JEPPIAAR ENGINEERING COLLEGE
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

VISION OF INSTITUTION

To build Jeppiaar Engineering College as an institution of academic excellence in technology and
management education, leading to become a world Olaisgrsity.

MISSION OF INSTITUTION

To excel in teaching antkarning, research and innovationby promoting the principles of
scientific analysis and creative thinking.

To participate in the productiordevelopment, dissemination of knowledgeand interact with
national and international communities.

To equip students with ethicaalues, and life skillsthat wouldenrich their lives and enable them to
meaningfully contribute to therogress of the society.

To prepare students faigher studies am lifelong learning, enrich them with thepractical and
entrepreneurial skills necessary to excel as future professionals and contributdad i ond s
economy.

PROGRAM OUTCOMES (POs)

Engineering knowledge Apply the knowledge of mathematics, science, engneering
fundamentalsandanengineeringpecializatiorio the solutionof complexengineeringproblems
Problem analysis Identify, formulate, review researchliterature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, naturalsciencesandengineeringsciences.

Design/development of solutions Design solutions for complex engineering problems
and designsystemcomponentsor processeghat meetthe specified needswith appropriate
considerationfor the public health and safety, and the cultural, societal, andenvironmental
considerations

Conduct investigations of complex problems. Use researckbased knowledge and
research methodsincluding designof experimentsanalysisand interpretation of data,and
synthesisf the informationto providevalid conclusions.

Modern tool usage Create, select, and apply appropriate techniques, resources,and
modern engineeringandIT tools including predictionand modelingto complexengineering
activitieswith an understandingf thelimitations.

The engineer and society Apply reasoninginformed by the contextual knowledge to
assess societal, health, safety, legal and cultural issuesand the consequentesponsibilities
relevantto the profesionalengineeringractice.

Environment and sustainability: Understandthe impact of the professionalengineering
solutions in societaland environmentalcontexts,and demonstratethe knowledge of, and
needfor sustainablelevelopment.

Ethics: Apply ethical principles and commit to professionalethics and responsibilitiesand
normsof theengineeringractice.

Individual and team work: Function effectively as an individual, and as a member or
leaderin diverseteamsandin multidisciplinarysettings.



10 Communication: Communicate effectively on complex engineering activities with the
engineering community andwith society at large, suchas, being ableto comprehend and
write effective reports anddesigndocumentationmakeeffective presentationsand give and
receiveclearinstructions.

11 Project management and finance: Demonstrateknowledge and understandingof the
engineeringand managemenprinciples and apply theseto o n ecdvs work, as a member
and leaderin ateam,to manageprojectsandin multidisciplinaryenvironments.

12 Life-long learning: Recognizethe needfor, and havethe preparationand ability to engage
in independenandlife-longlearningin thebroadestontextof technologicathange.

The Depament of Electrical and Electronics Engineering strives to be a Centre of Excellence in
education and technical research, in the endeavour of which the Department will continually update the

VISION OF THE DEPARTMENT

teaching methodologies, progress in the emerging technologiesoatidue to play a vital role in the
development of the society.

MISSION OF THE DEPARTMENT

M1

To develop the ability ttearn and work creatively that would enhance the ability of bott
students and faculty to doenovative research

M2

To create and maintairstateof-the artfacilities which providestudentsand facultywith
opportunities to analyse, apply adidseminate knowledgeylobally.

M3

To impart the knowledge in essential interdisciplinary fields which will enhance t
interpersonal skills, team work, professionalthics and make them work effectively for
their own benefit and thigetterment of the society

M4

Prepare students fdifelong learning of theoretical andpractical conceptsto face
intellectual,economicaland carer challenges.

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 01

Strengthen the knowledge in Electrical and Electronics Engineering to enablevtnkn
for modern industries by promoting energy conservation and sustainability.

PEO 02

Enrich analytical, crdave and criticallogical reasoningskills to solve problems faced |
emerging domains of electrical and electronics engineering industries worldwide.

PEO 03

Develop effective communication and infegrsonal skills to work with enhanced te
spirit in mutidisciplinary projects with a broadesthical, professional, economical ar
socialperspective.

PEO 04

Prepare the students either to estaldisint ups or to pursuehigher educationat reputed
institutions.




PROGRAM SPECIFIC OUTCOME (PSOs)
Professional Skills:
Apply the knowledge of Mathematics, Science and Engineering to solve real time prob
the field of Power Electronics, Electrical Drives, Power Systems, Control Systems ali
Instrumentation.

PSO1

Research and Innovation:

PSO 2| analyze and synthesize circuits by solving complex engineering problems to obta
optimal solution using effective software tools and hardware prototypes in the fie
robotics and renewable energy systems.

Product development:

Develop concepts angroducts by applying ideas of electrical domain into other diversit
engineering domains.

PSO 3
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1. Remember ¢ recalling relevant terminology, specific facts, different procedures related to
information and/or course topics. At this level, a student can remember something, but may not
really understand it.

2. Understandc the ability to grasp the meaning of information (facts, definitions, concepts,diatf) t
has been presented.

3. Apply ¢ being able to use previously learned information in different situations or in proSeiwing.

4. Analyzec the ability to break information down into its component parts. Analysis also rédetise
process of examiningpformation in order to make conclusions regarding cause and efifget;preting
motives, making inferences, or finding evidence to support statements/arguments.

5. Evaluate¢ being able to judge the value of information and/or sources of informationetham
personal values or opinions.

6. Createc the ability to creatively or uniquely apply prior knowledge and/or skills to prochese and
original thoughts, ideas, processes, etc. At this level, students are involved in creating their own
thoughts ideas.

~
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List of Action Words Related to Critical Thinking Skills

REMEMBER UNDERSTAND APPLY ANALYZE EVALUATE CREATE
Count Associate Add Analyze Appraise Categorize
Define Compute Apply Arrange Assess Combine
Describe Convert Calculate Breakdown Compare Compile
Draw Defend Change Combine Conclude Compose
Identify Discuss Classify Design Contrast Create
Label Distinguish Complete Detect Criticize Drive
List Estimate Compute Develop Critique Design
Match Explain Demonstrate | Diagram Determine Devise
Name Extend Discover Differentiate Grade Explain
Outline Extrapolate Divide Discriminate Interpret Generate
Point Generalize Examine Hlustrate Judge Group
Quote Give Graph Infer Justify Integrate
Read examples Interpolate Outline Measure Modify
Recall Infer Manipulate Point out Rank Order
Recite Paraphrase Modify Relate Rate Organize
Recognize Predict Operate Select Support Plan
Record Rewrite Prepare Separate Test Prescribe
Repeat Summarize Produce Subdivide Propose
Reproduce Show Utilize Rearrange
Select Solve Reconstruct
State Write Subtract Related

Translate Reorganize

Use Revise
Rewrite
Summarize
Transform
Specify

Course/Branch : B.E/EEE

Duration
Semester

Regulation

AIM:

: June2018 Oct2018

.V Section: A& B Staff Handling: P.Rajarajeswari &zdktBi

:2013
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Subject : Power System Analysis

Subject Code

: EE6501

To understand the necessity and to become familiar with the modeling of power system
and components and to apply different methods to analyze power system for the purpose of
system planning and operation.

OBJECTIVES:

A To model
A To apply
A To model
A To model
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solution using GausSeidel method Q-limit check for voltage comblled buses power flow model in
polar form- iterative solution using NewteRaphson method .
UNIT Il FAULT ANALYSIS i BALANCED FAULTS 9
Importance of short circuit analysisssumptions in faultanalysis nal ysi s using Theveni
- Z-bus building algorithm fault analysis using-busi computations of short circuit capacity, post
fault voltage and currents.
UNIT IV FAULT ANALYSIS 1 UNBALANCED FAULTS 9
Introduction to symmetrical componeritssequence impedancéssequence circuit®f synchronous
machine, transformer and transmission linesquence networks analysis of single line to ground, line to
l ine and double Iine to grou-bdmdtridkul ts using Theve
UNIT V STABILITY ANALYSIS 9
Importance of sthility analysis in power system planning and operatidiassification of power System
stability - angle and voltage stability Single Machine Infinite Bus (SMIB) system: Development of
swing equation equal area criterion determination of critical learing angle and timé solution of
swing equation by modified Euler method and Rulgé&a fourth order method.
TOTAL: 45 PERIODS
OUTCOMES :
Ability to understand and analyze power system operation, stability, control and protection.

