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INSTITUTE VISION AND MISSION

VISION:

To produce competent professionals who can contribute to the industry, research and societal benefits with

environment consciousness and ethical values.

MISSION:

M1: Adapt continuous improvements in innovative teaching-learning practices and state-of-the-art infrastructure to

transform students as competent professionals and entrepreneurs in multi-disciplinary fields.

M2: Develop an innovative ecosystem with strong involvement and participation of students and faculty members.

M3: Impart National development spirit among the students to utilize their knowledge and skills for societal benefits

with ethical values.

DEPARTMENT VISION AND MISSION

MISSION:

To be recognized as a centre of excellence by nurturing competent and ethical electrical engineers, fostering
innovation, advanced research and setting global benchmarks in developing sustainable solutions for societal
progress.

MISSION:

Mission 1:

To impart high-quality technical education integrated with rigorous academic learning, while fostering innovation

and creative problem-solving skills in the field of Electrical and Electronics Engineering.
Mission 2:

To promote a strong research culture among students and faculty to develop technologically advanced and cost-

effective sustainable solutions for societal upliftment.
Mission 3:

To actively engage, collaborate, and build partnerships with leading industries, research and cademic institutions to

strengthen technological advancements.



PROGRAM OUTCOMES (PO’S)

Engineering Knowledge:

1 Apply the knowledge of mathematics, science, engineering fundamentals, and an
engineering specialization to the solution of complex engineering problems.
Problem Analysis:

) Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

Design/Development of Solutions:
Design solutions for complex engineering problems and design system components or

3 processes that meet the specified needs with appropriate consideration for the public
health and safety, and the cultural, societal, and environmental considerations.
Conduct Investigations of Complex Problems:

Use research-based knowledge and research methods including design of experiments,

4 analysis and interpretation of data, and synthesis of the information to provide valid
conclusions.

Modern Tool Usage:

S Create, select, and apply appropriate techniques, resources, and modern engineering and
IT tools including prediction and modeling to complex engineering activities with an
understanding of the limitations.

The Engineer and Society:

6 Apply reasoning informed by the contextual knowledge to assess societal, health, safety,
legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

Environment and Sustainability:

7 Understand the impact of the professional engineering solutions in societal and
environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

Ethics:
8 Apply ethical principles and commit to professional ethics and responsibilities and norms
of the engineering practice.
9 Individual and Team Work:
Function effectively as an individual, and as a member or leader in diverse teams, and in
multidisciplinary settings.
Communication:

10 Communicate effectively on complex engineering activities with the engineering

community and with society at large, such as, being able to comprehend and write

effective reports and design documentation, make effective presentations, and give and




receive clear instructions.

Project Management and Finance:

Demonstrate knowledge and understanding of the engineering and management

1 principles and apply these to one’s own work, as a member and leader in a team, to
manage projects and in multidisciplinary environments.
Life-Long Learning:

12 Recognize the need for, and have the preparation and ability to engage in independent

and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSO’S)

PSO1 :(Engineering Knowledge and Analysis): Apply principles of engineering, electronics and computer science;

physics, chemistry, environmental science, mathematics and laboratory skills for analyzing, testing, operation and
maintenance of electrical systems, such as, electrical machines, power and energy systems etc

PSO2:(System Design): Ability to analyze, design, and realize physical systems, components or processes related to
Electrical and Electronics Engineering systems applying the knowledge acquired from Network Theory, Electrical
Machines, Power Systems, Control Systems, Power Electronics and other allied topics.

PSO3:(Application of the knowledge on society/environment): Apply the contextual knowledge of Electrical and
Electronics Engineering to assess societal, environmental, health and safety with professional ethics and function
effectively as an individual or a leader in a team to manage different projects in multidisciplinary environments as the

process of life-long learning.



PROGRAM EDUCATIONAL OBJECTIVES(PEO’S)

(PEO’S)
PEOL1 - Preparation: Graduates excel in higher education and become successful professionals in Electrical

Engineering and its allied domains.

PEOQO2 -Core Competence: Graduates will have a strong foundation in engineering principles, scientific knowledge,
and technical fundamentals, enabling them to address complex challenges in research, industry, higher education
and entrepreneurship through rigorous learning.

