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(EE604PC) POWER SYSTEM ANALYSIS 
(Professional Elective-VI) 

III Year B.Tech. EEE - II Sem                                                                                                     L T/P/D C  
                                                                                                                                                        3 -/-/- 3 

 
UNIT-I 
Network Matrices 

Graph theory: Definitions, Bus incidence Matrix, Ybus formation by direct and singular transformation 
methods, Numerical Problems. 

Formation of Zbus: Partial network, algorithm for the modification of Zbus for addition element for the 
following cases: addition of element from a new bus to reference, addition of element from a new bus to 
an old bus, Addition of element between an old bus to reference and Addition of element between two 
old busses. Modification of Zbus for the changes in network (problems). 

 
UNIT –II 

Power Flow Studies 

Necessity of power flow studies- data for power flow studies- derivation of static load flow equations- 
load flow solution using Gauss seidel Method: Acceleration Factor, load flow solution with and without 
P-V buses, Algorithm and Flowchart, Numerical load flow Solution for Simple Power systems (Max 3- 
buses): Determination of Bus Voltages, Injected Active and Reactive Powers (Sample one iteration only) 
line flows and losses . 

Newton Raphson Method in Rectangular and Polar Co-Ordinates form: Load flow solution with and 
without PV busses- Derivation of Jacobian Elements, Algorithm and Flowchart. Decoupled and Fast 
Decoupled Methods.- Comparison of Different Methods 

 
UNIT-III 
Short Circuit Analysis 

Per unit system representation: Per unit equivalent reactance network of three phase Power System, 
Numerical Problems. 

Symmetrical fault Analysis: short circuit current and MVA Calculations, Numerical Problems. 
Symmetrical Component Theory: Symmetrical Component Transformation, Positive, Negative and Zero 
sequence components: Voltages, Currents and Impedances. Sequence Networks: Positive, Negative and 
Zero sequence Networks, Numerical Problems. 

Unsymmetrical Fault Analysis: LG, LL, LLG faults with and without fault impedances, Numerical 
Problems. 
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UNIT-IV 

Steady State Stability Analysis 

Elementary concepts of Steady State, Dynamic and Transient Stabilities. Description of Steady State 
Stability Power limit, Transfer Reactance, Synchronizing Power Coefficient, Power angle curve and 
determination of steady state stability and methods to improve steady state stability. 

UNIT-V 

Transient Stability Analysis 

Derivation of Swing Equation, Determination of Transient Stability by Equal Area Criterion. Application 
of EAC, Critical Clearing Angle calculation. Solution of swing equation. Point by point method. Methods 
to improve transient stability. 

Text Books: 

1. I.J.Nagrath  and D.P.Kothari,  “Modern  Power System  Analysis”,  Tata
McGraw-Hill Publishing Company, 4nd edition, 2011. 

2. PSR Murthy, “Power Systems Analysis”, BS Publications, 2018. 

Reference Books: 

1. G.W. Stagg & A.H. El-Abiad, “Computer Methods in Power System Analysis”, International 
Student Edition, 1968. 

2. A. Nagoorkani, “Power system Analysis”, RBA publications, 2013 
3. Grainger and Stevenson, “Power System Analysis”, Tata McGraw-Hill

Publishing Company, 1st Edition, 2016. 
4. Power System Analysis - Hadi Saadat, Tata McGraw-Hill Publishing Company, 3nd Edition, 

2010. 
5. B.R. Gupta, “Power System Analysis & Design”, Wheeler Publications, 5rd Edition, 2016. 
6. C.L. Wadwa, “Electrical Power Systems” , New Age International (P) Ltd, 6th edition,2006. 
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Timetable 
 

III B.Tech. I Semester – POWER SYSTEM ANALYSIS 
 
 

 
  

Day/Hour 9.30-10.20 10.20-11.10 11.20-12.10 12.10-0100 01.40-02.25 2.25-3.10 3.15-4.0 

Monday   PSA PSA    

Tuesday        

Wednesday   PSA     

Thursday  PSA      

Friday        

Saturday    PSA    
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Vision of the Institute 
To be a premier Institute in the country and region for the study of Engineering, Technology and 
Management by maintaining high academic standards which promotes the analytical thinking and 
independent judgment among the prime stakeholders, enabling them to function responsibly in the globalized 
society. 
 
Mission of the Institute 
To be a world-class Institute, achieving excellence in teaching, research and consultancy in cutting-edge 
Technologies and be in the service of society in promoting continued education in Engineering, 
Technology and Management. 
 
Quality Policy 
To ensure high standards  in imparting professional education by providing world-class infrastructure, top-
quality-faculty and decent work culture to sculpt the students into Socially Responsible Professionals through 
creative team-work, innovation and research 
 
 
Vision of the Department 
To impart technical knowledge and skills required to succeed in life, career and help society to achieve self 
sufficiency.  
 
Mission of the Department  
 To become an internationally leading department for higher learning.  
 To build upon the culture and values of universal science and contemporary education.    
 To be a center of research and education generating knowledge and technologies which lay groundwork 

in shaping the future in the fields of electrical and electronics engineering.                             
 To develop partnership with industrial, R&D and government agencies and actively participate in 

conferences, technical and community activities.  
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Program Educational Objectives (B.Tech. – EEE) 
Graduates will be able to 
PEO 1: Have a successful technical or professional career, including supportive and leadership roles on 

multidisciplinary teams. 
PEO 2: Acquire, use and develop skills as required for effective professional practices. 
PEO 3: Able to attain holistic education that is an essential prerequisite for being a responsible member of 

society. 
 
 
Program Outcomes (B.Tech. – EEE) 
At the end of the Program, a graduate will have the ability to 
 

PO 1: Apply knowledge of mathematics, science, and engineering.  
PO 2: Design and conduct experiments, as well as to analyze and interpret data.  
PO 3: Design a system, component, or process to meet desired needs within realistic constraints such as 

economic, environmental, social, political, ethical, health and safety, manufacturability, and 
sustainability.  

PO 4: Function on multi-disciplinary teams.  
PO 5: Identify, formulates, and solves engineering problems. 
PO 6: Understanding of professional and ethical responsibility. 
PO 7: Communicate effectively.  
PO 8: Broad education necessary to understand the impact of engineering solutions in a global, economic, 

environmental, and societal context.  
PO 9: Recognition of the need for, and an ability to engage in life-long learning.   
PO 10: Knowledge of contemporary issues. 
PO 11: Utilize experimental, statistical and computational methods and tools necessary for engineering 

practice.  
PO 12: Demonstrate an ability to design electrical and electronic circuits, power electronics, power systems; 

electrical machines analyze and interpret data and also an ability to design digital and analog systems 
and programming them. 
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COURSE OBJECTIVES 
 
On completion of this Subject/Course the student shall be able to: 

S.No Objectives 
1 Ability to understand formation of Power System matrices by various computer 

methods. 
2 Ability to apply the mathematical concepts to solve power flow analysis and the 

power system behavior. 
3 Ability to understand the short circuit fault analysis. 

4 Ability to understand the steady state stability analysis. 

5 Ability to understand the transient stability analysis. 

 
 

COURSE OUTCOMES 
 
The expected outcomes of the Course/Subject are: 

S.No Outcomes 
1. Acquire the knowledge on incidence matrices and addition elements to the network. 

2. Develop the knowledge about power flow studies of different buses. 

3. Analyze the symmetrical faults and unsymmetrical faults. 

4. Develop the knowledge about power system steady state stability analysis. 

5. Acquire the knowledge about power system transient stability analysis. 

 
 

       Signature of faculty 
 
 
Note: Please refer to Bloom’s Taxonomy, to know the illustrative verbs that can be used to state the outcomes. 
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GUIDELINES TO STUDY THE COURSE / SUBJECT 

 
 
Course Design and Delivery System (CDD): 

 The Course syllabus is written into number of learning objectives and outcomes. 
 Every student will be given an assessment plan, criteria for assessment, scheme of evaluation and 

grading method. 
 The Learning Process will be carried out through assessments of Knowledge, Skills and Attitude by 

various methods and the students will be given guidance to refer to the text books, reference books, 
journals, etc. 
   

The faculty be able to –  
 Understand the principles of Learning 
 Understand the psychology of students 
 Develop instructional objectives for a given topic 
 Prepare course, unit and lesson plans 
 Understand different methods of teaching and learning  
 Use appropriate teaching and learning aids 
 Plan and deliver lectures effectively 
 Provide feedback to students using various methods of Assessments and tools of Evaluation 
 Act as a guide, advisor, counselor, facilitator, motivator and not just as a teacher alone 

 
 
 
 
Signature of HOD        Signature of faculty 
 
Date:          Date: 
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COURSE SCHEDULE 

                                             
The Schedule for the whole Course / Subject is: 

S. No. Description 
Duration (Date) Total No. 

of Periods From To 

1. 
 