COURSE OUTCOM&ter the course, the student should be able to:

Pos Psos
CcO Course Outcomes

C311 Describe the importance of single ling
diagram, Impedance diagram and for( 1,2,4,5,7,12 1
the Y-bus matrix for the power systen

C312 Develop the power flow equation for
power system problems and Determin 1,2,3,4,5,6,7,12 1,2
the line flows using various algorithm

C313 _
lllustrate the importance of short

circuit studies; Calculate the fault
currents for symmetrical fault
condition.

1,2,3,4,5,6,7,12 1,2

C314 Introdudion to symmetrical fault
analysis and Draw the sequence
network for L-G, L-L and L-L-G fault
of the power system and Explain the | 1,2,3,4,5,6,7,12 1,2
concept of power system stability,
Analyze the stability of single maching
infinite bus system

C315 Explain the concept of power system
stability, Analyze the stability of singlq 1,2,4,5,6,7,12 1
machine infinite bus system




Mapping of Gourse Outcomes(COs),Course(C)ProgramSpecificOutcomes (PSOs)with Program Outcomes. (POs)g
[Levels of correlation:3 (High),2 (Medium), 1(Low)]

Course | PO1|PO2 | PO PO4 | PO5| PO6|PO7| PO8| PO9| PO10( PO11|PO12| PSO:| PSO2| PSO3
C3 11 3 3 | - 2 1 |- 1 - - - 2 2 3 - -
C312 3 3 ]2 2 1 ]1 1 - - - 2 2 3 2 -
C3 13 3 3 |2 2 11 1 - - - 2 2 3 2 -
C3 14 3 3 |2 2 11 1 - - - 2 2 3 2 -
C3 15 3 3 - 2 1|1 1 - - - 2 2 3 - -
C3 11 3 3 | - 2 1 |- 1 - - - 2 2 3 - -

UNIT-1 INTRODUCTION Target Periods: 9

Book . .
CO Delivery|Delivery Knowledge
SIN o Contents Satement Rggéeenﬁ% & method | Periods Level
Introduction- Modern power system (or) | C31.1 T1 141 R2[5Chak & R&U
1 lelectric energy systemAnalysis for syster 11 [112 7 [€ board 1
planning and operational studies 1. T2[7]
G311 Chalk & R&U
2 . board 1
Basic components of a power system T1 [4]
3 |Modelling of Generator C31.1| T11[4], Chalk & 1 | RUAn
R2[76 80] [poard
4 | Modelling of Transformer with offiomina] 3 1.1 | T1[5,6],R2[{Chalk & 1 |RUAn
tap ratio 95-204] board
. o C31.1 | T1[68], Chalk & R U, An
5 | Modeling of Transmission line and load T2E91]2], board 1
R2[3637]
6 | Per unit system, Single line diagram C31.1 | T1[3642], [Chak& 1 |RUA
representation T1[8890] [ad
7 | Impedance and reactance diagrams, C31.1 | T1[906101] [chak& 1 | AnE
Change of base board
g | Primitive network and network matrices| C31.1 Material [Chalk & . |RUAN
Formation of Ybus board
g | Simple building algorithm for the C31.1 | T1[196195] [Chalk & . |RUAN
formation of ZBus matrix board




Tutorial
Tutorial
Tutorial
UNIT Il POWER FLOW ANALYSIS Target Paiods:9
Book . :
CO Delivery|Delivery| Knowledge
SINo Contents Satement Rggé%nﬁ%‘g method| Hrs Level
1 Impor_tance of power flow analysis in c31.2 T1[189] Ehall;& 1 R A An
planning and operation of power systen oar
Statement of power flovproblem- Chalk &
2 | classification of buses into® buses, & | €312 board
(voltage controlled) buses and slack bus T1[208] I |RUAAn
Development of Power flow model in Chalk &
3 | complex variables form and polar varialj C3 1.2 board
form. T1[2630] 1 R, U, A, An
Iterative solution using Gausseidel T1[209220] |~ aik &
4 | method including Qimit check for voltag{ €3 1.2 | T2[247254] |roarq 3 |RUAAn
controlled buses algorithm and flow cha R2[335342]
T1[232240]
T2[257262]
Iterative solution using NewteRaphson Chalk &
S) ; ; C31.2
(N-R) method (polar form) including-Q R2[342356] |poar 3 | R U AAn
limit check and bus switching for voltagg T1[240245] T
controlled buses Jacobian matrix
elementsq algorithm and flow chart. R2[368373]
6 | Tutorial
7 | Tutorial
8 Tutorial
UNIT 1l FAULT ANALYSIS 7 BALANCED FAULTS Target Periods: 9




Book

co . .
DeliveryDelivery Knowledge
SINo Contents Sat?men Reference& method|  Hrs Leve
Page No
Introduction to fault analysis. Importance
short circuit (or) for fault analysisasic Chalk& 1 4
1 . - - T1[353]! board R. U. An
assumptions in fault analysis of power | C31.3 R2[308] 1
systems.
Symnetrical (or) balanced three phase Chalk & R, U, A, An
o | faults¢ problem formulation Internal ca1a | T1[354361], Poard 3
voltages of loaded machines under fault
conditions. R2[383390]
3 | Fault analysis usingtdis matrixq Chalk & 3
algorithm and flow chart C313 | T1[363368] P°ad
R, U, A An
4 [Tutorial
g [Tutorial
UNIFIV FAULT ANALYSIBIBALANCED Target Periods: 9
Cco Book . .
SINo Contents Satemen| Reference & De“\(]eg/ Deliver Knowleeldge
t Page No method| y Hrs Lev
. _ T1[399, 407 [Chak & R, U
1 Introduction to symmetrical components caLaq | 420], T2[400Poard L
sequence impedancessequence | 406]R2[417
networks 418]
Chalk &
2 | Single Lin&round fault analysig C31.4| T1[421422], |poard 2
Derivation Solutia of problems R2[482488] R,U, A, An
3 |LineLine fault analysig Derivation and c3 1.4| T1[423425], Ehalz& 5> | R/UA An
solution of problems R2[494512] PO
4 | Double LineGround fault analysis c3 14 | T1[425431] [Chak& 1 |RUAAN
Derivation board
S | Tutorial
6 | Tutorial
7 | Tutorial
UNIFV : STABILITY ANALYSIS Target Periods: 9
Cco Book . .
SINo Contents Satemen| Reference Dell\r/]ezjy DeLver Knowlt;dge
t & Page N metho y Hrs Lev




1 | Importance of stability analysis in power c3 15 T1[460] chak &board 2 |R, U, A, A
system planning and operation
2 | classification of power system stability | c3 15| R1[1737] | chakgboad 1 |R, U, A, A
angle and voltage stability

3 | Simple treatment of angle stability into R1[1737] R, U A A
smallsignal and largesignal (transient) | c31.5 Chalk & board 1
stability Single Machine Infinite Bus (SM
system
4 T1[46% R,UAA
c31.5| 464l Chalk & board 1
R2[698
Development of swing equation 702]
S T1[486 R, U A A
Equal area criterion and solution of SMIF C3 1.5 ‘£8]7'1? Chalk & board 1
system problems 726[3]

6 | Solution of swing equation by numerical c3 15| R1[836
integration techniques 837]

Chalk & boarq 1 R,U,A A

7 | Determination of critical clearing angle a c315| R1[838 [Chak&board| — R U, A A
time by using RungeKutta method 841]

