Ajanoy Yadav 18-EE12 18110111011
11 Harsh Kumar 18-EE13 18110111012
12 Amit Kumar Sharma 18-EE19 18110111015
13 Sanjeev Anand 18-EE28 18110111016
14 Anand Kumar 18-EE39 18110111017
15 Avinash Chauhan 18-EE44 18110111018
16 Samiksha Deep 18-EE32 18110111019
17 Kanchan Kumari 18-EE26 18110111021
18 Sonu Sangam 18-EE46 18110111022
19 Rupesh Kumar 18-EE48 18110111023
20 Chitragupt Kumar 18-EE53 18110111024
21 Sugam Odambo 18-EE50 18110111025




22 Rachana Kumari 18-EE57 18110111026
23 Jay Kumar Vishwas 18-EE52 18110111027
24 Arti Kumari 18-EE60 18110111028
25 Anamika Kumari 18-EE55 18110111029
26 Mahanand 18-EE54 18110111030
27 Deepshikha 18-EE49 18110111031
28 Akanksha 18-EE69 18110111033
29 Prince Kumar 18-EE68 18110111034
30 Harendra Kumar Kamat 18-EE61 18110111035
31 Laxman Kumar 18-EE63 18110111036
32 Suman Kumar 18-EE67 18110111037
33 Rimi Kumari 18-EE70 18110111040
34 Saurabh Kumar Jha 18-EE76 18110111041
35 Rani Kumari 18-EE81 18110111044
36 Mrinalini 18-EE74 18110111045
37 Sourav Raj 18-EE75 18110111046
38 Ayazur Rahman 18EE71 18110111048
39 Dhiraj Kumar 18-EE82 18110111049
40 Shubham Raj 18-EE20 18110111050
41 Prateesh Kumar 18-EE22 18110111051
42 Sushma Kumari 19LEEE06 19110111036
43 Kajal Kumari 19LEEEQO8 19110111901
44 Anushka Kumari 19LEEEOQ7 19110111902
45 | Abhishek Kumar 19LEEEO4 19110111903
46 Chandradeepa Kumari 19LEEEO5 19110111904
47 Prity Kumari 19LEEEO1 19110111905
48 RishuRoushan 19LEEEOQ2 19110111906
49 Shubham Alok 19LEEEQ9 19110111907
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Institute/College Name: Darbhanga College of Engineering
Program Name: B.Tech (EEE, § semester)

Course Code:

Course Name: Power Systent
Lecture/Tutorial(per week): 3/1

Course Credits: 4

Course Cocoordinator Name: Mr. Tabish Shanu

1. Scope and Objective of Course

This course is designed to introduce the concepts and phenomenon of d
sources of Power Generation and to givaedea about the fundamental concepts
electrical power transmissioand distribution, both AC & DCIt also imparts
knowledge of electrical and mechanical aspects of design of transmission line,
give clear understanding of underground cablesdsthdent.

The course outcomes are

1.
2.
3.

2.

Articulate pwer system concepts required @mgineering problems.
Design power system components for a specified systemtarapplications.
Ability to discuss various power sources for generation of p@mertheir
Merit/Demerits.

4. Formulate A.C and D.C distribution networks for necessary variable calcula
5.
6. Ability to discuss functions of Substation.

Ability to calalate usage of electrical power.

Textbooks

TB1: Elements of Power System Analysis ®tevenson (McGraw Hill)
TB2: Modern Power System by N J Nagrath & Kothari (TMH)

TB3: Elective Power System by Soni, Bhatnagar & Gupta

TB4: Electrical Power system by C. L. Wadhwa

3.