UNIT-I 
Network Matrices 
Graph theory: Definitions, Bus incidence Matrix, Ybus 
formation by direct and singular transformation methods, 
Numerical Problems. 
Formation of Zbus: Partial network, algorithm for the 
modification of Zbus for addition element for the following 
cases: addition of element from a new bus to reference, 
addition of element from a new bus to an old bus, Addition of 
element between an old bus to reference and Addition of 
element between two old busses. Modification of Zbus for the 
changes in network (problems). 

22.01.2024 08.02.2024 12 

2. 
 

UNIT –II 
Power Flow Studies 
Necessity of power flow studies- data for power flow studies- 
derivation of static load flow equations- load flow solution 
using Gauss seidel Method: Acceleration Factor, load flow 
solution with and without P-V buses, Algorithm and 
Flowchart, Numerical load flow Solution for Simple Power 
systems (Max 3- buses): Determination of Bus Voltages, 
Injected Active and Reactive Powers (Sample one iteration 
only) line flows and losses . 
Newton Raphson Method in Rectangular and Polar Co-
Ordinates form: Load flow solution with and without PV 
busses- Derivation of Jacobian Elements, Algorithm and 
Flowchart. Decoupled and Fast Decoupled Methods.- 
Comparison of Different Methods 

13.02.2024 16.03.2024 16 

3. 
 

UNIT-III 
Short Circuit Analysis 
Per unit system representation: Per unit equivalent reactance 
network of three phase Power System, Numerical Problems. 
Symmetrical fault Analysis: short circuit current and MVA 
Calculations, Numerical Problems. Symmetrical Component 
Theory: Symmetrical Component Transformation, Positive, 
Negative and Zero sequence components: Voltages, Currents 
and Impedances. Sequence Networks: Positive, Negative and 
Zero sequence Networks, Numerical Problems. 
Unsymmetrical Fault Analysis: LG, LL, LLG faults with and 
without fault impedances, Numerical Problems. 

17.03.2024 10.04.2024 19 

4. 
 

UNIT-IV 
Steady State Stability Analysis 
Elementary concepts of Steady State, Dynamic and Transient 
Stabilities. Description of Steady State Stability Power limit, 
Transfer Reactance, Synchronizing Power Coefficient, Power 
angle curve and determination of steady state stability and 
methods to improve steady state stability. 

11.04.2024 03.05.2024 12 
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5. 
 

UNIT-V 
Transient Stability Analysis 
Derivation of Swing Equation, Determination of Transient 
Stability by Equal Area Criterion. Application of EAC, 
Critical Clearing Angle calculation. Solution of swing 
equation. Point by point method. Methods to improve transient 
stability. 

04.05.2024 17.06.2024 13 

 

Total No. of Instructional periods available for the course: 72 Hours  
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SCHEDULE OF INSTRUCTIONS - COURSE PLAN 

 

Unit 
No. 

Lesson 
No. 

Date 
No. of 
Periods 

Topics / Sub-Topics 

Objectives 
& 

Outcomes 
Nos. 

References 
(Textbook, Journal) 

1. 

1 22.01.24 1 
UNIT-I 

Network Matrices 
Graph theory 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

2 24.01.24 1 
Definitions, Bus incidence 

Matrix 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

3 25.01.24 1 
Ybus formation by direct and 

singular transformation 
methods 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

4 27.01.24 1 
Ybus formation by direct and 

singular transformation 
methods 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

5 29.01.24 1 Numerical Problems 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

6 31.01.24 1 Numerical Problems 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

7 01.02.24 1 
Formation of Zbus: Partial 

network 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

8 02.02.24 1 
algorithm for the modification 
of Zbus for addition element 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

9 03.02.24 1 
addition of element from a 

new bus to reference 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

10 05.02.24 1 
addition of element from a 

new bus to an old bus 
1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

11 07.02.24 1 

Addition of element 
between an old bus to 

reference and Addition of 
element between two old 

busses 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 

12 08.02.24 1 
Modification of Zbus for the 

changes in network 
(problems). 

1 
1 

PSR Murthy, 
“Power Systems 

Analysis 
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2. 

1 09.02.24 1 

UNIT –II 
Power Flow Studies 

Necessity of power flow 
studies 

1 
1 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

2 12.02.24 1 Data For Power Flow Studies 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

3 14.02.24 1 
derivation of static load flow 

equations 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

4 15.02.24 1 
load flow solution using Gauss 

seidel Method 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

5 16.02.24 1 Acceleration Factor 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

6 19.02.24 1 
load flow solution with and 

without P-V buses 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

7 22.02.24 1 Algorithm and Flowchart 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

8 23.02.24 1 
Numerical load flow Solution 

for Simple Power systems 
(Max 3- buses) 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
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Methods in 
Power System 

Analysis 

9 24.02.24 1 Determination of Bus Voltages 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

10 26.02.24 1 
Injected Active and Reactive 
Powers (Sample one iteration 

only) line flows and losses 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

11 28.02.24 1 
Newton Raphson Method in 

Rectangular 

 
 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

12 29.02.24 1 Polar Co-Ordinates form 

 
 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

13 01.03.24 1 
Derivation of Jacobian 

Elements 

 
 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

14 02.03.24 1 Algorithm and Flowchart 

 
 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

15 04.03.24 1 
. Decoupled and Fast 
Decoupled Methods 

 
 

2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 
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16 06.03.24 1 
Comparison of Different 

Methods 
2 
2 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

 
3. 

1 07.03.24 1 
UNIT-III 
Short Circuit Analysis 
Per unit system representation 

3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

2 11.03.24 1 
Per unit equivalent reactance 
network of three phase Power 

System 

3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

3 13.03.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

4 14.03.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

5 15.03.24 1 Symmetrical fault Analysis 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

6 17.03.24 1 
short circuit current and MVA 

Calculations 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

7 18.03.24 1 
short circuit current and MVA 

Calculations 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
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Methods in 
Power System 

Analysis 

8 20.03.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

9 21.03.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

10 22.03.24 1 
Symmetrical Component 

Theory 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

11 23.03.24 1 
Symmetrical Component 

Transformation 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

12 27.03.24 1 
Positive, Negative and Zero 
sequence components 

3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

13 28.03.24 1 
Voltages, Currents and 

Impedances 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

14 01.04.24 1 Sequence Networks 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 
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15 03.04.24 1 
Positive, Negative and Zero 

sequence Networks 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

16 04.04.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

17 06.04.24 1 Unsymmetrical Fault Analysis 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

18 08.04.24 1 
LG, LL, LLG faults with and 

without fault impedances 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

19 10.04.24 1 Numerical Problems 
3 
3 

G.W. Stagg & A.H. 
El-Abiad, 

“Computer 
Methods in 

Power System 
Analysis 

 
 
 
 
 
 

4 

1 15.04.24 1 
UNIT-IV 

Steady State Stability Analysis 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

2 18.04.24 1 
Elementary concepts of Steady 

State 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

3 19.04.24 1 
Dynamic and Transient 

Stabilities 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

4 20.04.24 1 
Description of Steady State 

Stability Power limit 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

5 22.04.24 1 Transfer Reactance 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 
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6 24.04.24 1 
Synchronizing Power 

Coefficient 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

7 25.04.24 1 Power angle curve 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

8 26.04.24 1 
determination of steady state 

stability 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

9 29.04.24 1 
methods to improve steady 

state stability 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

10 01.05.24 1 
methods to improve steady 

state stability 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

11 02.05.24 1 
methods to improve steady 

state stability 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

12 03.05.24 1 
methods to improve steady 

state stability 
4 
4 

A. Nagoorkani, 
“Power system 

Analysis 

5 

1 04.05.24 1 
UNIT-V 

Transient Stability Analysis 
Derivation of Swing Equation 

5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

2 03.06.24 1 
Determination of Transient 

Stability by Equal Area 
Criterion 

5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

3 05.06.24 1 Application of EAC 
5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

4 06.06.24 1 
Critical Clearing Angle 

calculation 
5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

5 07.06.24 1 Solution of swing equation 
5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

6 08.06.24 1 Point by point method 
5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