PEOQO3- Professionalism & Lifelong Learning: Graduates shall have effective communication, teamwork,
leadership, social responsibility, and ethical values while fostering adaptability and a commitment to lifelong

learning.
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POWER SYSTEM OPERATION AND CONTROL
III Year B.Tech. II-Sem

Course Code Category Hours/ Week Credits Maximum Marks
23EE602 Core L T P 3 CIE SEE | TOTAL
3 0 0 40 60 100
Contact Classes: Tutorial Total Classes:48
48 Classes: 0 Practical Classes: Nil

Pre-requisites: Power System-I, Power System-II
Course Objectives:

e Understand the principles and significance of real power control, emphasizing the importance
of frequency control in power systems.

e Analyze various methods for effective reactive power control in power systems.

e Grasp the concepts of unit commitment, economic load dispatch, and real-time control, highlighting
their importance in power system operation.

Course Outcomes: At the end of the course the student will be able to:

e Understand operation and control of power systems.

e Analyze various functions of EMS functions and stability of machines.
Understand power system deregulation and restructuring

e Analyze whether the machine is in stable or unstable position.
Test the stability of the power system.

UNIT I

Load Flow Studies: Introduction, Bus classification -Nodal admittance matrix - Load flow equations - Iterative
methods - Gauss and Gauss Seidel Methods, Newton-Raphson Method-Fast Decoupled Method-Merits and
demerits of the above methods-System data for load flow study

UNITII

Economic Operation Of Power Systems: Distribution ofload between units within a plant-Transmission loss
as a function of plant generation, Calculation of loss coefficients-Distribution of load between plants.
UNIT III

PF Control: Introduction, load frequency problem-Megawatt frequency (or P-f) control channel, MVAR voltages (or
Q-V) control channel-Dynamic interaction between P-f and Q-V loops. Mathematical model of speed- governing
system-Turbine models, division of power system into control areas, P-f control of single control area (the
uncontrolled and controlled cases)-P-f control of two area systems (the uncontrolled cases and controlled
cases).
UNIT IV Power System Stability: The stability problem-Steady state stability, transient stability and Dynamic
Stability-Swing equation. Equal area criterion of stability-Applications of Equal area criterion, Step by step
solution of swing equation-Factors affecting transient stability, Methods to improve steady state and Transient
stability, Introduction to voltage stability
UNIT-V Computer Control of Power Systems: Need of computer control of power systems. Concept of energy
control centre (or) load dispatch centre and the functions - system monitoring - data acquisition and control. System
hardware configuration - SCADA and EMS functions. Network topology - Importance of Load Forecasting and simple
techniques of forecasting

TEXT BOOKS:

1. C.L.Wadhwa, Electrical Power Systems, 3rd Edn, New Age International Publishing Co., 2001.
2. D.P.Kothariand I.]. Nagrath, Modern Power System Analysis, 4th Edn, Tata McGraw Hill
Education Private Limited 2011.

REFERENCE BOOKS:

1. D.P. Kothari: Modern Power System Analysis-Tata Mc Graw Hill Pub. Co. 2003.
Hadi Sadat: Power System Analysis ~Tata Mc Graw Hill
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Nominal Rolls

S.No Roll Number |Full Name

1 23X01A0201 ANDE JEEVAN REDDY

2 23X01A0202 | BAKKA PRAVEEN KUMAR
3 23X01A0204 | BATIINENI ABHIRAM

4 23X01A0205 | BONTHA JAGADISH

5 23X01A0206 | CHELLA KIRAN KUMAR

6 23X01A0207 | CHIKKUDU ESHWAR

7 23X01A0208 | CHILIVERU VIJAY KUMAR
8 23X01A0209 | CHITEMPALLY THARUN

9 23X01A0210 | DHARAVATH AKHIL

10 23X01A0211 | EMMADI HAR!