8 | Determination of critical clearing angle § c3 15| R1[836 [Chalk & bosd 1 R,UA A
time by using Modified Euler method 838]

UNIT 7  INTRODUCTION
PART T A

1. What are the main divisions of power systera(Nov-Dec 2014)
1 Generation
M Transmission
9 Distribution
Components are
1 Generators
1 Transformers
M Transmission line
M Loads
2. The Star connected generator rated aBOO MVA , 33 KV has a reactance of 1.24 P.U Find the
ohmic value of the reactancé\pril -May 2017)
Base reactance are= (KVV)IVA = (33f/300=3.63 ohm
ohmic value of the reactance= 1.24*3.63= 4.50 ohm
3. What is the need for per unit valu® (Nov-Dec 2014)
1 Manual calculations are simplified using p.u value
1 Computational effort in power system is very much reduced with the use of per unit
quantities



1 The chance of confusion between line and phase quantitie§idal@nced system
1 The per unit impedance referredeither side of a single phase transformer is the same
1 Per unit impedance referred to either sidefft@ansformer is the same regardless of the
3F connections.
4. What are the types of load modeling (May-June 2014)
a) Constant power representation
b) Constanturrent representation
¢) Constant impedance representation
5. What is the role of swing bus in power flow study (May-June 2014)
The swing bus is assumed to generate the power for line losses which are estimated
through the solution of load flow equations.
6. At what condition generator bus is treated as load b®May-June 2014)
When the generator bus iterated value of reactive power exceeds the specified reactive
power limits, the reactive power is set as=Qviolated power limits (either &, or Qnax as the
case may be) and the generator bus is treated as load bus.
7. What are the advantages of per unit systenfApril -May 2011) ,(April-May 2017),(NovDec
2016
ag P.u unit data representation yields valuable relative magnitude information.
b) Circuit analgis of system containing transformers of various transformation ratios is greatly
simplified.
c) Circuit parameters are tend to fall in relatively narrow numerical ranges making erroneous
data easy to spot.
d) P,u systems are ideal for the computerized anadysissimulation of complex power system
problem.
8. What is slack bus?(April -May 2011)
In slack bus voltage magnitude and phase angle of voltages are specified, pertaining to a
generator bus usually a large capacity generation bus in chosen.
This bus makesp the difference between the scheduled loads and generated power that
are caused by the losses in the network.
9. What is meant by percentage reactance? (May-June 2013)
It is the voltage drop across the reactance expressed as % of normal voltage wiveq Iéar
pertaining to normal voltage.
10. Draw the equivalent circuit of a 3 winding transformer. (May-June 2013)

e, [
. I

Common

11. What are the functions of modern power systems@Nov-Dec2013)
To monitor voltage at various buses and components

To design modern protgon system
To plan the future expansion of loads and present existing system.

12. Name the diagonal and off diagonal elements of bus impedance matri§ov-Dec2013)
The diagonal elements of bus impedance matiriving point impedances of the buses (self)

The off diagonal elements of bus impedances matransfer impedances of the buses (mutual)



13. What is the need of base values?
The components or various sections of power system may operate of different voltage and power

levels. It will be convenient forralysis of power system if the voltage, power, current and
impedance ratings of components of power system are expressed with reference to a common
value called base value. Hence for analysis purpose, a base value is chosen for voltage, power,
current andmpedance ratings of the components are expressed as a percent of per unit of the
base value.
14. Why the value of voltage and Jphase KVA are directly used for per unit calculation in 3phase
system?(May/June 2016)

The perunit value of a lindo-neutral (My) voltage on the lingéo-neutral voltage base value
(Vu,Ln) is equal to the per unit value of the liteeline voltage(\/,) at the same point on the line
to-line voltage (M) if the system is (M) at the same point on the lueline voltage

base(V.)if the system is balanced. —=— = —t_ Theper unit value of a-Bhase KVA on

the 3phase (KVA) base is identical to the per unit value of KVA per phase on the KVA per
phase base.i.e- 3phaseKVA _ KVA perphase

3phasehaseKVA  BaseKVA perphase
valueof voltage and $hase KVA are directly used for unit calculations.

.Therefore in Pphase systems the line

15. What is single line diagram? (Nov/Dec 2015)

A single line diagram is diagrammatic representation of power system in which the components
are represented by their symbols and the intenection between them are shown by a single
straight line (even though the system iptase system). The ratings and the impedances of the
components are also marked on the single line diagram.

16. Define per unit value(Nov/Dec 2015)

The per unit value adiny quantity is defined as the ratio of the actual value of the quantity to the
base value expressed as a decimal. The base value is an arbitrary chosen value of the quantity.

) Actual value
Perunitvalue = ——
Base value

17. Write the equation for converting the p.u. impedance expressed in one baseanother?

MVA L new
MVAL A14

Epu.}.'ett' = Epu,.:.[d}i

KVyaa |
: b.old } ¥
EV b.new

18. How the loads are represented in reactance or impedance diagranfiRov/Dec 2016)
The resistive and reactive loads can be represented by any one of the following representation.

i) Constant power representatiobgad power S=P+jQ

I']J:_QE

1 ";'?

ii) Constantcurrentrepresentation, Load Current [ = £5—48



iif) Constantimpedance representation. Load impedance= ﬁ

19. A generator rated at 30MVA, 11KV has a reactance of 20% calculate its p.u reactance for a
base of 50 MVA and 10KV.

KV hold

¥V bnew

= XpuotaX ] X [“L]zoz x (11/10% (50/30) = 0.403pu

MVADold

hpu.:&'ew

20. The base KV and base MVA of a $hase transmission line is 33KV and 10 MVA respectively
calculate the base current and base impedance?

(KVA), _ (MVA),31000_10° 1000

Base current, |, = =175A
3KV, J3KV, J3333
Base impedance, I = 3‘—; = 313; = 108.9Y

21. What is impedance diagram?

The impedance diagram is the equivalent circuit of power system in which the various
components of power system are represented by their approximate or simplifigdleay
circuits. The impedance diagram is used for load flow studies.

22. What is reactance diagram?

The reactance diagram is the simplified equivalent circuit of power system in which the various
components are represented by their reactance. Theneacaleagram can be obtained from
impedance diagram if all the resistive components are neglected. The reactance diagram is used
for fault calculations.

23. What are the approximations made in reactance diagram?

i)The neutral reactance are neglected ii) Skmanhches in the equivalent circuits of transformers
are neglected iii) The resistance are neglected.iv) All static loads and induction motors are
neglected.v)the capacitance of the transmission lines are neglected

24. Give equations for transforming base KVon LV side to HV side of transformer.

HT voltage rating

Base KV on HT side = Base KV on LT side X -
LT voltage rating

LT voltage rating

Base KV on LT side = Base KV on HT side X -
HT voltage rating

25. What is bus?

The meeting point of various components in a power system is called as bus.The bus is a
conductor made of copper or aluminum having negligible resistance. The buses are considered as
points of constarvoltage in a power system.



26. What are the disadvantages of per unit system?

The disadvantages of per unit system are some equations that hold in the unscaled case are

modi fied when scaled into per wunit faethbdor s suc

Equivalent circuits of the components are modified making them somewhat more abstract.
Sometimes these shifts that are clearly present in the unscaled circuit vanish in per unit circuit.

27.What i s fATap changingo transformer? State its

The trarsformer is wounded with tapping on either primary or secondary winding to adjust the

voltage. The device used to give the constant output voltage is called tap changing transformer.

The types arei)ON load automatic tap changer ii)OFF load tap changer.
28. What is off nominal transformation ratio?

When the voltage (or) turns ration of a transformer is not used to decide the ratio of base kV, its
voltage (or) turns ration is called efbminal ratio. Usually the voltage ratio of regulation
transformer will be ti-nominal ratio.