7 10.06.24 1 
Methods to improve transient 

stability 
5 
5 

A. Nagoorkani, 
“Power system 

Analysis 

8 12.06.24 1 
Methods to improve transient 

stability 
1, 2, 3, 4, 

5 

A. Nagoorkani, 
“Power system 

Analysis 
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1, 2, 3, 4, 
5 

9 13.06.24 1 
Methods to improve transient 

stability 
1, 2 
1, 2 

A. Nagoorkani, 
“Power system 

Analysis 

10 14.06.24 1 Revision 
3, 4 
3, 4 

A. Nagoorkani, 
“Power system 

Analysis 

11 15.06.24 1 Revision 
1 
1 

A. Nagoorkani, 
“Power system 

Analysis 

13 17.06.24 1 Revision 
1 
1 

A. Nagoorkani, 
“Power system 

Analysis 
 
 
 
 
 
 
 
Signature of HOD        Signature of faculty 
 
Date:          Date: 
 
Note: 

1. Ensure that all topics specified in the course are mentioned. 
2. Additional topics covered, if any, may also be specified in bold. 
3. Mention the corresponding course objective and outcome numbers against each topic. 
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LESSON PLAN (U-I) 

 
 
Lesson No: 01    Duration of Lesson:  50 min 
 
Lesson Title: Introduction to EHVAC Transmission 
 
Instructional / Lesson Objectives: 
 

 To make students understand Network Matrices Graph theory: Definitions 
 To familiarize students on Power Flow Studies Necessity of power flow studies 
 To understand students the concept of Short Circuit Analysis. 
 To provide information on Steady State Stability Analysis. 

 
Teaching AIDS            : PPTs, Digital Board 
Time Management of Class : 

 
5 mins for taking attendance 
35 min for the lecture delivery 
10 min for doubts session 

 
Assignment / Questions:  
(Note: Mention for each question the relevant Objectives and Outcomes Nos.1,2,3,4 & 1,3..) 
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Unit 
No. 

Lesson 
No. 

Date 
Day of The 

Week 
Topics / Sub-Topics 

1. 

1 22.01.24 MON UNIT-I 
Network Matrices Graph theory 

2 24.01.24 WED Definitions, Bus incidence Matrix 

3 25.01.24 THU 
Ybus formation by direct and singular transformation 

methods 

4 27.01.24 SAT 
Ybus formation by direct and singular transformation 

methods 
5 29.01.24 MON Numerical Problems 
6 31.01.24 WED Numerical Problems 
7 01.02.24 THU Formation of Zbus: Partial network 
8 02.02.24 FRI algorithm for the modification of Zbus for addition element 
9 03.02.24 SAT addition of element from a new bus to reference 

10 05.02.24 MON addition of element from a new bus to an old bus 

11 07.02.24 WED 
Addition of element between an old bus to reference 

and Addition of element between two old busses 

12 08.02.24 THU 
Modification of Zbus for the changes in network 

(problems). 

13 09.02.24 FRI 
UNIT –II 

Power Flow Studies Necessity of power flow studies 

2. 

14 12.02.24 MON Data For Power Flow Studies 
15 14.02.24 WED derivation of static load flow equations 
16 15.02.24 THU load flow solution using Gauss seidel Method 
17 16.02.24 FRI Acceleration Factor 
18 19.02.24 MON load flow solution with and without P-V buses 
19 22.02.24 THU Algorithm and Flowchart 

20 23.02.24 FRI 
Numerical load flow Solution for Simple Power systems 

(Max 3- buses) 
21 24.02.24 SAT Determination of Bus Voltages 

22 26.02.24 MON 
Injected Active and Reactive Powers (Sample one iteration 

only) line flows and losses 
23 28.02.24 WED Newton Raphson Method in Rectangular 
24 29.02.24 THU Polar Co-Ordinates form 
25 01.03.24 FRI Derivation of Jacobian Elements 

 
3. 

26 02.03.24 SAT Algorithm and Flowchart 
27 04.03.24 MON . Decoupled and Fast Decoupled Methods 
28 06.03.24 WED Comparison of Different Methods 

29 07.03.24 THU 
UNIT-III 

Short Circuit Analysis Per unit system representation 

30 11.03.24 MON 
Per unit equivalent reactance network of three phase Power 

System 
31 13.03.24 WED Numerical Problems 

32 14.03.24 THU Numerical Problems 

33 15.03.24 FRI Symmetrical fault Analysis 

34 17.03.24 SUN short circuit current and MVA Calculations 

35 18.03.24 MON short circuit current and MVA Calculations 
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36 20.03.24 WED Numerical Problems 

37 21.03.24 THU Numerical Problems 

38 22.03.24 FRI Symmetrical Component Theory 

39 23.03.24 SAT Symmetrical Component Transformation 

40 27.03.24 WED Positive, Negative and Zero sequence components 

41 28.03.24 THU Voltages, Currents and Impedances 

42 01.04.24 MON Sequence Networks 

43 03.04.24 WED Positive, Negative and Zero sequence Networks 

44 04.04.24 THU Numerical Problems 

 
4 

45 06.04.24 SAT Unsymmetrical Fault Analysis 

46 08.04.24 MON LG, LL, LLG faults with and without fault impedances 

47 10.04.24 WED Numerical Problems 

48 15.04.24 MON 
UNIT-IV 

Steady State Stability Analysis 
49 18.04.24 THU Elementary concepts of Steady State 

50 19.04.24 FRI Dynamic and Transient Stabilities 

51 20.04.24 SAT Description of Steady State Stability Power limit 

52 22.04.24 MON Transfer Reactance 

53 24.04.24 WED Synchronizing Power Coefficient 

54 25.04.24 THU Power angle curve 

55 26.04.24 FRI determination of steady state stability 
56 29.04.24 MON methods to improve steady state stability 
57 01.05.24 WED methods to improve steady state stability 
58 02.05.24 THU methods to improve steady state stability 
59 03.05.24 FRI methods to improve steady state stability 

60 04.05.24 SAT 
UNIT-V 

Transient Stability Analysis Derivation of Swing Equation 

5 

61 03.06.24 MON 
Determination of Transient Stability by Equal Area 

Criterion 
62 05.06.24 WED Application of EAC 

63 06.06.24 THU Critical Clearing Angle calculation 

64 07.06.24 FRI Solution of swing equation 

65 08.06.24 SAT Point by point method 

66 10.06.24 MON Methods to improve transient stability 
67 12.06.24 WED Methods to improve transient stability 
68 13.06.24 THU Methods to improve transient stability 
69 14.06.24 FRI Revision 
70 15.06.24 SAT Revision 
71 17.06.24 MON Revision 
72 17.06.24 MON Revision 
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  ASSIGNMENT – I   

 
Answer all the questions. Each question carry equal marks                                   Total Marks=5  
 
 

Q.NO Question 
Course 

Outcome 
Bloom’s 

Level 
UNIT- I 

1. 
What is primitive network? Give detailed analysis of impedance 
form and admittance form. 

CO 1 L3 

2. Derive the expression for addition of link to the existing network. CO 1 L3 
UNIT- II 

3. 
Give the comparison between GS method and NR method. Conclude 
which method is better for load flow studies. 

CO 2 L3 

4. Derive the equations for static load flow solution. CO 2 L4 
UNIT- III 

5. 
What is a per unit value? Give its advantages and how can it be useful 
in power systems. 

CO 3 L3 
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ASSIGNMENT – II   
 
Answer all the questions. Each question carry equal marks                                   Total Marks=5  
 

Q.NO Question 
Course 

Outcome 
Bloom’s 

Level 
UNIT- III 

1. 
Draw and explain sequence networks of Synchronous machine and 
transmission lines of a power system. 

CO 3 L3 

UNIT- IV 

2. 
Derive the formula for power angle equation through a transmission 
line.  

CO 4 L3 

3. Explain the methods to improve steady state stability. CO 4 L3 

UNIT- V 

4. Derive an expression for the critical clearing angle for a power system CO 5 L3 

5. consisting of a single machine supplying to an infinite bus, for a sudden CO 5 L3 
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TUTORIAL SHEET – 1 

 
 
This tutorial corresponds to Unit No. 5 (Objective Nos.: 5, Outcome Nos.: 5) 
            
1. Single line diagram of which of the following power system is possible? 

a) Power system with LG fault 
b) Balanced power system 
c) Power system with LL fault 
d) Power system with LLG fault 

2. A power system will have greater flexibility of operation if they have __________ 
a) Only Base load plants operating in combination 
b) Various types of power plants operating in combination 
c) Only Peak load plants operating in combination 
d) Only thermal power plants operating in combination 