Reference Books

RB1: Principles of Power Systems by V.K Mehta
RB2: Extra High Voltage AC transmission by Rakosh Das Begamudre



Other readings and relevant websites

S. Link of journals, Magazines, websites and Research papers
No.
1. https://www.youtube.com/watch?v=uy9lZCdkQIM&list=PLD4ED2FAF3C155625
2. http://nptel.ac.in/courses/108105067/#
3. https://www.youtube.com/atch?v=fBmldr gRBk
4. | http://nptel.ac.in/courses/117105140/
5 http://www.sakshieducation.com/Engineering/listS.aspx?cid=12&sid=666&chid=11124
548
6 https://ocw.mit.du/courses/electricaangineeringandcomputerscience/é061-introduction
to-electricpowersystemsspring2011/#
Course plan
Text
Lecture Date of Web Links for Books/Referen | Page No.
No. Lecture Topics Videos Lecture ce of Text
books/Reading | Books
Materials
Introduction http:/nptel.ac.in/
Effect of system voltage on courses/1081051 TB4 1-13
transmission efficiency, Single 04/
1-3 phase AC, 3 phase AC System, —
Choice of Condu
Tutorial1
Distribution
http://nptel.ac.in/
Choice of voltage, Radial and courses/1081051 TB4 1-13
4-6 ring Feeders: Calculation of 04/
- voltage drop in AC, —
Radial and ring system
Tutorial2
Electrical Design- Part |
Calculation of inductance of
conductor due to internal and
external flux, Inductance of . i
Single Phase System: Kin and | Nttp:/nptel.ac.in/
7-12 proximity effects/ GMR of solid | courses/117105] TB1 141-167
conductor, GMR of standard 40/4
conductor, Mutual
GMD Inductance of opposite
conductor lines, Inductance of 3-
phase lines single circuit and
double circuit



https://www.youtube.com/watch?v=uy9lZCdkQIM&list=PLD4ED2FAF3C155625
http://nptel.ac.in/courses/108105067/%23
https://www.youtube.com/watch?v=fBm1dr_gRBk
http://nptel.ac.in/courses/117105140/
http://www.sakshieducation.com/Engineering/listS.aspx?cid=12&sid=666&chid=1112&tid=548
http://www.sakshieducation.com/Engineering/listS.aspx?cid=12&sid=666&chid=1112&tid=548
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-061-introduction-to-electric-power-systems-spring-2011/%23
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-061-introduction-to-electric-power-systems-spring-2011/%23
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/108105104/
http://nptel.ac.in/courses/117105140/4
http://nptel.ac.in/courses/117105140/4
http://nptel.ac.in/courses/117105140/4

Tutoriat3

13-18

Electrical Design- Part Il

Symmetrical spacing and
unsymmetrical spacing,
Inductance of bundled
conductor system, Calculation
of capacitance of single phase
and 3-phase system,
symmetrical and unsymmetrical
spacing, single circuit and
double circuit bundled
conductor system, effect of
earth on capacitance of line.

http://nptel.ac.in
/courses/11710}
140/4

TB1

170191

Tutoriak4, Assinmentl

19-24

Mechanical Design

Types of supports cross arms
and conductors, Calculation of
sag and tension, cases of
unequal height of supports,
Stringing chart, earth clearance
of live conductors, vibration,
dampers.

TB4

153
171

Tutoriatb

25-29

Performance of Lines- Part |

Short, medium and long lines,
A.B.C.D, constants: regulations
nominal and T equivalent pie
and T representation

http://nptel.ac.in/
courses/1171051
40/21

TB4

59-97

Tutorial6

Performance of Lines- Part Il

30-34

Surge impedance, surge
impedance loading of line,
universal power circle
diagram, Lossless line

http://nptel.ac.in/
courses/1171051
40/21

TB4

59-97

Tutorial7



http://nptel.ac.in/courses/117105140/4
http://nptel.ac.in/courses/117105140/4
http://nptel.ac.in/courses/117105140/4
http://nptel.ac.in/courses/117105140/21
http://nptel.ac.in/courses/117105140/21
http://nptel.ac.in/courses/117105140/21
http://nptel.ac.in/courses/117105140/21
http://nptel.ac.in/courses/117105140/21
http://nptel.ac.in/courses/117105140/21