29. Write the four ways of adding an impedance to an existing system so asmodify Zg,s matrix.

1. Adding a branch of impedance ffom a new bus p to the reference bus. 2. Adding a branch of
impedance Zfrom a new bus p to an existing b Adding a branch of impedance fflom an
existing bus g to the reference bus. 4. Adding a branch of impedarastviieen two existing
buses p and q.

30. What are the methods available for forming bus impedance matrix?
(hForm the bus impedance matgrd then take its inverse to get bus impedance matrix.

(i) Directlyform the bus impedance matrix from the reactance diagram. This method utilizes the
techniques of modifications of existing bus impedance matrix due to addition of new bus.

31. What is the purpose of providing third winding (tertiary) in a transformer?
i) Third winding may be used for interconnecting three transmission line at different voltages.

ii) It is sometimes used for other purposes such as connecting shunt capacitors (or)isoppress
third harmonics voltages.ii)To get supply power for substation internal purposes.iv)Tertiary
winding can serve the purpose of measuring voltage of an HV testing transformer.

32. Draw a simple perphase model for a cylindrical rotor synchronous machinglfMay 2011)



(a) (b)
Synchronous Machine per phase equivalent circuits in (a) Generator and
{b) Motor reference directions.

If the reactance in ohms is 15, find the p.u value for a base of 15KVA and 10KVMay 2012

L. LM MVA, 15 x15 _
Zipu) = ~ = =2.25

K7 107

33. Draw the impedance diagram for the given single line representation of the power system.

&t Zn I

;V\;MMJ
T T = é ; l L
5

Motors

6_% E Line g ETO E
e (May 2014,

Part B

1. 300 MVA, 20 KV 3 ph generators has sub transient reactance of 20 %. The generator supplies 2
synchronous motors through a 64 Km transmission line having transformers at both ends as
shown in fig .1 In this , Tis 3 ph transformer BMVA , 20 / 230 KV, 10 % reactance & 15
made of 3 single phase transformer of rating 100 MVA , 127/13.2 KV, 10 % reactance. Series
reactance of the transmission line is 0.5 ohm/km. The rating of 2 motors ar@0W0VMVA 13.2
KV, 20 % & M,=100MVA ,13.2KV ,20 % Draw the reactance diagram with all the reactance
marked in P.U Select the generator rating as base W aARRIL/MAY -2017)

o T-é Jorsafion T%‘_< . Al
i

-— —
- —_

2. Form the bus admittance matrix for the data given below using singular transformation method
Take node & 6odle( ARRILIMAY -201% n c
Elements Bus code X(P.U)

1 1.2 0.04 ® © ®
TL ;i

i g !
®© ®



2 1-6 0.06
3 2-4 0.03
4 2-3 0.02
5 3-4 0.08
6 4-5 0.06
7 5-6 0.05

3. Prepare a per phase schematic of the system shown in fig. and stionimpedance in per unit
on a 100 MVA, 132 KV base in the transmission line circuit. The necessary data are given as
follows :( NOV-DEC 2016)
G1: 50 MVA, 12.2 KV, X=0.15 p.u T1 40160 v

G2: 20 MVA, 13.8 KV, X=0.15 p.u
T1: 80 MVA, 12.2/161 KV, X=0.1 p.u ' _gg——@
T2: 40 MVA, 13.8/161 KV, X=0.1 p.u & 20480 20480

Load: 50 MVA, 0.8 pf lag operating at
154 KV
Determine the p.u impedance of the ™
load.
4. The parameters of a Bus system are as und@OV-DEC 2016)

Line starting bus Line ending bus Line impedance Line chaging admittance
1 2 0.2+j0.8 j0.02
2 3 0.3+j0.9 j0.03
2 4 0.25+j1.0 j0.04
3 4 0.2+0.8 j0.02
1 3 0.1+j0.4 j0.01

Draw the network and find bus admittance matrix

5. The data for the system whose senfjhe diagram as shown in fig. isfafows :( APRIL -MAY 2016)
G1l: 30 MVA, 10. 5 KV, X0=1.6 Y

G2: 15 MVA, 6.6 KV, Xo0=1.2 Y

G3: 25 MVA, 6.6 KV, X06=0.56 VY

Tl1: 15 MVA, 33/11 KV, X=15.2 Y/ ph on H.T side
T2: 15 MVA, 33/6.2 KV, X=16.0 Y/ ph on L.T side
Transm|SS|on Line: X=20.5 Y/ ph

Loads A: 40 MW, 11 KV, 0.9 pf lagging

LoadsB: 40 MW, 6.6 KV, 0.85 pf lagging

Choose the base power as 30 MVA, and approximate base voltage for different parts. Draw the reactance
di agr am. I ndicate p.u reactanceb6s on the diagr am.

L _
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6. Determine the Y bus by inspection method for the lirecgjgation as mentioned below
(APRIL -MAY 2016)



Line pq | Impedance in p.| Half line charging admittances in p
1-2 0.04+j0.02 j0.05
1-4 0.05+j0.03 j0.07
1-3 0.025+j0.06 j0.08
2-4 0.08+j0.015 j0.05
34 0.035+j0.045 j0.02

7. Draw the Pl model repsentation of transformer with off nominal tap ratio alghARIL -MAY
2016)

8. Draw the reactance diagram for the power system shown in fig. Neglect resistance and use a base
of 50 MVA and 13.8 KV on generator G{NOV-DEC 2015)
G1l:20MVA,13 8 KV, X0=20%

G2: 30 MVA, 18 KV, X0=20%
G3: 30 MVA, 20 KV, X0=20%
T1: 25 MVA, 220/13.8 KV, X0=10%
T2: 3 single phase unit each rated 10 MVA, 127/18 KV, X=10%
T3: 35 MVA, 220/22 KV, X=10%
T T
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9. Form Y, of the test system shown in figure. Usisiggular transformation method. The impedance
data is given in Table. Take (1) as reference.(NOV-DEC 2015)

Element| Self Mutual

No. Bus code| Impedance Bus codel Impedance




1 1-2 0.5
Table 1
- . 1-2 0.1
4 4 2 1-3 0.6
3 34 0.4
—-—\jO;l 4 2-4 0.3
1 2

10. A 90 MVA, 11 KV 3 phase generator has a reactance of 25%. The generator supplies two motors
through transformer and transmission line as shown in figure. The transfonmer a 3phase
transformer, 100MVA, 10/132 KV, 6% reactce. The transformer 15 composed of 3 single phase units
each rated, 300 MVA, 66/10 KV, with 5% reactance. The connection&fTFL is shown. The motors are
rated at 50 MVA and 400 MVA both 10 KV and 20% reactance. Taking the generator rating as base,
draw reactance diagram and indicate the reactance in per unit. The reactance of line is 100 ohms.

) : b o

Al T

diagram of the power A \4‘1’
system of fig. shownﬁ =,
Generator No 1: 30 MVA, 10.5 Kv, Xo0=1.6 ohms
Generator No 2: 15 MVA, 6.6 Kv, Xo0=1.2 ohms
Transformer F(3 phase): 15 MW, 33/6.2 Kv, X=16 ohms per phase on high tension side.
Transmission line: 20.5 ohms/phase.

. Ling.
11. Obtain the per
£ A
below.
Generator No 3: 25 MVA, 6.6 Kv, X0=0.56 ohms
Load A: 15 MW, 11 Kv, 0.9 lagging power factor.

unit impedance
L"'@ A
Fig. one line diagram representation of a simple poweesyst
Transformer T (3 phase): 15 MVA, 33/11 Kv, X=15.2 ohms per phase on high tension side.
Load B: 40 MW, 6.6 Kv, 0.85 lagging power factfdOV-DEC-14,NOV-DEC 10,NOV-DEC 05)

(NOV-DEC 2013)

—

(i) Draw the per uniequivalent circuit of singlé phase transformer?