3. In impedance diagram different power system elements are represented by symbols. 
a) False 
b) True 

4. A 200 bus power system has 160 PQ bus. For achieving a load flow solution by N-R in polar 
coordinates, the minimum number of simultaneous equation to be solved is ___________ 

a) 359 
b) 334 
c) 357 
d) 345 

5. The given graph is the depiction of ________ on a large power system network. 
a) Three phase motor getting short 
b) L-G fault 
c) Ratings of machines 
d) Any of the mentioned 

6. If all the sequence voltages at the fault point in a power system are equal, then fault is __________ 
a) LLG fault 
b) Line to Line fault 
c) Three phase to ground fault 
d) LG fault 

7. If the power system network is at Vs∠δ and receiving end voltage is Vr∠0 consisting of the impedance 
of TL as (R+j5)Ω. For maximum power transfer to the load, the most appropriate value of resistance R 
should be __________ 

a) 1.732 
b) 3.45 
c) 5.2 
d) 0.33 
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8. Rate of convergence of the Newton-Raphson method is generally __________ 
a) Linear 
b) Quadratic 
c) Super-linear 
d) Cubic 
 

9. What is the value of transient stability limit? 
a. Higher than steady state stability limit 
b. Lower than steady state stability limit. 
c. Depending upon the severity of load 
d. All of these 
e. None of these 

 
10. Which among these is a classification of power system stability? 

a. Frequency stability 
b. Voltage stability 
c. Rotor angle stability 
d. All of these 
e. None of these 

11. What is transient stability limit? 
 

a. The maximum flow of power through a particular point in the power system without loss of 
stability when small disturbances occur. 

b. The maximum power flow possible through a particular component connected in the power 
system. 

c. The maximum flow of power through a particular point in the power system without loss of 
stability when large and sudden disturbances occur 

d. All of these 
e. None of these 

12. By using which component can the transient stability limit of a power system be improved? 
 

a. Series resistance 
b. Series capacitor 
c. Series inductor 
d. Shunt resistance 

13. Which among the following methods is used for improving the system stability? 
a. Increasing the system voltage 
b. Reducing the transfer reactance 
c. Using high speed circuit breaker 
d. All of these 
e. None of these 
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14. By _______, transient state stability is generally improved.  
a) using low inertia machines  
b) using high speed governors on machines  
c) dispensing with neutral grounding  
d) either "using low inertia machines" or "dispensing with neutral grounding" 

 
15. Steady state stability limit is defined as maximum power flow possible through a particular point without 

loss of stability when the ___________ 
a) power is increased gradually 
b) power is increased suddenly 
c) power is reduced gradually 
d) power is reduces suddenly 
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COURSE COMPLETION STATUS 
 

 
Actual Date of Completion & Remarks if any 
 

Units Remarks 
Objective No.  

Achieved 
Outcome No. 

Achieved 

Unit 1 completed on 08.02.2024 1 1 

Unit 2 completed on 06.03.2024 2 2 

Unit 3 completed on 10.04.2024 3 3 

Unit 4 completed on 03.05.2024 4 4 

Unit 5 completed on 17.06.2024 5 5 
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Mappings 

 
1. Course Objectives-Course Outcomes Relationship Matrix  

(Indicate the relationships by mark “X”) 
 

          Course-Outcomes 
 
Course-Objectives 

1 2 3 4 5 

1 H  M   

2  H   M 

3   M   

4  M  H  

5     H 
 
 

2. Course Outcomes-Program Outcomes (POs) & PSOs Relationship Matrix  
(Indicate the relationships by mark “X”) 

   P-Outcomes 
 
 
 
C-Outcomes 

a b c d e f g h i j k l 
PSO 

1 
PSO 

2 

1 H  H  H      M  H  

2 H  H  M    H  H  H H 

3 M  M  M    M  M   M 

4 H  H  H    H  H  M  

5 M  M  M    M  M    
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Rubric for Evaluation 

 
 

Performance Criteria 
Unsatisfactory Developing Satisfactory Exemplary 

1 2 3 4 

Research & Gather 
Information 

Does not collect any 
information that 

relates to the topic 

Collects very little 
information some 
relates to the topic 

Collects some 
basic Information 
most relates to the 

topic 

Collects a great deal 
of Information all 
relates to the topic 

Fulfill team role’s duty 
Does not perform 

any duties of 
assigned team role. 

Performs very little 
duties. 

Performs nearly all 
duties. 

Performs all duties of 
assigned team role. 

Share Equally 
Always relies on 
others to do the 

work. 

Rarely does the 
assigned work - often 

needs reminding. 

Usually does the 
assigned work - 

rarely needs 
reminding. 

Always does the 
assigned work 

without having to be 
reminded 

Listen to other team 
mates 

Is always talking—
never allows anyone 

else to speak. 

Usually doing most of 
the talking-- rarely 

allows others to 
speak. 

Listens, but 
sometimes talks 

too much. 

Listens and speaks a 
fair amount. 
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First Internal Examination Marks 

Programme : B Tech  Year: III          Course: Theory              A.Y: 2023-24 

Course: PSA                 Section: A                                     Faculty Name: Dr.S.Chandrasekhar  

S. 

No 

Roll No Assignment/Objecti

ve Marks (5) 

Subjective 

Marks (20) 

Total Marks 

(25) 

1 19C11A0201 4 4 8 

2 20C11A0201 4 0 4 

3 20C11A0202 4 5 9 

4 20C11A0203 4 0 4 

5 20C11A0204 4 5 9 

6 20C11A0205 4 13 17 

7 20C11A0206 4 2 6 

8 20C11A0207 4 12 16 

9 20C11A0208 5 16 21 

10 20C11A0209 4 0 4 

11 20C11A0210 4 10 14 

12 20C11A0211 4 5 9 

13 20C11A0212 4 0 4 
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14 20C11A0214 4 8 12 

15 20C11A0215 4 20 24 

16 20C11A0216 4 15 19 

17 20C11A0217 4 5 9 

18 20C11A0218 4 6 10 

19 20C11A0219 4 18 22 

20 20C11A0220 4 14 18 

21 20C11A0221 4 0 4 

22 21C15A0201 4 16 20 

23 21C15A0202 4 10 14 

 

 

 

No. of Absentees:    00  

Total Strength:         23 

Signature of Faculty 

 

                  Signature of HoD 
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Programme : B Tech  Year: III          Course: Theory              A.Y: 2023-24 

Course: PSA                 Section: A                                     Faculty Name: Dr.S.Chandrasekhar 
    

S. 

No 

Roll No Assignment/Objecti

ve Marks (5) 

Subjective 

Marks (20) 

Total Marks 

(25) 

1 19C11A0201 5 5 9 

2 20C11A0201 5 3 6 

3 20C11A0202 5 4 9 

4 20C11A0203 5 0 5 

5 20C11A0204 5 8 11 

6 20C11A0205 5 4 13 

7 20C11A0206 5 10 11 

8 20C11A0207 5 14 18 

9 20C11A0208 5 17 22 

10 20C11A0209 5 6 8 

11 20C11A0210 5 2 11 

12 20C11A0211 5 4 9 

13 20C11A0212 5 2 6 

14 20C11A0214 5 7 12 
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15 20C11A0215 5 11 20 

16 20C11A0216 5 12 18 

17 20C11A0217 5 7 11 

18 20C11A0218 5 7 11 

19 20C11A0219 5 8 18 

20 20C11A0220 5 9 16 

21 20C11A0221 5 6 8 

22 21C15A0201 5 7 16 

23 21C15A0202 5 10 15 

 

 

 

No. of Absentees:    00  

Total Strength:         23 

Signature of Faculty 

                

   Signature of HoD 
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POWER SYSTEM STABILITY 
LESSON SUMMARY-1:- 

1. Introduction 
2. Classification of Power System Stability 
3. Dynamic Equation of Synchronous Machine 

Power system stability involves the study of the dynamics of the power system 
under disturbances. Power system stability implies that its ability to return to 
normal or stable operation after having been subjected to some form of 
disturbances. 

From the classical point of view power system instability can be seen as loss of 
synchronism (i.e., some synchronous machines going out of step) when the system 
is subjected to a particular disturbance. Three type of stability are of concern: 
Steady state, transient and dynamic stability. 

Steady-state Stability:- 

Steady-state stability relates to the response of synchronous machine to a 
gradually increasing load. It is basically concerned with the determination of the 
upper limit of machine loading without losing synchronism, provided the loading 
is increased gradually. 