Underground Cables- Part |
Types, insulating materials, http://nptel.ac.in/
sed. Stress in isolation and courses/1081051 TB4 189
capacitance inter sheath and 04/6
35-39 capacitance grading, PF in 223
cables capacitance of 3-core
cables.
Tutorial8
Underground Cables- Part Il
Instantaneous and long time http://nptel.ac.in/
breakdown strength, dielectric courses/1081051 TB4 189
losses, lionization, 04/6
40-44 deterioration, Heat production, 223
Sheath current, Thermal
characteristics.
Tutorial9, Assinmeni2
Syllabus
: No. of :
Topics Weightages
Lectures
Evolution of Power Systems and PresBiaty Scenario. Structure of a
power system: Bulk Power
Grids and Micreagrids. 10%
Generation: Conventional and Renewable Energy Sources. Distriby
Energy Resources. Energy 4
Storage. Transmission and Distribution Systems: Line diag|
transmission and distribution voltage levels and topologies (meshed
radial systems). SynchronousGrids and Asynchronous (D
interconnections. Review of Thrgdase systems. Analysis of sim|
three-phase circuits. Power Transfer in AC circuits and Reactive Pd
Overhead Transmission Lines and Cables: Electrical and Magnetic
around conductors, Corona. Parameters of lines and cables. 36%

Capacitance and Inductance calculations for simple
configurations. Travellingzave Equations. Sinusoidal Steady state
representation of Lines: Short, medium and long lines. Power Trans
Voltage profile and Reactive Power.
Characteristics of transmission lines. Surge Impedance Loading. 15
and Shunt Compensation of transmission lines.
Transformers Threephase connectionand Phaseshifts. Three
winding transformers, autaransformers, Neutral Grounding
transformers. TagChanging in transformers.

Transformer Parameters. Single phase equivalent of tiptesse
transformers.



http://nptel.ac.in/courses/108105104/6
http://nptel.ac.in/courses/108105104/6
http://nptel.ac.in/courses/108105104/6
http://nptel.ac.in/courses/108105104/6
http://nptel.ac.in/courses/108105104/6
http://nptel.ac.in/courses/108105104/6

Synchronous Machines: Steastpte performance chracteristics.
Operation when connected to infinite bus. Real and Reactive P
Capability Curve of generators. Typical waveform under balal
terminal short circuit conditions; steady state, transient and sul
transient equivalent circuits. Loads: Typegoltage and Frequend
Dependence of Loads. Penit System and peunit calculations.

Generation of Ovevoltages: Lightning and Switching Surges. 10%
Protection against Overoltages, Insulation Coordination. Propagatic 4

of Surges. Voltages produced by traveling surges. Bewley

Diagrams.

Method of Symmetrical Components (positive, negatnd zero 249,

sequences). Balanced and Unbalanced Faults. Representation of
generators, lines and transformers in sequence networks. Computg
of Fault Currents. Neutral Grounding. 10
Switchgear: Types of Circuit Breakers. Attributes of Protection sche
Backup Protection. Protection schemes (Osenrent, directional,
distance protection, differential protection) and their application.

DC Transmission Systems: E@@mmutated Converters (LCC) and 20%
Voltage Source Converters (VSC). LCC and VSGibdisdéd Real
Power Flow control in a dc link. Comparison of ac and dc

transmission. Solar PV system¥: &nd PV characteristics of PV pane 9
power electronic interface of PV to the grid. Wind Energy Systs
Power curve of wind turbine. Fixed and wdnle speed turbines
Permanent Magnetic Synchronous Generators and Induc
Generators. Power Electronics interfaces of wind generators to the

This document is approved by

Designation Name Signature
Course Coordinator Mr. Tabish Shanu
H.O.D Mr. Prabhat Kumar
Principal Dr. Achintya
Date

Evaluation and Examination Blue Prints:

Internal assessment is done through quiz tests, presentations, assignments and project work. Two sets of
guestion papers are asked from each faculty andafuhese two, without the knowledge of faculty, one
guestion paper is chosen for the concerned examination. The components of evaluationsvilotiggir
weightage followed by the University is given below

Sessional Test 20%



Internals 10%
End termexamination 70%



Institute / School Name : DARBHANGA COLLEGE OF ENGINEEERING

Program Name B.E, EEE

Course Code EEE13

Course Name POWER SYSTHM

Lecture / Tutorial (per week):| 3/0 Course Credits 4

Course Coordinator Name Mr. TABISH SHANU

LECTURE PLAN

Basic Concepts (4 hours)

Evolution of Power Systems and PresBaty Scenario. Structure of a power system: Bulk Power
Grids and Micreagrids.

Generation: Conventional and Renewable Energy Sources. Distributed Energy Resources. Energy

Storage. Transmission and Distribution Systems: Line diagrams, transmission and distribution
voltage levels and topologies (meshed and radial systems). Synchr@nidssand Asynchronous

(DC) interconnections. Review of Thigease systems. Analysis of simple thpFease circuits.
Power Transfer in AC circuits and Reactive Power.

Power System Components (15 hours)

Overhead Transmission Lines and Cable=ctifittal and Magnetic Fields around conductors,
Corona. Parameters of lines and cables. Capacitance and Inductance calculations for simple

configurations. Travellingiave Equations. Sinusoidal Steady state representation of Lines: Short,
medium and longihes. Power Transfer, Voltage profile and Reactive Power.

Characteristics of transmission lines. Surge Impedance Loading. Series and Shunt Compensation
of transmission lines.

Transformers Threephase connections and Phaskifts. Threewinding transforners, aute
transformers, Neutral Grounding transformers. T@panging in transformers.

Transformer Parameters. Single phase equivalent of tpleese transformers.

Synchronous Machines: Steashate performance characteristics. Operation when connected t
infinite bus. Real and Reactive Power Capability Curve of generators. Typical waveform under
balanced terminal short circuit conditiomgssteady state, transient and sttbansient equivalent
circuits. Loads: Types, Voltage and Frequency Dependencedsf. [Reaunit System and peunit
calculations.

Overvoltages and Insulation Requirements (4 hours)

Pagel3of 97



Generation of Ovevoltages: Lightning and Switching Surges. Protection againstvOlages,
Insulation Coordination. Propagation of Surges. Vekggroduced by traveling surges. Bewley

Pagel4 of 97



Diagrams.

Fault Analysis and Protection Systems (10 hours)

Method of Symmetrical Components (positive, negative and zero sequences). Balanced and
Unbalanced Faults. Representation of generators, lines and transformers in sequence networks.
Computation of Fault Currents. Neutral Grounding.

Switchgear: Types of Cuit Breakers. Attributes of Protection schemes, BagkProtection.
Protection schemes (Oweurrent, directional, distance protection, differential protection) and
their application.

Introduction to DC Transmission & Renewable Energy Systems (9 hours)

DC Transmission Systems: E@mmmutated Converters (LCC) and Voltage Source Converters
(VSC). LCC and VSC based dc link, Real Power Flow control in a dc link. Comparison of ac and dc

transmission. Solar PV systemd/ land PV characteristicoof PV panels, power electronic
interface of PV to the grid. Wind Energy Systems: Power curve of wind turbine. Fixed and variable
speed turbines. Permanent Magnetic Synchronous Generators and Induction Generators. Power
Electronics interfaces of wind genéues to the grid.
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Darbhanga College of Engineering

Department of Electrical and Electronics Engineering

Assignmentl|
. Determine the inductance of apBase line operating at 50 Hz and conductors arranged as
follows. The conductor diameter is 0.8 cm.

2%
« Ny
O e
—32m—

. A conductor consists of seven identical strands each having a radiidsdérmine the factor
by whichr should be multiplied to find the self GMD of the conductor.