11 23X01A0212 | JALLI CHAITANYA

12 23X01A0214 KOMMETA RAMDAS

13 23X01A0215 | KUNCHAM PRANITH

14 23X01A0216 | MADIREDDY DEEKSHITHA REDDY
15 23X01A0219 | MORALA SAIKIRAN

16 23X01A0221 | NAYENI ARAVIND

17 23X01A0222 | PICHUKULA VARSHINI

18 23X01A0223 | PILLY RAKESH

19 23X01A0224 | PUTIALA UDAY KIRAN

20 23X01A0225 | RAIPALLY PRANAY

21 23X01A0226 | REDDY MANOHAR

22 23X01A0227 | SUDAY

23 23X01A0228 | SAMALA SIDDARTHA

24 23X01A0229 | SIGINAM PRAGATH

25 23X01A0230 | SONAPURAM PRAVEENKUMAR
26 23X01A0231 | VASISANDHYA RANI

27 24X05A0201 | ALLE NITHISH KUMAR

28 24X05A0202 | CHEKOLEKAR AKASH

29 24X05A0203 | CHINNOLLA SHIVA RAJ
30 24X05A0204 JATOTHU SRIKANTH

31 24X05A0205 | MALYALA NITHISH

32 24X05A0206 | MOOD NIKHITHA

33 24X05A0207

RAJARAPU TEJA




Time table




Individual Time table

FACULTY NAME: MrK.CHAITANYA IV YEAR CLASS INCHARGE

Day/Time 9:30 to 10:30 to 11:30 to
10:30 11:30 12:30

Mon

Tue PSOC
Wed EM PSOC

Thu EM PSOC

Fri

Sat EM PSOC

maZar

1:20 to 2:10to | 3:00 to
2:10 3:00 3:50
PSOC
PS
LAB
PSOC
EM
CS Lab
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LESSON PLAN

Branch: EEE Year: 111 Semester:II Section: A Academic Year: 2025-2026
Subject: POWERSYSTEM OPERATION&CONTROL

Name of the faculty: K.CHAITANYA

Date
S. No. (As per
Academic
calendar)

Remarks
Topics to be covered

1. 8/12/2025 UNIT - 1I: LOAD FLOW STUDIESS

8/12/2025 Introduction

3. 9/712/2025 Types of buses

10/12/2025 Static load flow equations

13/12/25 Formation of ybus from load flow equations

15/12/2025  |Formation of bus im pedance matrices

17/12/2025 numericals

4
5
6
7. 16/12/2025 Gauss seidel iterative method
8
9

17/12/2025  Newton Raphson method,numericals

10. |18/12/2025  |Fast decoupled method

11. 20/12/2025 derivation

12. 22/12/2025 Problems, merits and de-merits of fast decoupled
methods.
B bajnonops DN

Economic operation of power systems

14. P4/12/2025 introduction

15. [27/12/2025 Distribution of load between units within a plant

16. 29/12/2025 Transmission loss as a function of plant generation

17. 30/12/2025 Calculation of loss coefficients

31/12/2025 Numericals

18 |1-1-2026 UNIT - 111

Pf control

19 B3/1/2026 Introduction

20 [5-1-2026 , load frequency problem-Megawatt frequency (or P-f)
control channel

21  6/1/2026 MVAR voltages (or Q-V) control channel-Dynamic
interaction between P-f and Q-V loops.

22 177172026 . Mathematical model of speed- governing system

23 18/1/2026 Turbine models




24 19/1/2026

division of power system into control areas

25 |10/1/2026

p-f control of single area system

26 |19/1/2026

p-f control of two area system

27 20/1/2026 numericals

28  [21/1/2026 numericals

29 [22/1/2026 numericals

30 24/1/2026 UNIT-IV POWER SYSTEM STABILITY
31 [27/1/2026 introduction

32 28/1/2026 The stability problem

33 [29/1/2026

Steady state stability

34 30/1/2026

Transient state stability

35 [31/1/2026

Dynamic stability

36 2/2/2026

Swing equation

37 [3/2/2026

Equal area criteria

38 14/2/2026

Applications of equal area criteria

39 15/2/2026

Step-by-step solution of swing equation

40

Factors effecting on stability,numericals,voltage

6/2/2026 stability
41 UNIT -V

7/2/2026 Computer control of power system
42 116/2/2026 introduction

43 17/2/2026

Need of computer control of power systems

44 21/2/2026

Importance of ecs system

45 123/2/2026

Concept of load dispatch centre

46 11/3/2026

Functions of EHS

47

system monitoring - data acquisition and control.

2/3/2026
System
48  14/3/2026 hardware configuration - SCADA and EMS functions
49
6/3/2026 N_etwork top(_)logy - Importan_ce of Load Forecasting and
simple techniques of forecasting
50
7/3/2026 Importance of Load Forecasting and simple techniques

of forecasting

51 B/3/2026

Numericals

Course Instructor

Head of the Dept.