Dynamic Stability:- 

Dynamic stability involves the response to small disturbances that occur on the 
system, producing oscillations. The system is said to be dynamically stable if 
theses oscillations do not acquire more than certain amplitude and die out quickly. 
If these oscillations continuously grow in amplitude, the system is dynamically 
unstable. The source of this type of instability is usually an interconnection 
between control systems. 

Transient Stability:- 

Transient stability involves the response to large disturbances, which may cause 
rather large changes in rotor speeds, power angles and power transfers. Transient 
stability is a fast phenomenon usually evident within a few second. 
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Power system stability mainly concerned with rotor stability analysis. For this 
various assumptions needed such as: 

 For stability analysis balanced three phase system and balanced disturbances 
are considered. 

 Deviations of machine frequencies from synchronous frequency are small. 
 During short circuit in generator, dc offset and high frequency current are 

present. But for analysis of stability, theses are neglected. 
 Network and impedance loads are at steady state. Hence voltages, currents 

and powers can be computed from power flow equation. 

Dynamics of a Synchronous Machine :- 

The kinetic energy of the rotor in synchronous machine is given as: 

   KE=1/2Jws
2 x10 -6 MJoule……………………...………...… (1) 

Where                      J= rotor moment of inertia in kg-m2 

                 ws = synchronous speed in mechanical radian/sec. 

Speed in electrical radian is 

           wse = (P/2) ws = rotor speed in electrical radian/sec…….....….(2) 

Where                   P = no. of machine poles  

From equation (1) and (2) we get 

          KE=  
 

 
   

 

 
 
 
        

        MJ………………..……….. (3) 

 or       KE=  
 

 
     MJ 

Where  M =     
 

 
 
 
        

   = moment of inertia in  

MJ.sec/elect. radian……..... (4) 

We shall define the inertia constant H, such that 

GH = KE = 
 

 
     MJ…………………….…….…………. (5) 

Where   G = three-phase MVA rating (base) of machine 

   H = inertia constant in MJ/MVA or MW.sec/MVA 
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From equation (5), we can write, 

   M = 
   

   
  

   

   
  

  

  
 MJ.sec/elect. radian……....………… (6) 

or    M = 
  

    
 MJ.sec/elect. degree……………….…….…………(7) 

    M is also called the inertia constant. 

Assuming G as base, the inertia constant in per unit is 

   M(pu) = 
 

  
 Sec2

/elect.radian………………….………………(8) 

or                           M(pu) = 
 

    
 Sec2/elect.degree………………….……………(9) 

LESSON SUMMARY-2:- 

1. Swing equation 
2. Multi machine system 
3. Machines swinging in unison or coherently 
4. Examples 

Swing Equation:- 

 

GENERATOR

Pe

Tm Ws

Te

Pm

 

(Fig.-1 Flow of power in a synchronous generator) 

Consider a synchronous generator developing an electromagnetic torque Te(and 
a corresponding electromagnetic power Pe) while operating at the synchronous 
speed ws. If the input torque provided by the prime mover, at the generator shaft is 
Ti, then under steady state conditions (i.e., without any disturbance). 
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     Te = Ti ……………………………………….. (10) 

Here we have neglected any retarding torque due to rotational losses. Therefore 
we have 

   Te ws= Ti ws……………………………………….. (11) 

And                        Te ws - Ti ws = Pi - Pe = 0……………...…………………… (12) 

When a change in load or a fault occurs, then input power Pi is not equal to Pe. 
Therefore left side of equation is not zero and an accelerating torque comes into 
play. If Pa is the accelerating (or decelerating) power, then 

   Pi- Pe =   
    

   
  

   

  
    …………………...………… (13) 

Where   D = damping coefficient 

   θe = electrical angular position of the rotor 

It is more convenient to measure the angular position of the rotor with respect 
to a synchronously rotating frame of reference. Let 

         δ = θe -ws.t ……………………………..……………… (14) 

                          So       
    

   
  

   

   
    …………………………...……………… (15) 

Where δ is power angle of synchronous machine. 

δ

θe

Ws

Rotor Field

Reference rotating 
axis

Reference axis

 

 

(Fig.2 Angular Position of rotor with respect to reference axis) 

Neglecting damping (i.e., D = 0) and substituting equation (15) in equation (13) 
we get 
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       MW……………………………….. (16) 

Using equation (6) and (16), we get 

    
  

  
 
   

   
        MW……………………………… (17) 

Dividing throughout by G, the MVA rating of the machine, 

          
   

   
         pu………………………….... (18) 

Where          
 

  
 …………………………………………. (19) 

or    
 

  
 
   

   
         pu………………….…………… (20) 

Equation (20) is called Swing Equation. It describes the rotor dynamics for a 
synchronous machine. Damping must be considered in dynamic stability study. 

Multi Machine System:- 

In a multi machine system a common base must be selected. Let 

   Gmachine = machine rating (base) 

   Gsystem = system base 

Equation (20) can be written as:  

         
        

       
  
        

  
 
   

   
         

        

       
 ………………… (21) 

So                         
       

  
 
   

   
         pu on system base…………...…… (22) 

Where                   
        

       
         ………………………….(23) 

                                            = machine inertia constant in system base 

Machines Swinging in Unison (Coherently) :- 

Let us consider the swing equations of two machines on a common system 
base, i.e., 

                       
  

  
 
    

   
           ………………………...……. (24) 
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           …………..…………...…. (25) 

Since the machines rotor swing in unison, 

                                δ 1 = δ 2 = δ …………………….……………..(26) 

Adding equations (24) and (25) and substituting equation (26), we get 

                  
   

  
 
   

   
         …………………………...… (27) 

Where             Pi = Pi1 + Pi2 

          Pe = Pe1 + Pe2 

          Heq = H1 + H2  

Equivalent inertia Heq can be expressed as: 

                           
          

       
               

          

       
             …….. (28) 

Example1:- 

A 60 Hz, 4 pole turbo-generator rated 100MVA, 13.8 KV has inertia constant 
of 10 MJ/MVA. 

(a) Find stored energy in the rotor at synchronous speed. 
(b) If the input to the generator is suddenly raised to 60 MW for an electrical 

load of 50 MW, find rotor acceleration. 
(c) If the rotor acceleration calculated in part (b) is maintained for 12 cycles, 

find the change in torque angle and rotor speed in rpm at the end of this 
period. 

(d) Another generator 150 MVA, having inertia constant 4 MJ/MVA is put in 
parallel with above generator. Find the inertia constant for the equivalent 
generator on a base 50 MVA.  

Solution:- 

(a) Stored energy = GH 
   = 100MVA x 10MJ/MVA 
   = 1000MJ 

(b) Pa = Pi-Pe = 60-50 = 10MW 

We know,    M = 
  

    
 = 

      

      
 = 

 

  
 MJ.sec/elect.deg.\ 
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Now   
   

   
           

 
 

  

   

   
 = 10 

 
   

   
 = 

     

 
 = 108 elect.deg./sec2 

So, α = acceleration = 108 elect.deg./sec
2 

(c) 12 cycles = 12/60 = 0.2sec.  

Change in δ = ½ α.(Δt)
2 = ½.108.(0.2)2 =2.16 elect.deg 

Now α = 108 elect.deg./sec
2 

        = 60 x (108/360ᵒ) rpm/sec 
       = 18 rpm/sec 

  Hence rotor speed at the end of 12 cycles 

   = 
    

 
       

   = (
      

 
       ) rpm  

   = 1803.6 rpm. 

(d) Heq = 
    

  
 

    

  
 

      

  
 

     

  
 =32MJ/MVA 

LESSON SUMMARY-3:- 

1. Power flow under steady state 
2. Steady-state Stability 
3. Examples 

Power Flow under Steady State:- 

Consider a short transmission line with negligible resistance. 

VS = per phase sending end voltage 
      VR = per phase receiving end voltage 
      Vs leads VR by an angle δ 
      x = reactance of per transmission line 
 
 
 
 

I

jx
+ +

- -

Vs
VR

 
                    (Fig.3-A short transmission line) 
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On the per phase basis power on sending end, 

    SS = PS + j QS =VSI*…………………….………….. (29) 

From Fig.3 I is given as 

    I =
     

  
  

or                         I* =
  

    
 

   
 ………….………………………. (30) 

From equation (29) and (30), we get 

          SS = 
     

    
  

   
…………………………………. (31) 

Now   VR =|VR|     so, VR = VR
* = |VR| 

   VS =|VS|   =|VS|    

 Equation (31) becomes 

  SS = PS + jQS = 
        

 
   δ  

  

 
     

             δ  

             So    PS = 
        

 
   δ……………………...…………….. (32) 

and    Qs=  
    

              

 
………………...………...…..………(33) 

 Similarly, at the receiving end we have 

    SR = PR + j QR = VRI*………………………………. (34) 

 Proceeding as above we finally obtain 

    QR = 
                  

 

 
.................................................. (35) 

     PR = 
        

 
    ……………………………..…….. (36) 

Therefore for lossless transmission line, 

    PS = PR = 
        

 
    ………………………...…….. (37) 

In a similar manner, the equation for steady-state power delivered by a lossless 
synchronous machine is given by 
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    Pe = Pd = 
        

  
     

   =        δ………………………………… (38) 

Where |Eg| is the rms internal voltage, |Vt| is the rms terminal voltage, xd is the 
direct axis reactance (or the synchronous reactance in a round rotor machine) and δ 

is the electrical power angle. 