Determine the inductance of a single phagaesmission line consisting of three contdus of

2.5 mm radi. in the 6godé conductor and two
The configuration of the line is as shown in figure below.
[e——9m—>|

. Determine the inductance of the double circuit line shown in figtine. self GMD of the
conductor is 0.0069 metre.

[e——55m——|

JO) ®°’T

3m

¢ 6.5m > i
b @ (D b

<O Oa
. Determine the capacitance and charging current per km of the line, if the line operates at 220
kV, diameter = 4.5 cm

> 40cm |«
a® 1 O« Q| OF cO | O¢

fe——65m——Pl¢——65m—>
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Darbhanga College of Engineering

Department of Electrical and Electronics Engineering

6. Determine the capacitance and the charging current per km when the transmission line
operating at 132 kV. The conductor diameter is 0.8 cm.

"

*/\'6«\ ‘6‘/),\7
O O
e 32m »|
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Darbhanga College of Engineering

Department of Electrical and Electronics Engineering

Assignmentl|

1. A single phase overhead transmission tleévers 1.1 MW at 33 kV at 8.p.f. lagging. The
total resistance and inductive reactance ofthelinéd&e q and 15 q respect.i
(i) sending end voltage (ii) sending end power factor and (iii) transmission efficiency.
2. What is the maximum length in km for aphase transmission line havingpper conductor
of 0.775 cnt crosssection over which @ kW at unity power factor and at3RV are to be
delivered? The efficiency of transmission 1is
3. A 3-phase line delivers 3600 kW at a p.f. 0-8 lagging to a load. If the sending end voltage is
33 kV, determine (ithe receiving end voltage (ii) line current (iii) transmission efficiency.
The resistance andaetance of each conductorar8 3. ai554 Y respectively.
4. Anl1llkV,3phase transmission |line has a resistanc
Calculate the percentage regulation and efficiency of the line when a total load of 5000 kVA
at 0.8 lagging power factor is supga at 11 kV at the distant end.
5. A 3-phase, 50 Hz, 16 km long overheaelsupplies 1000 kW at 11kV,8p.f. lagging. The
line resistance is 0.3 q p e r knpamalimesindyciance isOmH per phase per km.
Calculate the sending end voltage, voltage regulation and efficiency of transmission.
6. A 3-phase, 50 Hz transmission line 100 km long delivers 20 MW at 0-9 p.f. laggireg 2hd
kV. The resistance and reactancéhafline per phase perkmar@0.and04 Y respect i v
while capacitance admittance i$210 Siemen/km/phase. Calculate (i) the current and
voltage at the sending end (ii) efficiency of transmission.ndseinal T method
7. A 100-km long, 3phase, 5(Hz transmission line has following line constants:
Resistance/phase/km =10. q
Reactance/phase/km 50. q
Susceptance/phase/km = 10 % 18
If the line supplies load of 20 MW at®p.f. lagging at 66 kV dhe receiving end, calculate
bynomi nal " met hod:
(i) Sending end power factor (ii) regulation (iii) transmission efficiency
8. A balanced ®phase load of 30 MW isupplied at 132 kV, 50 Hz and8®. p.f. lagging by
means of a transmission line. The series impeelah a single conductor is (20 + j52) ohms
and the total phaseeutral admittance is 315 x "1®siemen. Using nominal T method,
determine: (i) the A, B, C and D constants of the line (ii) sending end voltage (iii) regulation
of the line.
9. A 132KkV, 50 Hz 3-phase transmission Bdelivers a load of 50 MW at®p.f. lagging at the
receiving end. The generalised constants of the transmission linfka@:= 095" 1.4°; B
=96 78°;C=00015 90°. Find the regulation of the line and charging curresg. Nominal
T method.
10. Find the following for a single circuit transmission line delivering a load di¥@ at 110
kV and p.f. 08 lagging: (i) sending end voltage (ii) sending end current (iii) sending end power
(iv) efficiency of transmissiorGiven A = D= 098" 3°; B =110 75° ohm;C = 00005" 80°
siemen.
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Power Systeml
Assignment il