12. The single line diagram of a power system is shown in figure along with components data. Determine
the new per unit values and draw the reactance diagram. Assume 25 MVA, and 20 Kv as new base on
geneator G1(APRIL -MAY 2014)

13. For the system shown in figure. Determine the generator voltage. Take a base of 100 MVA and 210
KV in the transmission lin@APRIL -MAY 2013)

210kV

2 é e S o, ot A Pogiskive lood
v ?:?”JF

EnMMﬁ
15 [220 KY . s

14. The one line diagram of a power system is shown in fig. The 3 phase aogvéneline ratings are
as given beloWyNOV-DEC 2012)

G1l: 80 MVA, 22 KV, X0=9%

T1: 50 MVA, 22/ 220 KV, X0=10%

T2: 40 MVA, 220/ 22 KV, X0=6%

T3 & T4: 40 MVA, 22/ 110 KV, X0=6.4%
Line 1: 200 KV, X=121Y

Line 2: 110KV, X=42.35 Y

M: 68.85 MVA, 20 KV, X=22.5%
Load : 10 MVAR, 4 KV, @& connected capacitors.

Draw an impedance diagram showing all impedances in p.u on a 100 MVA base. Choose 22 KV as the
voltage base for generator
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15. Draw the per unit impedance for the power system in fig. Neglect resistancseadbase of 100

MV A, 220 KV, in 50 ohm Iine. The rating of the ge
Generator: 40 MVA, 25 KV, X0=20%

Mot or: 50 MVA, 11 KV, X0=30%

Y-Y Transformer: 40 MVA, 33¥220Y KV, X=15%

Y-.e Transf or me r220Y B\Q X3¥5%A , (NOV-8EC 2012)

[ S
o o dmr g5 | ®
i —— E—

16. A 3 -Ytraes®reer wath rating 100 MVA, 11 KV/400V has its primary and secondary leakage
reactance as 12 Y/ ph and 0.05 Y/ ph, respectively.
(NOV-DEC 2011)

17. Choosing a common basof 20 MVA, Compute the per unit impedance (reactance) of the
components of the power system in fig. and draw the posmve sequence impedance diagram.
Gl1: 20 MVA, 10.5 KV, Xo=1.

G2: 10 MVA, 6. 6 KV, Xo-= Y
T1: 10 MVA, 33/11 KVe @5— ﬁ—h——e—n—H}—é’%—g@
T2: 10 MVA, 33/ 6. 2 S ] >f-/p H="TF5 i de
Transm|SS|on (NDV&—ECZOD&). Y /ph

18. Show a single line diagram of unloaded 3 generator power system with interconnection between the
generator by means of 3 transformers and a transmiemmwith two sections with their impedance
marked on the diagram. The rating of generators and transformers are given/ABRIii. -MAY 2008)

Generator MVA KV Reactance in p.u
1 25 6.6 0.2
2 15 6.6 0.15
3 30 13.2 0.15
Transformer MVA KV X
1 30 6 . 41y 10%
2 15 6 . 418y 10%

3 single Ph units each rated 10 MVA 6.9/69 KV 10%
Draw a reactance diagram and mark all values in p.u choosing a base of 30 MVA, 6.6KV in generator
circuit.

19. A 120 MVA, 19.5 KV, generator has a synchronous reactance of 0.15 p.u and it is connected to a
transmission line through a transformer rated 150 MVA, 230/18 KV (star/delta) with X=0.1p.u.




(i) Calculate the p.u reactance by taking generator rating as base value.
(i) Calculate the p.u reactance by taking transformer as base value.
(iii) Calculate the p.u reactance for a base of 100 MVA, and 220 KV on H.T side of a transformer.

20. A Three phase DeltaStar transformer with rating 100KVA, 11KV/400V has its primary and
secondry leakage reactance as 12 ohm/ph and 0.05 ohm/ph respectively. Calculate the p.u reactance of
transformer.

21.Form Z bus using bus building algorithm

— @ -

22. Explain modern power
system in detail and draw basic components of power system.

(Nov 2014)

23. The three phase power and Hivge ratings of the electric power system are given
below:G1:60MVA,20KV,X=9%;T1:50MVA,20/200KV,X=10%;T2:50MVA,200/20KV,X=10%;M:
43.2MVA, 18KV, X=8%; Line: 200KV, Z=120+j200 ohm. Draw an impedance diagram shoaling
impedances in pamit on a 10eMVA base. Choose 20KV as the voltage base for generator.

5-3E=3E+D

24. A 20MVA, 11KV three phase synchronous generator has a sub transient reactance of 10%. It is

connected through three identical single pHa&tconnectedransformer 5000KVA 11/127.02KV with a

reactance of 15% to a high voltage transmission line having a total series reactance of 80ohm. At the end

of HT transmission line, three identical single phase star/star connected transformer of 5000KVA,

127.02/12.70RV with a reactance of 20%. The load is drawing 15MVA, at 12.5 KV and 0.9p.f lagging.

Draw single line diagrams of the network choose a common base of 15MVA and 12.5KV and determine

the reactance diagram.

25. Write short notes on the following: i)pphase analysis of a generator ii)ganase analysis of-3

windig transformer

26. With the help of single line diagram, explain the basic components of a power system

27. i)Write detailed notes about the per phase model of a three phase transformer.(May 2011)

if) Draw an impedance diagram for the electric power system shown in figure, showing all the

impedances in per unit on a 100 MVA base .Choose 20 KV as the voltage base for generawor. The 3

power and line rating are given belowG1:90MVA,20KV,X=9%.;Tr1:®MVA,20/200KV,X=16% Tr2:
80MVA, 200/ 20KV, X=20%; G2: 90MVA, 18KV, X=9%; Li ne:

S=48MW+j64MVAR.
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28. What are the advantages of per unit computations?

29. Form the bus impedance matrix for the network shown by building algorithms.

30 Why is per unit system used in power system analysis? And list its advantages

31. Describe the Bus building algorithms in detailed by using a three bus sygiday, 2014)

UNIT T I POWER FLOW ANALYSIS
PARTT A

1.What is load flow (or) Power flow sudy (Nov-Dec 2014)
The load flow problem consists of calculation of voltage magnitude and its phase angle at the buses.

And also the active and reactive line flows for the specified terminal or bus conditions. The bus
guantities to be determined are:
a) Magni tude of Voltage(V)d,br)PRaat aongke 6P)vol
d) Reactive power (Q)

2. Define voltage controlled bus{Nov-Dec 2014)
For this bus, voltage magnitude corresponding to the generation voltage and real power generation

correspondingd the generator ratings are specified, through load flow solution. It is required to find the
reactive power generation and the phase angle of bus voltage.

3. What is the role of swing bus in power flow study?May-June 2014)
The swing bus is assumed tengrate the power for line losses which are estimated through the solution

of load flow equations.

4. At what condition generator bus is treated as load bus@May-June 2014)
When the generator bus iterated value of reactive power exceeds the speditied rea

power limits, the reactive power is set as=Qviolated power limits (either &, or Qnax as the
case may be) and the generator bus is treated as load bus.

5.What are the advantages of per unit systerfApril -May 2011)
e) P.u unit data representation yislvaluable relative magnitude information.

f) Circuit analysis of system containing transformers of various transformation ratios is greatly
simplified.

g) Circuit parameters are tend to fall in relatively narrow numerical ranges making erroneous
data easy topmot.

h) P,u systems are ideal for the computerized analysis and simulation of complex power system
problem.

6. What is slack bus?(April -May 2011)
In slack bus voltage magnitude and phase angle of voltages are specified, pertaining to a generator bus

usually alarge capacity generation bus in chosen.This bus makes up the difference between the
scheduled loads and generated power that are caused by the losses in the network.



7.What is the necessity for slack busfMay-June 2013)
The swing bus or slack bus is asgd to generate the power for line losses which are estimated through

the solution of load flow equations.

8. What is meant by acceleration factor{May-June 2013)
Acceleration factor (a) = convergence characteristics.

Convergence is gauss seidal methad lwa speeded by acceleration factor for (en) a=1.6.