Principal




Optimizing System Efficiency

Minimizing losses: Power systems inevitably experience losses due to resistance in
transmission lines and equipment. Load flow studies help calculate these losses, allowing
engineers to identify areas where losses can be reduced through techniques like reactive
power compensation or network reconfiguration.

Improving economic operation: By optimizing power flow and minimizing losses, load
flow studies contribute to the economic operation of the power system, reducing
generation costs and improving overall efficiency.

Why are Load Flow Studies Important?

Planning: Load flow studies are essential for planning future expansions or
medifications to the power system. They help engineers determine the best locations for
new generation, transmission lines, and substations.

Operation: During day-to-day operation, load flow studies help ensure the system is
operating within safe limits. They can be used to optimize generator output, adjust
transformer tap settings, and manage reactive power flow.

Security assessment: Load flow studies are used to assess the impact of potential
contingencies (e.g., the outage of a transmission line or generator) on the system's
stability and reliability.

Equipment selection: The results of load flow studies inform the selection of appropriate
equipment ratings and characteristics for new installations.

load flow studies are indispensable for:

Safe operation: Preventing voltage problems and equipment overloads.

Reliable supply: Ensuring continuous power delivery even during contingencies.
Efficient operation: Minimizing losses and optimizing resource utilization.
Future planning: Guiding system expansion and development.

Without load flow studies, power systems would be vulnerable to a wide range of problems,
potentially leading to instability, blackouts, and economic losses.

How Load Flow Studies Are Performed

(¥

System Modeling: A detailed mathematical model of the power system is created,
including transmission lines, transformers, generators, loads, and their electrical
characteristics.

Data Collection: Data on loads, generation, and system configuration are gathered.
Solution Methods: Numerical techniques (like the Gauss-Seidel or Newton-Raphson
methods) are used to solve the power flow equations.

Analysis: The results are analyzed to identify potential problems, such as voltage
violations, overloads, or excessive losses.




the typical steps involved in a power flow (load flow) study:
1. Data Collection and Preparation

« System Data: This is the foundation of the study. It includes:

o Network Topology: A detailed description of how all the components (buses,
transmission lines, transformers, generators, loads) are connected. This is often
represented by a one-line diagram or single line diagram

o Electrical Parameters: Impedances of transmission lines and transformers,
generator characteristics (reactive power capabilities, voltage control settings),
load characteristics (power factor, voltage dependence), ete.

o Load Data: Real and reactive power demand at each load bus. This data can be
based on historical records, forecasts, or real-time measurements.

o Generation Data: Real and reactive power output of generators, along with their
voltage control settings.

+ Software Selection: Power flow studies are usually performed using specialized software
tools (e.g., ETAP, PSS/E, PowerFactory). The software helps manage the complex
calculations and provides a user-friendly interface for analysis.

2. System Modeling

e Creating the Network Model: The collected data is used to create a mathematical model
of the power system within the chosen software. This involves representing each
component (lines, transformers, generators, loads) with its appropriate electrical model.

+ Bus Classification: Buses (connection points) in the system are classified into three
types:

o PQ Buses (Load Buses): Real and reactive power are specified. Voltage
magnitude and angle are to be determined.

o PV Buses (Generator Buses): Real power and voltage magnitude are specified.
Reactive power and voltage angle are to be determined.

o Slack Bus (Swing Bus): Voltage magnitude and angle are fixed. This bus serves
as a reference point for the system and balances any mismatch between generation
and load.

3. Formulation of Power Flow Equations

» Nodal Equations: The power flow problem is formulated as a set of non-linear algebraic
equations based on Kirchhoff's laws and the power balance equations at each bus. These
equations relate the bus voltages, power flows, and network parameters.

4. Solution of Power Flow Equations

» Numerical Methods: Because the power flow equations are non-linear, they are solved
using iterative numerical techniques. Common methods include:
o Gauss-Seidel Method: A relatively simple iterative method, but it can be slow to
converge for large systems.



o

Newton-Raphson Method: A more sophisticated method that converges faster
than Gauss-Seidel, but requires more computational resources.

o Fast Decoupled Method: An approximation of the Newton-Raphson method that
is even faster, particularly for large systems.

5. Analysis of Results

Voltage Profile: The software calculates the voltage magnitude and angle at each bus.
This is crucial for ensuring voltages are within acceptable limits.

Power Flows: The real and reactive power flow through each transmission line and
transformer is determined. This helps identify-potential overloads.