1. With equation find out the volume of conductor in case-ph8se 3wire system and
3-phase 4wire system in overhead power transmission.
Explain connection schemesbistribution System.
3. Derive equation of capacitance of three phase line with unsymmetrical spacing
Assumetransposition.
Derive the equation for inductance of single phase two wire line.
What is string efficiency? Derive its equation in case of 3 digwstExplain methods
of improving string efficiency.
6. Determine generalized constant for medium transmission line by nominal T method.
Define grading of cable. Explain inter sheath grading with diagram and equation.
8. Derive an expression for the inductanee phase for a-Bhaseoverhead transmission
line when conductors atmsymmetricallyplaced but the line is completely transposed.
9. What is skin effect? On which factors it depends? Why it is abseint.isystem?
10.A d.c.distributor AB is fed at both ends. At feeding point A, tiolage is maintained
at 235V and at B, it is 236 V. The total lengthled distributor is 200 meters and loads
are tapped off as under:
20 A at 50 m from A
40 A at 75 m from A
25 A at 100 mrom A
30 at 150 m from A
The resistance per kilometer of one conductor is 0.4 ohm. Calculataeiniraum
voltage and the point at which it occurs.
11. A single phase distributor 2 kilometers long supplies a load of 12@A atf. lagging
at its far end and l@aad of 80 A at 0.9 p.f. lagging at msid-point. Both power factors
are referred to the voltage at the far eRlde resistance and reactance per km (go and
return) are 0.05 ohm a®dl ohm respectively. If the voltage at the far end is maintained
at 230V, calculate: (i) voltage at the sending end and (ii) phase angle betolteyes
at the two ends.

no

oA

~
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Power Systeml
Assignment V

Define the sag in overhead line. Derive the equation of sag in case of when sagports
at equal and unequal level. Alod the sag during effect of wind and ice loading.

Name the different types of insulators ugettansmission system. Explasaspension

type insulator.

An insulator string consists of three units, each having a safe working voltage of 15kV.
The ratio ofself capacitance shunt capacitance of each unit is 8:1. Findakenum

safe working voltage of the string. 94l find the string efficiency.

Explain function of insulators and Discuss

Pin Insulator and Suspension Insulator.

With diagram explain constction of Screened cables.

Define grading of cable. Explain inter sheath grading with diagram and equation.
Compare the merits and demerits of underground versus overhead system.

Calculate the capacitance of a 100 km lofghase, 50 Hz overhead transsis line
consisting of 3 conductors, each of diameter 2 cm and spaced 2-5 m at the corners of an
equilateral triangle.

Derive the expression for the capacitance between conductors of single phase line.

10. Calculate the inductance of each conductor irphdse, 3wire system when the

conductors are arranged in a horizontal plane with spacing such that D31B312m;
D23 = 2m. The conductors are transposed and have a diameter of 2-5 cm.

11.What is skin effect? On which factors it depends? Why it is absent.isystem?
12.Write a short note on thermal resistance of cable.
13. Explain briefly the following methods of grading of cable

(a) Intersheath grading
(b) Capacitance grading
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TUTORIAL -I

1. Each line of a dhase system is suspended by a string of 3 identical insulators of self
capacitance C farad. The shunt capacitance of connecting metal work of each insulator is
0.2C to earth and 0.1C to lin€alculate string efficiency of the system if a guard ring
increases the capacitance to the line of metal work of the lowest insulator to 0.3C.