9.When will the generator bus treated as load bus MNov-Dec2013)
When the generator bus iterated value of reactive power exceeds the specified reactive power limits,

the reactive power is set as Qi aited reactive power limit (either Qmin or Qmax) and the generator
bus is treated as load bus

10. Why do Y bus used in load flow study instead of Zbus@ov-Dec2013)
Data preparation is simple

Bus admittance matrix can be easily formed and modified for netwhankges such as addition of

lines, regulating transformers

Sparsity of the bus admittance matrix is the greater advantage as H reduces computer memory and
time requirement largely also bus impedance matrix is arfattix.

11. What are the different types ofbuses in a power systemMay/June 2016)
The buses of a power system can be classified into three types based on the quantities being specified for

the buses. The different types of buses are,(i) Load bus or PQ bus (ii)Generator bus or voltage controlled
bus or PV bus(iii))Slack bus (or) swing bus (or) reference bus

12. What will be the reactive power and bus voltage when the generator bus is treated as load
busANov/Dec 2015)
When the generator bus is treated as load bus, the reactive power of the buted teqihe limit it has

violated, and the previous iteration value of bus voltage is used for calculating current iteration value.

13. What are the advantages of & method?
i) Calculations are simple so the programming task is lessii) the memory requireressstii) Useful for

small systems

14. What are the disadvantages of €& method?
i) Requires large number of iterations to reach convergdijclot suitable for large systemid)

Convergence time increases with size of the system

15. What are the advantages oN-R method?

i) The NR method is faster, more reliable and the results are acdiyRéguires less number of
iterations for convergencdi) The number of iterations is independent of the size of the system.vi)
Suitable for large size system.

16. What are the disadvantages of NR method?

i) Programming is moreomplexii) The memory requirement is more iii) Computational time per
Iterationis higher due to large number of calculations per iteration.

17. How the disadvantages of AR method are overcome?

The disdvantages of large memory requirement can be overtymaecoupling the weak coupling

between P { a n-M (i.eQusing de coupled load flow algorithm). The disadvantage of large



computational time per iteration can be reduced by simplifying the decoupled load flow equations. The
simplifications are made ba$en the practical operating conditions of a power system.

18. How are the diagonal elements of ¥s known as?
The diagonal elements of,Yare known as the short circuited driving point admittance otasklfittance

of the buses.

19. State the major steps involvd in load flow studies?
The major steps involved in load flow studies are i) Mathematical modeling of the power system; this

would be a set of nelinear algebraic equations. ii) Solution of the dimear equations through an
iterative technique.

20. Why accderation factor is used in the GS method?
To increase the rate of convergence of the iterative process, acceleration factor is used.

21. What is the need of load flow solution?
The load flow solution is essential for designing a new power system and foimglaaxtension as well

as operation of the existing one for increased power demand.

22. What is load bus?
A load bus is one at which the active power and reactive power are specified. In this bus its voltage can

be allowed to vary within permissible values.e +5%. Also bus voltages phase angle is not very
important for the load.

23. How the convergence of AR method is speeded up?
The convergence of R method is speeded up using fast decoupled load flow (FDLF) method. In FDLF,

the weak coupling between\Pand Qi ar e decoupled and the equations
are further simplified using the practical operating conditions of the power system.

24. What is the need for voltage control in a power system?
The various components of a power systemeguipments connected to power system) are designed to

work satisfactorily at rated voltages. If the equipments are not operated at rated voltages then the
performance of the equipments will be poor and the life of the equipments will reduce. Hence the
voltages at various points in a power system should be maintained at rated value (specified value)

25. How the reactive power of a generator is controlled?
The reactive power of a generator is controlled by varying the magnitude and phase of induced emf,

which in turn varied by varying excitation. For an increase in reactive power the magnitude of induced
emf is increased and its phase angle is decreased. For a reduction in reactive power the magnitude of
induced emf is decreased and its phase angle isaseue

26. What is Jacobian matrix? How the elements of Jacobian matrix are determinediay
2011)(Nov/Dec 2016)
The matrix formed the first order derivatives of load flow equations is called Jacobian matrix (J).The

elements of Jacobian matrix will change inrgvitgeration. In each iteration the elements of this matrix
are obtained by partial differentiating the load flow equations with respect to an unknown variable and
then calculating the first derivatives using the solution of previous iteration.

27. Whatare the information that are obtained from a power flow study? (May 2012)



Bus voltages, Line / transformer power flows, and transmission power losses.

28. Compare Gaussseidal and Newton Raphson methods of load flow solutions. (May

2012)(apr/may 2015)

S. N | Gauss sdal Newton Raphson

1. Reliable More reliable

2. Require large number of iterations | Faster. Require less number if iteration

reach convergence. It has ling

convergence characteristics

reach convergence It has

convergence characteristics.

quadrg

3. Programming task is less Programming is more complex.
4, Suitable for small size system and 1 Suitable for large size system.
suitable for large system. Numb _ _
iterations increases with increase in sij Number of iterations does not depend on
of the system.
5. Memory required is less Memory required is more.

29. Why power flow analysis is made@ov2012)
Power flow analysis is performed to calculate the magnitude and phase angle of voltage at the buses and

also the active power and reactive vaihperes flow for the given terminal or bus conditions. The
variables associated with each bus or node arei) magnitude of voltage (v) iipphegsd e of vol tage
active power (P) iv) reactive volt amperes (Q).

30. What is acceleration factor{Nov2012) (May 2013)
The acceleration factor is a numerical multiplier which is used to increase which is used to increase the

rate of convergence in aterative process. The previous value at the bus is multiplied by the acceleration
factor to obtain a correction to be added to previous values.

31. What is the need of slack bus®™ay 2013) (May 2014)(nov/dec 2016)

The slack bus is needed to account for gmaigsion line losses.In a power system the total power
generated will be equal to sum of power consumed by loads and losses.In a power system only the
generated power and load power are specified for buses.The slack bus is assumed to generate the power
required for losses.Since the losses are unknown the real and reactive power are not specified for slack
bus .They are estimated through the solution of load flow equations.

32. Why do Ygs used in load flow study instead of Z,s? (Nov 2013)
Yous IS sparsity matx ie. Number of norezero elements is less compared to zero elements.

Henceformation of ¥ needs less memory.

33. When will the generator bus be treated as load bugNov 2013)(May 2014)
If the reactive power of a generator bus violates the specified lthréin the generator bus is treated as

load bus.

34. Define voltage controlled bugNovember 2014)
These are the buses where generators are connected. Therefore the power generation in such buses is

controlled through a prime mover while the terminal voltagecontrolled through the generator



excitation. Keeping the input power constant through turgmernor control and keeping the bus
voltage constant using automatic voltage regulator, we can specify cdgtantl |V, |[for these buses.

This is why suclbuses are also referred to a¥ Buses. It is to be noted that the reactive power supplied
by the generatds depends on the system configuration and cannot be specified in advance.
Furthermore we have to find the unknown anglef the bus voltage.