Steady-state Stability:- 

The steady state stability limit of a particular circuit of a power system defined 
as the maximum power that can be transmitted to the receiving end without loss of 
synchronism. 

Now consider equation (18), 

          
   

   
        ……………………………… (39) 

Where                                     
 

  
 

And     Pe = 
        

  
      =        δ………………………. (40) 

Let the system be operating with steady power transfer of         with torque 
angle  . Assume a small increment ΔP in the electric power with the input from 

the prime mover remaining fixed at    causing the torque angle to change to 
(        . Linearizing the operating point (        we can write 

        
   

  
    …………………………………...… (41) 

The excursions of    are then described by 

    
    

   
                   …………………...….. (42) 

or     
    

   
   

   

  
 
 
    …………………………….. (43) 

or    [Mp2 +  
   

  
 
 
     ……………………..……….. (44) 

Where    p = 
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     The system stability to small changes is determined from the characteristic 
equation 

     Mp2 +  
   

  
 
 
= 0…………………………….. (45) 

Where two roots are         p =   
  
   

  
   

 
 
 

 …………………………….. (46) 

As long as       
  

 

 is positive, the roots are purely imaginary and conjugate 

and system behavior is oscillatory about  . Line resistance and damper windings 
of machine cause the system oscillations to decay. The system is therefore stable 

for a small increment in power so long as      δ
  

 

     

 When      δ
  

 

 is negative, the roots are real, one positive and the other 

negative but of equal magnitude. The torque angle therefore increases without 
bound upon occurrence of a small power increment and the synchronism is soon 

lost. The system is therefore unstable for       δ
  

 

    

 
   

  
    is known as synchronizing coefficient. This is also called stiffness of 

synchronous machine. It is denoted as Sp. This coefficient is given by 

        
   

  
               δ  ………………………… (47) 

If we include damping term in swing equation then equation (43) becomes 

     
    

   
  

   

  
   

   

  
 
 
 δ    

 or                                 
    

   
 

 

 

   

  
  

 

 
 
   

  
 
 
 δ    

or          
    

   
 

   

 

   

  
  

    

 
 δ     

or           
    

   
     

   

  
   

  δ   …………………….. (48) 
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Where                            
    

 
  and   

 

 
 

  

   
…………………………… (49) 

So damped frequency of oscillation,             ……………..……….. (50) 

And                         Time Constant, T = 
 

   
 = 

  

   
…………………………….. (51) 

Example2:- 

Find the maximum steady-state power capability of a system consisting of a 
generator equivalent reactance of 0.4pu connected to an infinite bus through a 
series reactance of 1.0 p.u. The terminal voltage of the generator is held at1.10 p.u. 
and the voltage of the infinite bus is 1.0 p.u.  

Solution:- 

 Equivalent circuit of the system is shown in Fig.4. 

 

(Fig.4 Equivalent circuit of example2) 

                                           δ            ……………………………….. (i) 

      I = 
    

  
 

          

  
        …………………………….. (ii) 

 Using equation (i) and (ii) 

             δ       θ       
          

  
  

      δ         θ         θ         θ      

                                  δ          θ               θ ⁡…………….. (iii) 
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 Maximum steady-state power  apab l ty    rea hed  he  δ   9 ᵒ, i.e., 
real part of equation is zero. Thus 

           θ        

      9  

                9        p   

           9  

      
       

      
 
        

     
       p   

LESSON SUMMARY-4:- 

1. Transient Stability-Equal area criterion 
2. Applications of sudden change in power input 
3. Examples 

Transient Stability-Equal Area Criterion:- 

The transient stability studies involve the determination of whether or not 
synchronism is maintained after the machine has been subjected to severe 
disturbance. This may be sudden application of load, loss of generation, loss of 
large load, or a fault on the system. 

A method known as the equal area criterion can be used for a quick prediction 
of stability. This method is based on the graphical interpretation of the energy 
stored in the rotating mass as an aid to determine if the machine maintains its 
stability after a disturbance. This method is only applicable to a one-machine 
system connected to an infinite bus or a two-machine system. Because it provides 
physical insight to the dynamic behavior of the machine. 

Now consider the swing equation (18), 

                    
   

   
         

or              
   

   
    

or        
   

   
 

  

 
 ………………………………………….. (52) 
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As shown in Fig.5, in an unstable system, δ increases indefinitely with time and 

machine looses synchronism. In a stable system, δ undergoes oscillations, which 

eventually die out due to damping. From Fig.4, it is clear that, for a system to be 

stable, it must be that 
  

  
 = 0 at some instant. This criterion (

  

  
 = 0) can simply be 

obtained from equation (52). 

  

 

(Fig. 5 A plot of δ (t)) 

Multiplying equation (52) by 
   

  
 , we have 

    
   

  

   

   
 

   

 
 
  

  
 ……………………………………. (53) 

This upon integration with respect to time gives 

     
  

  
    

 

 
   dδ
 

  
 ………………………...………. (54) 

Where           = accelerating power and δ  is the initial power angle 

before the rotor begins to swing because of a disturbance. The stability (
  

  
 = 0) 

criterion implies that 

       dδ
 

  
   ………………………………..……… (55) 

For stability, the area under the graph of accelerating power    versus δ must be 

zero for some value of δ; i.e., the positive (accelerating) area under the graph must 

be equal to the negative (decelerating) area. This criterion is therefore know as the 
equal area criterion for stability and is shown in Fig. 6. 
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(Fig.6 Power angle characteristic) 

Application to sudden change in power input:- 

In Fig. 6 point ‘a’ corresponding to the δ  is the initial steady-state operating 
point. At this point, the input power to the machine,       , where     is the 
developed power. When a sudden increase in shaft input power occurs to  , the 
accelerating power  , becomes positive and the rotor moves toward point ‘b’ 

We have assumed that the machine is connected to a large power system so that 
|Vt| does not change and also xd does not change and that a constant field current 
maintains |Eg|. Consequently, the rotor accelerates and power angle begins to 

increase. At point       and δ =δ1. But  
  

  
  is still positive and δ overshoots ‘b’, 

the final steady-state operating point. Now    is negative and δ ultimately reaches a 

maximum value δ2 or point ‘c’ and swing back towards point ‘b’. Therefore the 
rotor settles back to point ‘b’, which is ultimate steady-state operating point. 

In accordance with equation (55) for stability, equal area criterion requires 

    Area A1 = Area A2 

or                  δ dδ            δ     dδ
  
  

  
  

 ………….… (56) 

or                                

                                                   …………………………. (57) 

But                  

Which when substituted in equation (57), we get  

                                                  
                                                                          ………..………….…… (58) 
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On simplification equation (58) becomes 

                             …………….…....... (59) 

Example 3:- 

A synchronous generator, capable of developing 500MW power per phase, 
operates at a power angle of 8ᵒ. By how much can the input shaft power be 
increased suddenly without loss of stability? Assume that Pmax will remain 
constant. 
Solution:- 
          Initially,    = 8ᵒ 
                                     δ           =69.6MW 

 

(Fig. 7 Power angle characteristics) 

Let δm be the power angle to which the rotor can swing before losing 
synchronism. If this angle is exceeded, Pi will again become greater than Pe and the 
rotor will once again be accelerated and synchronism will be lost as shown in Fig. 
7. Therefore, the equal area criterion requires that equation (57) be satisfied with 
δm replacing δ2. 

From Fig. 7 δm = π-δ1. Therefore equation (59) becomes 

                                    
                                   ………………… (i) 

Substituting        = 0.139radian in equation (i) gives 
                      99   …………………………… (ii) 
Solving equation (ii) we get, δ1 = 50ᵒ 
Now               δ                        

Initial power developed by machine was 69.6MW. Hence without loss of 
stability, the system can accommodate a sudden increase of  
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                   9          MW per phase 
                                       = 3x313.42 = 940.3 MW (3-φ) of input shaft power.  
 