2. A 2-wire dc street mains AB, 600 m long is fed from both ends at 220 V. Loads o4@AA,
50A and 30A are fgped at distances of 100m, 250m, 400m and 500m from the end A
respectively. If the area of-Xection of distributor conductor is 1 cm2 find the minimum
consumer voltag6.qTake 3 = 1.7 1 10

3. The capacitance p&ilometerof a 3phase belted cables: 18 ¢ F bet ween t
the third core connected sgheath. Calculate the kVA taken by 20 km long cable when
connected to-phase, 50 Hz, 3300 V supply.
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Tutorial -lI

1. A single phase distributor 2 kilometers long supplied of 120 A at 0.8 p.f. lagging at its far
end and a load of 80 A at 0.9 p.f. lagging at its-pucht. Both p.f are referred to theltage
at the far end. The resistance and reactance per km (go andrgtu ar e @. D59 q a
respectively. If voltage at the far end is maintained at 230 V, calculate: (i) voltdge at
sending end (ii) phase angle between voltages at the two ends.

2. Calculate the capacitance of a 100 km longh@se, 50 Hoverhead tmasmission line
consisting of 3 conductors, eaohdiameter 2 cm and spaced 2:5 m at the corners of an
equilateral triangle.

3. Calculate the inductance of each conductor irph&se, 3wire system when the conductors
are arranged in a horizonfalanewith spacing such that D31 = 4 m; D12= D23 = 2m. The
conductors are transposed and have a diameter of 2-5 cm.
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Tutorial -1l

1. Each line of a $hase system is suspended by a string of 3 simgatators. If the voltage
across thdine unit is 17.5 kV, calculate tHme to neutral voltage. Assume that the shunt
capacitance between eaicisulator and earth is 1/8th of the capacitance of the insulator
itself. Alsofind the string efficiency.

2. Calculate the inductance of each condudn a 3phase, 3wvire system when the
conductors are arranged in a horizontal plane with spacing such that D31 = 4 m, D12 =
D23 = 2 m. The conductors are transposed and have a diameter of 2.5 cm.

Tutorial -111
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Max Marks 20 Max Time 2 Hr.

Q1: A medium line with parameters A, B, C, D is extended by connecting a short line of impedance Z in
series. Find out the overall ABCD parameters of the series combination. [1]

Q2: A single-phase transmission line 35 Km long consists of two solid round conductors, each having a
diameter of 0.9 cnThe conductor spacing is 205Calculate the equivalent diameter of a fictitious hollow,
thin-walled conductor having the sarmaquivalent inductance as the original line. What is the value of the
inductance per conductor? [2]

OR

Q3: Find the geometric mean radius of a conductor in terms of the radius individual strand for
(&) Three equal strands as showrfFigure (a)

(b) Four equal strands as shown in Figure (b) [2]
7y 4 ;ﬁ\ﬂ_ N
N //\ s \7Ly>x\/_:_‘/
/ g A \ / 'X/ N \

Q4:Derive Kelvinés | aw for most economical [3ize of
Q5: An overhead line has a span of 150 m between level supports. The conductor hasectioosd area

of 2 cne. The ultimate strength is 5000 kg/zand safety factor is 5. The specific gravity of the material is
8-9 gm/cc. The wind pressure is 1-5 kg@alculate the height of the conductor above the ground level at
which it should be supported if a minimum clearance of 7 is to be left between the ground and the
conductor. [3]

Q6: One circuit of a singlphase transmission liie composed of three solid 8.6m radius wires. The

return circuit is composed of two solid Z5 radius wires. The arrangement of doctors is as shown in

figure below Applying the concept of th@MD andGMR  find the inductance of the complete line in milli

henry per kilometer.
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N\ e 7\ ~ ~
— 5 e o Lot
G am—y S5m Y 10m > S5m —)
~ ~~ \_\/_/
Conductor X Conductor Y

Q7: The conductors of a doubtgrcuit threephase transmission line are placed on the correhekagon

as shown in figureThe two circuits are in parallel and are sharing the balanced load equally. The conductors
of the circuits are identical, each having a radiudssumehat the line is symmetricallyansposed. Using

the method oGMR, determine an expression for ttepacitance per phase per meter of the line.