35. In which method for solving load flow problem acceleration factor is used.
Gauss seidal method

Part B

1. Single line diagram of a simple power system, with generators at busses 1 and 3 is shown in Fig.
The magnitude of voltages at bus 1 is 1.05 p.u. geltmagnitude at bus 3 is fixed at 1.04 p.u.
with active power generation of 200 MW. A load consisting of 400 MW and 250 MVAR is taken
from bus 2. Line impedances are marked in p.u. on a 100 MVA base and the line charging
susceptances are neglected. Deteenthe voltage at buses 2 and 3 using G&gsdal method at
the end of first iteration. Also calculate slack bus powd?RIL -MAY 2017

(4004 § 250) MVA

Slacks bus

V= 1.052£0°
0.02 + j0.04

j 0.0
0.01+j 0.03 0.0125 +j O‘A'ZS

@ V104

Py =200 MW

2. The Fig shows the one line diagram of a simple 3 bus power system with generators at buses 1
and 3. Line impedaces are marked in p.u. on a 100 MVA base. Determine the bus voltages at the
end of second iteration using Gag&sidel methodNOV-DEC 2016 MAY-JUNE 2009

2
1 |
. 0.02+j0.04 400 MW
G, e
0.01 -fjl).03 7 0_.01 25+j0.025 550 r

| i
Slack Bus
V1=1.05+j0 '

200 MW Vv3=1.04
G2



3. The system data for load flow solution are given in tables 2 and 3. Determine the voltages at the
end of the first iteration usingthe Gax®® i dal met hod .NOV-BECQ01Y = 1. 6

Line admittances

Bus code Admittances
1-2 2-j8.0
1-3 1-j4.0
2-3 0.666j2.664
2-4 1-j4.0
34 2-j8.0

Schedule of active and reactive powers

Bus code Pinp.u Qinp.u Vinp.u Remarks
1 - - 1.06 Slack
2 0.5 0.2 1+j0.0 PQ
3 0.4 0.3 1+j0.0 PQ
4 0.3 0.1 1+4j0.0 PQ

4. Fig shown below a three bus power system Bus.1: slack bus V= 1.05 p.u, Bus 2: [f\/ Bus

1.0 p.u, B= 3 p.u. Bus 3: PQ Bus®4 p.u, Q =2 p.u. carry out one iteration of load flow
solution by Guss Seidal method. Neglect limits on reactive power genensttdvi?DEC 2014

02

10.4

5. Athree bus power system is shown in figure. The relevant per unit line admittance on 100 MVA
base are indicated dhe diagram and bus data are given in table. Frggaxd determine the
voltages at bus 2 and bus 3 after first iteration using Gauss seidal method. Take the acceleration
f act or NQV-DEC 20136

& TR @
®_—1 -3& -is @)
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Figure. 12(a) A three — bus power system




Bus | Type Generation Load Bus Voltage
No
Ps | Qs(MVAr) | P. | Q. [V(pu)| G d
1 Slack | ? ? 0 0 1:02 0°
2 PQ 25 15 50 | 25 ? ?
3 PQ 0 0 60 | 30 ? ?
6. Consider the power system with the following data:
—hz s Ja
Youss| J2  —Jz Ja
Js Ja  —Js
Bus | Type Generation Load Bus Voltage
No
P Q P Q |V(ppu|u d
1 Slack | - - - - 1.0 0°
2 PV 5.0 - 0 - 1.05 -
3 PQ 0 0 30| 05 - -

Assume that the bus 2 can supply any amount of reactive power. With a flat start, perform the first

iteration of power flow analysis using Newt&aphson methodMAY -JUNE 2013
7. The figure giverbelow shows a power systeMOV-DEC 2012,NOMVDEC 2011

Bus 1: Slack bus &ecfies=1.05 ¢

Bus 2: PV bus Eecfie=1.2 p.u

Bus 3: PQ busP=4 p.

8. Figure shows a five bus power system. Each line has an
impedance of (0.05+ 0.15) p.u. The line shunt admittances
may be neglected. The bus power and voltage specifications

are gven in table.
® Form Yous

u

Pc=3p.u
QL=2 p.u

Carry out one iteration of load flow solution by Ga&ssdal
methal. Take Q limits of generation 2 asQ= 4.

Take

u=1.




(i) Find Q,,85,V3, Vy and Vs after the first iteration using Gauss seidal method. Aséime
min = 0.2 p.u andl;, max =0.6 p.u MAY 1JUNE 2012 B.R.GUPTA

® O

Fig
@ et
Bus No | P; Q: P Q: Vv Bus
Type

1 1.0 0.5 not specified | Not specified | 1.02 Slack bus

2 0 0 2 not specified | 1.02 PV bus

3 0.5 0.2 0 0 not PQ bus
specified

4 0.5 0.2 0 0 not PQ bus
specified

5 0.5 0.2 0 0 not PQ bus
specified

9. For the sample system shown in Fig the generators are connected at all thedau\béle the

loads are at buses 2 and 3. Values of real and reactive powers are listed in table. Bus 2 be a PV
bus with \b = 1.04 p.u and bus 3 and 4 are PQ bus. Assuming a flat voltage start, find bus
voltages and bus angles the end of firs$ @eratios and consider the reactive power limit as

0.2= @; =1. MAY TJUNE 20081 NAGRATH AND KOTHARI

© : P
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Bus | Pp(p.u) | @p(p.u) | Ve(p.u) | Remarks

1 - - 1.04 Slack
bus




2 0.5 - 1.04 PV bus
3 -1.0 0.5 - PQ bus
0.3 -0.1 - PQ bis

10. The system data for a load flow problem are given in table
(1) Compute Yi bus
(ii) Determine bus voltages at the end Bftération by GS method by taking acceleration
factor as 1.6

Bus data
Bus code Priamrznd(p-u) Qdam&nd(p-u) \4 (pU) Remarks
1 - - 1.06 Slack
2 0.5 0.2 - PQ
3 0.4 0.3 - PQ
Line data
Line No Bus code Admittance
(p.u)
1 1-2 2-j8
2 1-3 1-j4
3 2-3 0.6j2.6

11. Fig shows a 3 bus system. The series impedance and shunt admittance of each line 0.026+j0.11
p.u and j0.04 p.u respeactiy.

Bus | Pg Qc P, Qc Bus voltages

1 Unspecified| Unspecified| 1.0 0.5 1.03+j0 (slack)

2 15 Unspecified| 0 0 V=1.03 (PV)

3 0 0 1.2 0.5 Unspecified (PQ bus

For bus 2 the min and max reactive power limits are 0 and 0.8 p.u

() FormY bus



(i) FindP?, @2.P7, Q3

(iii) Find [T9

(iv) Form the general egn for calculating the changes in variables by NR method
12. Formulate the power flow equation for n bus system?

13. State the element of Jacobian Matrix for a system with PQ buses alone?

14. Compare Gaus®ilal and N R method in detail?

15. State the load flow problem and derive load flow equation.

16. (a) What are the practical application of the power flow analysis ?
(b) Derive the mathematical model of phase shifting transformer to be used in a power flow

analysis.

17. What is Jacobian Matrix?How the elements of Jacobian matrix are comddidgd®012)
(Nov2012)

18. Write the step by step procedure for load flow analysis by Newton Raphson method.

(May 2012)(nov 2014]may 2014) .(may/june 2016)(nov/dec 26)

19. (i) Give the classification of various types of buses in a power system for load flow
studieg(Nov 2014) (Nov 2014)
(i) Give the advantages and limitations of Newton Raphson method.

20. Describe the step by step procedure for load flow solutam f5auss siedal method, if PV and PQ
buses are present along with slack. lfiay 2011YMay 2013), (May 2014) .(may/june 2016)(nov/dec
2015)

UNIT 7 1l FAULT ANALYSIS - BALANCED FAULT
PART T A
What is the need for short circuit study?(Nov-Dec 2014)

To determine the magnitude of currents flowing throughout the power system at various time
intervals after a fault occurs. To select the rating of fuses, breakers and switchgear in addition to
setting up of protective relays.

2. Give the frequency ofvarious fault occurrence in ascending orde(May-June 2014)
a) Three phase fault 5%
b) Double lineground fault 10%
¢) Line to line fault 15%
d) Single line to ground fault 70%

=

3. Define bolted faulfMay-June 2014)
All the three phases are shorted and are connectld ground, the fault current is three
times the each phase shorted currentSiyn.se This fault is called as bolted fault.
4. Mention the objectives of short circuit analysigApril -May 2011)

1 To protect against heavy flow of short circuit currents scalnecting the faulty section from
the healthy section by means of circuit breakers.

1 To estimate the magnitude of fault current for proper choice of circuit breaker and protective
relays.

1 To develop protective schemes for various part of the system.

5. What is meant by fault level?(MAY -JUNE 2013)



When a fault occurs at a point in a power system the corresponding MVA is the fault level at that
point.