LESSON SUMMARY-5:- 
 

1. Critical clearing angle and critical clearing time 
2. Application of equal area criterion 

a) Sudden loss of one parallel line   
 
Critical Clearing Angle and Critical Clearing Time:- 

 
If a fault occurs in a system, δ begins to increase under the influence of 

positive accelerating power, and the system will become unstable if δ becomes 
very large. There is a critical angle within which the fault must  be cleared if 
the system is to remain stable and the equal area criterion is to be satisfied.  
This angle is known as the critical clearing angle. 

 
 

(Fig. 8 Single machine infinite bus system) 
 

Consider a system as shown in Fig. 8 operating with mechanical input    at 
steady angle    .        as shown by point ‘a’ on the power angle diagram as 

shown in Fig. 9. Now if three phase short circuit occur at point F of the outgoing 
radial line , the terminal voltage goes to zero and hence electrical power output of 
the generator instantly reduces to zero i.e.,      and the state point drops to ‘b’. 

The acceleration area A1 starts to increase while the state point moves along b-
c. At time tc corresponding clearing angle δc, the fault is cleared by the opening of 
the line circuit breaker. tc is called clearing time and δc is called clearing  angle. 
After the fault i s  cleared, the system again becomes healthy and transmits 
power Pe = Pmax sinδ, i.e., the state point shifts to‘d’ on the power angle 
curve. The rotor now decelerates and the decelerating area A2 begins to increase 
while the state point moves along d-e. For stability, the clearing a ngle, δc, must 
be such that area A1 = area A2. 
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(Fig. 9    δ characteristics) 

 
Expressing area A1 =Area A2 mathematically we have,  
     

   δ  δ            dδ

  

  

 

                                                   δ  δ            δ  dδ     δ  δ  

  

  

 

                                  δ    δ             δ     δ     δ    δ  
 
                                               δ     δ      δ  δ  …………....……. (60) 
Also                                                    …………………………………. (61) 
Using equation (60) and (61) we get, 

         δ     δ        δ  δ        
                                          δ     δ   δ  δ        …………………… (62) 

Where δ = clearing angle, δ  = initial power angle, and δ  = power angle to 
which the rotor advances (or overshoots) beyond δ   

For a three phase fault with Pe =0, 

      
   

   
 

    

 
 ………………………………………….. (63) 

Integrating equation (63) twice and utilizing the fact that 
  

  
   and t = 0 yields 

                                                     δ   
    

  
t  δ …………………..……… (64) 
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If t  is the clearing time corresponding to a clearing angle δ , then we obtain 
from equation (64), 

δ   
    
  

t 
  δ  

So                                    t    
         

    
…………………………… (65) 

Note that δ  can be obtained from equation (62). As the clearing of faulty line is 
delayed, A1 increases and so does δ to find A2=A1 till δ   δ  as shown in Fig. 
10.  

 

 
 

(Fig. 10 Critical clearing angle) 
For a clearing angle (clearing time) larger than this value, the system would be 

unstable. The maximum allowable value of the clearing angle and clearing time for 
the system to remain stable are known as critical clearing angle and critical 
clearing time respectively. 

From Fig. 10,         . Substituting this in equation (62) we have, 
    δ      δ   δ  δ        

    δ      δ     δ  δ        
    δ         δ       δ        

    δ       δ           δ  
                         δ            δ           δ ……….…...……. (66) 
Using equation (65) critical clearing angle can be obtained as  

                                    t     
          

    
 ……….…………...………. (67) 
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Application of the Equal Area Criterion:- 
 
(1) Sudden Loss of One of parallel Lines:- 
 

Pi Infinite
Bus

|V|∟0ᵒ

 

(a) 

Pi

|V|∟0ᵒ

Switched Off

Eg∟δ
Xd

X1

X2

 

(b) 
(Fig. 11 Single machine tied to infinite bus through two parallel lines) 

Consider a single machine tied to infinite bus through parallel lines as shown in 
Fig. 11(a). The circuit model of the system is given in Fig. 11(b). 

Let us study the transient stability of the system when one of the lines is 
suddenly switched off with the system operating at a steady load. Before switching 
off, power angle curve is given by 

      
        

        
   δ           δ 

Immediately on switching of line 2, power angle curve is given by 

       
        

     
   δ            δ 

In Fig. 12, wherein                as              . The system is 
operating initially with a steady state power transfer        at a torque angle δ  
on curve I. 
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δ0 δ1 δ2 π
δ

 

(Fig. 12 Equal area criterion applied to the opening of one of the two lines in 
parallel) 

On switching off line2, the electrical operating point shifts to curve II (point b). 
Accelerating energy corresponding to area A1is put into rotor followed by 
decelerating energy for δ > δ1. Assuming that an area A2 corresponding to 
decelerating energy (energy out of rotor) can be found such that A1 = A2, the 
system will be stable and will finally operate at c corresponding to a new rotor 
angle is needed to transfer the same steady power. 

If the steady load is increased (line Pi is shifted upwards) a limit is finally 
reached beyond which decelerating area equal to A1 cannot be found and therefore, 
the system behaves as an unstable one. For the limiting case, δ1 has a maximum 
value given by 

δ  δ       δ  
LESSON SUMMARY-6:- 
 

1. Sudden short circuit on one of parallel lines 
a) Short circuit at one end of line 
b) Short circuit at the middle of a line 

2. Example 
 

Sudden Short Circuit on One of Parallel Lines:- 
(1) Short circuit at one end of line:- 

Let us a temporary three phase bolted fault occurs at the sending end of one of 
the line. 
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X1

X2

Xd|Eg|∟δ

Infinite
Bus

|V|∟0 ͦᵒ

Pi

 

(a) 

Xd|Eg|∟δ

Pi

X1

X2

Infinite
Bus

|V|∟0ͦᵒ

(b) 
(Fig.13 Short circuit at one of the line) 

Before the occurrence of a fault, the power angle curve is given by 

    
        

         
   δ          δ 

This is plotted in Fig. 12. 
Upon occurrence of a three-phase fault at the generator end of line 2 , generator 

gets isolated from the power system for purpose of power flow as shown Fig. 13 
(b). Thus during the period the fault lasts. 

       
The rotor therefore accelerates and angles δ increases. Synchronism will be 

lost unless the fault is cleared in time. The circuit breakers at the two ends of the 
faulted line open at time tc (corresponding to angle δc), the clearing time, 
disconnecting the faulted line. The power flow is now restored via the healthy line 
(through higher line reactance X2 in place of (      ), with power angle curve 

     
        

     
   δ            δ 
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(Fig. 14 Equal area criterion applied to the system) 
 

Obviously,              . The rotor now starts decelerate as shown in Fig 14. 
The system will be stable if a decelerating area A2 can be found equal to 
accelerating area A1before δ reaches the maximum allowable value δ   . As area 
A1 depends upon clearing time tc (corresponding to clearing angle   ), clearing 
time must be less than a certain value (critical clearing time) for the system to be 
stable. 

(2) Short circuit at the middle of a line:- 
When fault occur at the middle of a line or away from line ends, there is some 

power flow during the fault through considerably reduced. Circuit model of the 
system during the fault is shown in fig. 15 (a). This circuit reduces to fig. 15 (c) 
through one delta-star and star-delta conversion. 

The power angle curve during fault is given by 

      
       

   
   δ            δ 

Xa
G V

X’d

Xb
X2/2

Xc

X1

X2/2

 

(a) 
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Xa

G V

X’1 Xb

Xc

 

(b) 
 

XII

G V

 
(c) 

(Fig.15 Circuit Model) 

 
     and       as in Fig. 12 and     as obtained above are all plotted in Fig. 16. 
 