[3]
ol
D D
by (}< 2D /'(\?j)bg

D D
. ]\% D«Eﬂg ,

Q8: A 230-kV, threephase transmission line has a per phase series impedac®.606+0:45 - per Km

and a per phase shusmtimittance ofy = j.0000034siemens per km. The line is 80 km long. Using the
nominal” model, determing¢a)The transmission line ABCD consita. Find the sending end voltage and
current, voltage regulation, the sending end power and the transmission efficiency when the line delivers
(b) 200 MVA, 0.8 lagging power factor at 220 kV. (c) 306 MW, unity power factor at 220 kV. [5]
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Code : 031404

B.Tech 4th Semester Exam., 2016

POWER SYSTEM—I

Time : 3 hours Full Marks : 70

Instructions :
(i) The marks are indicated in the right-hand margin.
(ii) There are NINE questions in this paper.
(iti) Attempt FIVE questions in all.
(iv) Question No. 1 is compulsory.

1. Choose +and write the correct option
(any seven) : gkubihar.com 2x7=14

(a The angle of A, constant of the
transmission line normally lies between

(i) 90°-70°
(i) 70°-40°
(iii) ' 40°~10°

TG R S <
(iv) 10°-0%

@(,,535:3 AN opery

(2)

{p) By increasing the transmission vollape
to double of its original value, the same
power can be despatched kecping the
line loss akubihar.com

(i) equal to original valuc
(i) half the original value
(iiij) double the original value

Aw) one-fourth of original value

(c) Power transmission by cable is generally
adopted for line lengths

(i above 100 km
(i) up to 200 km
(iii) less than 50 km
(iv)less than 10 km
(d) Reactive power is
(i) rate of energy transfer

(i) the product of r.m.s. volt and
quadrature component of r.m.s.
current

(ifi) the product of r.m.s. volt and r.m.s.
.’current '

(iu)’/the product of r.m.s. volt and in
» phase componerit of r.m.s. curren &

(v) None of the above
Tl WP

nbisl,
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(3)
akubihar.com
(e In a long transmission line under no-
load condition

() the receiving end voltage is less
than the sending end voltage

(@) the sending end voltage is less than
the receiving end voltage

(i) the sending end voltage is equal to
the receiving end voltage

(iv) None of the above
() The presence of earth in case of
overhead lines
> (i) increases the capacitance
(i) increases the inductance
(iii)) decreases the capacitance

(iv) decreases the inductance

(g) The effect of bonding the cable is

(i) to increase the effective resistance
and resistance

\‘%(u'} to increase the effective resistance
but reduce inductance .

( 4)

(h) Effect of increase in temperature in
overhead line is to

(i} increase the stress and the length

~(f) decrease the stress but increase in

length
(it} decrease the stress and length
(iv} Any of the above

fii The capacitance between any two
conductors of a 3-core cable with
sheath earthed is 3 uF. The capacitance
per phase will be

M 1-5 uF ' akubihar.com
(i) 6 pF

i) 1 pF
(iv) None of the above

() To obtain the minimum value of stress
in cable R/r ratio should be . +

(i) 2:13

/ i) 2718

t/
e

¥ iy)>1:96 -7 ——
_\‘m’ / ) Lm
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(6)

S. Derive from first principles. the capacitance
per km to neutral of a 3-¢ overhead
transmission line with unsymmetrical
spacing of conductors assuming-

transposition. 14
akubihar.com
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6. (a) Discuss the effect of wind and ice on
sag. - 7

(b) What is a stringing chart? What is its
utility? 7

7. /AExplain the physical significance of the
generalized ABCD 'constants of a
transmission line. State the units of these
constants. Determine these constants for a
medium transmission 'line with nominal-T
configuration. Draw neatly corresponding
vector diagram. 14

8. Explain in detail how the receiving end power
circle diagram can be drawn. Obtain the

condition for maximum power. 14

9. (a) Find expression for the capacitance of a

cable;per km length. 7
(b)) Write a short note on ‘Thermal
resistance of cables’. 7
* %k
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