6. Define negative sequence impedanc€vAY -JUNE 2013)
The impedance of network offered to the flow of negatbequence current is called negative
sequence impedance

7. What are the characteristics of shunt and series faultstNOV-DEC2013)
Shunti shunt fault will decrease the voltage and frequency but increases the current flow
Series series fault wilincrease the voltage and frequency but decrease the current flow.

8. What are the observations made from the analysis of various faultsNQOV-DEC2013
To design the protective schemes for various parts of the system
To select the appropriate devices (releiysuit breakers)
To protective schemes consists of current and voltage sensing devices, protective relays and circuit
breakers.
The selection of these mainly depends on various currents that may flow in the fault conditions.

What is Short Circuit MVA and how it is calculated?nov/dec 2016)

The short circuit capacity or the short circuit MVA at a bus is defined as the product of the magnitudes of
the rated bus voltage and the fault current. S.C MVA capacity of the circuit bredk&rx=pre fault
voltagein KV x S.C current in KA.

2. What are the types of faultsthov/dec 2016)

SERIES FAULT: a) One open conductor fault b) Two open conductor fault

SHUNT FAULT: (a) Symmetrical or balanced fault (i) Three phase Fault(LLLG)(b) Unsymmetrical or
unbalanced dult ( i) Line to line fault(LL)(ii) Line to ground fault (LG)(iii) Double line to ground
fault.(LLG).

3. What are the factors to be considered for selecting the C.B.?

The factors to be considered in selecting a circuit breaker for a protection scheierar&: operating
voltage, Momentary, interrupting current. Speed of the breaker and S.C interrupting MVA.

4. What you mean by symmetrical faultslovember 2014)(may/june 2016)

The fault is called symmetrical fault if the fault current is equal in alptieses and the phase difference
between any two phases is equal.

5. What you mean by doubling effect?

The first peak of the resultant current will become twice the peak value of the final steady current. This
effect is called as doubling effect.

6. What you mean by transient and sub transient reactance?

X6 (transient reactance) is the ra
X066 (sub transient reactance) is t
7. What is the application of transient reactance?

The transient and sub transient reactance helps in calculating the interrupting and maximum momentary
S.c currents.

8. Give the various assumptions made for fault analysis.

The assumptions made in anadysf faults are:i) Each synchronous machine model is represented by an
e.m.f behind a series reactance ii) In the transformer models the shunt that account for core loss and
magnetizing components are neglected.iii) In the transmission line models titecapacitances are
neglected.iv)All series resistances in generators, transformers, lines are neglected.v) In the normal
operating conditions the pre fault voltage may be considered as 1.0 p.u.vi) Load impedances are
neglected; hence the pre fault systewy be treated as unloaded. vii) As the pre fault currents are much
smaller than the post fault currents the pre fault currents can be neglected.

tio of no | oad
he ratio of no



9. Name any methods of reducing short circuit current.

By providing neutral reactances and by introducing@elaalue of shunt reactances between buses.

10.What are the reactances used in the analysis of symmetrical faults on the synchronous machines
as its equivalaentreactances. A

i) Subtransient reactance’Xi) Transient ReactancegXii) Synchronous reactaecXy

11. What is synchronous reactance?

It is the ratio of induced emf and the steady state r.m.scurrgaEX |

It is the sum of leakage reactance and the armature reaction reactances. It is giverXpyXa,Xd =

Synchronous reactance={_eaka@ reactance Xa = Armature reaction reactance.

12What are the causes of fault in power systermv/dec 2015)

A fault may occur on a power system due to a number of reasons. Some of the causes are(i)Insulation

failure of the system(ii)Falling of a tree alp a line(ii)Wind and ice loading on the transmission

lines(iv)Vehicles colliding with supporting structures(v)Overloading of underground cables(vi)Birds

shorting the lines.

13. Name the main differences in representation of power system for load flow astiort circuits

studies

S.N | Load flow studies Short circuit studies

1 The resistances and reactances | The resistances are neglected
considered

2 To solve load flow analysis, the by To solve load flow analysis, the b

admittance matrix is used impedance matrix is used
3 It is used to determine the exact voltages | Prefault voltages are assumed to be 1
currents and the prefault current can be neglected

14. Find the fault current in figure, if the pre fault voltage at the fault point is 0.97p.u?
j0.2

OO0
Fé j0.15

- (0.15+0.2)X0.15

j0.15

T = i- — 0,105
w015+ 02) 4015 P
_Vpf_ 057 _ ..
Fault Curreni; = Eiairerei j9.238p.u

15. What is the reason for transients during short circuits?

The fault or short circuits are associated with sudden change in currents. Most of the components of the
power system have inductive property which opposes adgesuchange in currents and so the faults
(short circuit) are associated with transients.

16. What is the significance of transient reactance in short circuit studies?

The transient reactance is used to estimate the transient value of fault curremtf tdestircuit breakers

open their contacts only during this period. Therefore, for a circuit breaker used for fault clearing, its
interrupting short circuit rating should be less than the transient fault current.

17. What is the significance of subtransient reactance in short circuit studies?



The sub- transient reactance is used to estimate the initial value of fault current immediately on the
occurrence of the fault. The maximum momentary short circuit current rating of the circuit breaker used
for protection or fault clearing should be less than this fault clearing value.

18. How to conduct fault analysis of a power system network?

By using equivalent circuit representation and by using bus impedance matrix

19. What is meant by fault calculatios?

The fault condition of a power system can be dived into sub transient, transient and steadystate periods.
The currents in the various parts of the system and in the fault are different in these periods. The
estimation of these currents for various typd faults at variouslocations in the system are commonly
referred as fault calculations.

20. Mention the objectives of short circuit studies or fault analysigMay 2011)YNov 2012),

(Nov2014)

The short circuit studies are essential in order to desigiewelop the protective schemes for various

parts of the system. The protective scheme consists of current and voltage sensing devices, protective
relays and circuit breakers. The selection or proper choice of these mainly depends on various currents
that may flow in the fault conditions.

21. Write down the balanced and unbalanced faults occurring in a power systenMéy 2011)

BALANCED FAULT:3 phase short circuit fault

UNBALANCED FAULT:Single line to ground fault,line to line fault and doulllae to groum fault.

22. Distinguish symmetrical and unsymmetrical fault(Nov 2012)(May 2013)

The fault is called Symmetrical fault if the fault current is equal in all the plegsé&s.short circuit fault.

The fault is called unsymmetrical fault if the fault current is not equal in all the threephases.eg.i) single
line to ground fault ii) line to line fault iii) double line to ground fault iv) open conductor fault

23. What is mean by fault level? (May 2013)

It relates to the amount of current that can be expected to flow out of a bus in to a 3 phase fault.
Fault level in MVA at bu$ =V, pu nominal * Lipufaus * 530 baze-

25. Define bolted fault(tMay 2014)(may/june 2016)

A fault represents a structural wetrk change equivalent with that caused by the addition of impedance at
the place of the fault. If the fault impedance is zero, then the fault is referred as bolted or solid fault.

26.what are the uses of short circuit capacity.

It is used for determininthe dimension of a busbar and the interrupting capacity of a circuit breaker.

27. Name the method of reducing short circuit capacity.

The short circuit capacity is reduced by introducing artificial series reactors.

29. Which type of fully is more severe.

Three phase to ground fault.

30. Why symmetrical fault occurs in a power system.

The short circuit fault occurs in a power system due to insulation failure of equipments ,flash over of lines

initiated by a lightning stroke or through accidental faulty o@na

31.state the application of short circuit analysis.

(i).for proper relay setting and coordination

(ii).to obtain the rating of protection and switch gear

(iii).to select the circuit breaker

(iv).to perform whenever system expansion is planned.

32.what are the methods to find fault current in fault calculation.

By applying kirchoffdés | aw ,theveninds theorem , Db

33. what are application of theveninbés theorem meth

(i).the fault current can be evaluated

(ii). The bus voltages anchke current during the fault can be determined.

(iii).post fault voltages and currents can be obtained by using prefault voltage and current