 
(Fig. 16 Fault on middle of one line of the system with δc < δcr) 

   
Accelerating area A1 corresponding to a given clearing angle δ  is less in this 

case. Stable system operation is shown in Fig. 16, wherein it is possible to find an 
area A2 equal to A1 forδ  δ   . As the clearing angle δ  is increased, area A1 
increases and to find A2 = A1, δ  increases till it has a valueδ   , the maximum 
allowable for stability. This case of critical clearing angle is shown in Fig. 17. 
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(Fig. 17 Fault on middle on one line of the system) 

Applying equal area criterion to the case of critical clearing angle of Fig. 17, we 
can write 

              δ dδ               δ     dδ

    

   

   

  

 

Where 

                                      δ            
  

       
 ………………..……..…….. (68) 

Integrating we get 

   δ           δ    
               δ    δ     

       

or    δ   δ             δ      δ       δ    δ    
            δ       δ      

   δ   
   δ    δ            δ            δ   

              
 

This critical clearing angle is in radian. The equation modifies as below if the 
angles are in degree 

   δ   

 
   

   δ    δ            δ            δ   

              
 

 
Example 4:- 
Find the critical clearing angle for the system shown in Fig. 18 for a three phase 
fault at point P. The generator is delivering 1.0 pu. Power under prefault 
conditions. 
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|V|=1.0∟0ᵒ

|E|=1.2pu
j0.25

j0.28

j0.14j0.14

j0.15

j0.15

j0.15

j0.15

Infinite
 Bus

j0.15

P

 

(Fig. 18) 
Solution:- 

1. Prefault Operation:- Transfer reactance between generator and infinite bus 
is  

XI = 0.25+0.17 +
              

 
 = 0.71 

     
     

    
   δ     9    δ  

The operating power angle is given by 
       9    δ 

or δ       rad 
2. During Fault:- The positive sequence reactance diagram during fault is 

presented in Fig. 17. 

j0.15

j0.15 j0.15

j0.14 j0.14 j0.15

j0.28

j0.17j0.25

|E|=1.2pu

|V|=1.0∟0ᵒ

 (a)Positive sequence reactance diagram during fault 

j0.0725

j0.145 j0.145 j0.17j0.25

|E|=1.2pu |V|=1.0∟0ᵒ

(b) Network after delta-star conversion 
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XII

|E|=1.2pu |V|=1.0∟0ᵒ

 

(c) Network after star- delta conversion 
(Fig.19) 

Converting delta to star, the reactance network is changed to that Fig. 19 (b). 
Further upon converting star to delta, we obtain the reactance network of Fig. 
19(c). The transfer reactance is given by 

    

                                                  
            

     
 

=2.424 

     
     

     
   δ     9    δ 

3. Post fault operation(faulty line switched off):- 
                                   

       
     

 
   δ        δ 

With reference to Fig. 16 and equation (68), we have 

δ            
 

   
      rad 

To find critical clearing angle, areas A1 and A2 are to be equated. 

       δ              9    δ
   
  

dδ  

And                               δ
    

   
dδ            δ   

Now                                          A1 =A2 

or                               δ             9    δ
   
     

dδ 

=        δ
     

   
dδ        δ   

or                             9    δ       
           δ     

            

or                         9           99              δ         
or                                      δ         
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or                                         δ    9    
LESSON SUMMARY-7:- 

1. Step by step solution of swing equation 
2. Multimachine stability studies 
3. Factors affecting transient stability 

Step by Step Solution of Swing Equation:- 
 
The swing equation is  

                                        
   

   
 

  

 
 

 

 
         δ ………………………… (69) 

Its solution gives a plot of δ versus t. The swing equation indicates that δ starts 
decreasing after reaching maximum value, the system can be assumed to be stable. 
The swing equation is a non-linear equation and a formal solution is not feasible. 
The step by step solution is very simple and common method of solving this 
equation. In this method the change in δ during a small time interval Δt is 

calculated by assuming that the accelerating power    calculated at the beginning 
of the interval is constant from the middle of the preceding interval to the middle 
of the interval being considered. 

Let us consider the nth time interval which begins at t = (n-1) Δt. The angular 

position of the rotor at this instant is δn-1(Fig. 20 c). The accelerating power         

and hence, acceleration αn-1 as calculated at this instant is assumed to be constant 
from t = (n-3/2) Δt to (n-1/2) Δt. 

During this interval the change in rotor speed can be written as  

                         
  

 

 

          
  

 
       ………………………… (70) 

Thus, the speed at the end of nth interval is  
                                 

  
 

 

  
  

 

 

   
  

 

 

…………...……………..… (71) 

Assume the change in speed occur at the middle of one interval, i.e., t=(n-1)Δt 

which is same the same instant for which the acceleration was calculated. Then the 
speed is assumed to remain constant till the middle of the next interval as shown in 
Fig. 18(b). In other words, the speed assumed to be constant at the value  

  
 

 

 

throughout the nth interval from t = (n-1) Δt to t = n Δt. 
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(a) 

 
(b) 

 
(c) 

(Fig. 20 Step by step solution of swing equation) 
 

The change in angular position of rotor during nth time interval is  
                                      

  
 

 

…………………………….……….. (72) 

And the value of δ at the end of nth interval is 

192



                                            ……………………………….…. (73) 
This is shown in Fig. 20 (c). Substituting equation (70) into equation (71) and 

the result in equation (72) leads to 

                                   
  

 

 

 
     

 
       ……………………..... (74) 

By analogy with equation (72) 
                                          

  
 

 

…………………………………. (75) 

Substituting the value of  
  

 

 

 from equation (75) into equation (74) 

                                        
     

 
       …..…………………… (76) 

Equation (76) gives the increment in angle   during any interval (say nth) in 
terms of the increment during (n-1) th interval. 

During the calculations, a special attention has to be paid to the effects of 
discontinuities in the accelerating power    which occur when a fault is applied or 
cleared or when a switching operation takes place. If a discontinuity occurs at the 
beginning of an interval then the average of the values of    before and after the 
discontinuity must be used. Thus, for calculating the increment in   occuring in the 
first interval after a fault is applied at t=0, equation (76) becomes 

                                  
     

 
 
    

 
……………………………………. (77) 

Where     , is the accelerating power immediately after occurrence of the fault. 
Immediately before the occurrence of fault, the system is in steady state with 
       and the previous increment in rotor angle is zero. 

 
Multimachine stability Studies:- 

The equal-area criterion cannot be used directly in systems where three or more 
machines are represented, because the complexity of the numerical computations 
increases with the number of machines considered in a transient stability studies. 
To ease the system complexity of system modeling, and thereby computational 
burden, the following assumptions are commonly made in transient stability 
studies: 

1. The mechanical power input to each machine remains constant. 
2. Damping power is negligible. 
3. Each machine may be represented by a constant transient reactance in series 

with a constant transient internal voltage. 
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4. The mechanical rotor angle of each machine coincides with δ. 
5. All loads may be considered as shunt impedances to ground with values 

determined by conditions prevailing immediately prior to the transient 
conditions. 
The system stability model based on these assumptions is called the classical 
stability model, and studies which use this model are called classical 
stability studies. 

Consequently, in the multi-machine case two preliminary steps are required. 
1. The steady-state prefault conditions for the system are calculated using a 

production-type power flow program. 
2. The prefault network representation is determined and then modified to 

account for the fault and for the postfault conditions. 
The transient internal voltage of each generator is then calculated using the 

equation 
                                                       ……………………………. (80) 

Where Vt is the corresponding terminal voltage and I is the output current. Each 
load is converted into a constant admittance to ground at its bus using the equation 

                                                  
      

    
 ……………………………… (81) 

Where       the load and |VL| is is the magnitude of the corresponding bus 
voltage. The bus admittance matrix which is used for the prefault power-flow 
calculation is now augmented to include the transient reactance of each generator 
and the shunt admittance of each load, as shown in Fig. 21. Note that the injected 
current is zero at all buses except the internal buses of the generators. 

 
(Fig. 21 Augmented network of a power system) 

In the second preliminary step the bus admittance matrix is modified to 
correspond to the faulted and post fault conditions. During and after the fault the 
power flow into the network from each generator is calculated by the 
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corresponding power angle equation. For example, in Fig. 21 the power output of 
generator 1 is given by 

       
  
        

    
 
                     

                                                                          ……...……. (82) 
Where     equals      . Similar equations are written for    and     using 

the     elements of the 3X3 bus admittance matrices appropriate to the fault or 

postfault condition. The     expressions form part of the equations 

                                
   

  

    

   
              i=1, 2, 3…………………… (83) 

Which represent the motion of each rotor during the fault and post fault 
periods. The solutions depend on the location and duration of the fault, and Ybus 
resulting when the faulted line is removed. 

 
Factors Affecting Transient Stability:- 
 

Various methods which improve power system transient stability are 
1. Improved steady-state stability 

a) Higher system voltage levels 
b) Additional transmission line 
c) Smaller transmission line series reactance 
d) Smaller transfer leakage reactance 
e) Series capacitive transmission line compensation 
f) Static var compensators and flexible ac transmission systems 

(FACTs) 
2. High speed fault clearing 
3. High speed reclosuer of circuit breaker 
4. Single pole switching 
5. Large machine inertia, lower transient reactance 
6. Fast responding, high gain exciter 
7. Fast valving 
8. Breaking resistor 
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