Losses: The real and reactive power losses in the system are calculated, allowing for
efficiency analysis.

Equipment Loading: The loading of each piece of equipment is assessed to ensure it's
operating within its thermal limits.

6. Interpretation and Recommendations

Identify Problems: Based on the results, engineers identify any potential problems, such
as voltage violations, overloads, or excessive losses.

Develop Solutions: If problems are identified, they develop solutions, such as adjusting
generator output, changing transformer tap settings, or reconfiguring the network.
Documentation: The results of the load flow study, along with any recommendations,
are documented in a comprehensive report.

Important Notes:

Iterative Process: The solution of power flow equations is iterative. The numerical
methods start with initial guesses for the unknown variables and then refine these guesses
until a converged solution is reached.

Convergence: The convergence of the numerical method is important. A non-converging
solution indicates that there might be problems with the system model or input data.
Software Tools: Modern power flow studies rely heavily on specialized software tools
that automate the process and provide advanced analysis capabilities.

Summary:

1. Representation of power system network by single line diagram
2. Obtain the impedance diagram

3. Obtaining the non linear algebraic power flow equations

4. Solving of non linear equation by using Iterative methods.




At every busbar (substation) or node containing four parameters P,Q,|V|,|8].out of thes four
parameters,2 parameters are known and other 2 parameters are to be calculated using Numerical methods

o Gauss-Seidel Method: A relatively simple iterative method, but it can be slow to
converge for large systems.

5 Newton-Raphson Method: A more sophisticated method that converges faster
than Gauss-Seidel, but requires more computational resources.

o Fast Decoupled Method: An approximation of the Newton-Raphson method that
is even faster, particularly for large systems.

In load flow (power flow) studies, buses represent nodes in an electrical power system where
power generation, consumption, or transmission occurs. There are three main types of buses:

1. PQ (Load) Bus

» Represents loads (power consumption points).

» Given: Real power (P) and reactive power (Q) (demand values).

« Unknown: Voltage magnitude (|V|) and phase angle ().

» Example: A substation supplying loads or a customer connection point.

2. PV (Generator) Bus or Voltage controlled bus

+ Associated with power generation sources (like generators).
» Given: Real power (P) and voltage magnitude (|V|).

o Unknown: Reactive power (Q) and phase angle (8).

» The generator adjusts reactive power to maintain voltage.

» Example: A bus with a generator regulating voltage.

3. Slack (Swing) Bus or Reference Bus

e One per system (usually).

« Maintains system voltage and supplies/extracts excess real and reactive power to balance
the power flow equations.

« Given: Voltage magnitude (|V|) and phase angle (0).

¢ Unknown: Real power (P) and reactive power (Q).

« Example: A large generator or substation.

« {one of the generator bus is made to take the additional real and reactive power to supply

transmission losses) Summary Table

' SNO |  Bus Typ? Known Values Unknown Values

1 Slack Bus |V1,|9] P,Q

2 PV Bus P,|V| Q, 13|
3 | PQBus | PQ | VLB |
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the correction in voltage at each bus is accelerated, by multiplying with a constant a,
called the acceleration factor. In the (k+1)® iteration we can let

v!**"accelerate d) = V*' + o (V‘“’” - V,‘“) (24)
where o is a real number. When a =1, the value of V""" is the computed value. If

1 < « < 2, then the value computed is extrapolated. Generally a is taken between 1.2
to 1.6, for GS load flow procedure. At PQ buses (pure load buses) if the voliage
magnitude violates the limit, it simply means that the specified reactive power

demand cannot be supplied, with the voltage maintained within accepta'ble limits.

Examples on GS load flow analvsis:

Example-1: Obtain the voltage at bus 2 for the simple system shown in Fig 2, using
the Gauss-Seidel method, if Vi =120 pu.

SG1 J_s—j 1.0
@i ﬁ@

Sp2=0.5+j1

Fig : System of Example 1
Solution:
Here the capacitor at bus 2, injects a reactive power of 1.0 pu. The complex power
injection at bus 2 is
=j1.0-(0.5+) 1.0) =~ 0.5 pu.
Vi=12£0°

2.2
Ynus—[ ]
20 /2

ppren e | B8y
A (710 S

Since V| is specified it is a constant through all the iterations. Let the initial voltage at

bus2, VY =1+j0.0=120"pu.



pia ! ['0‘5 —(j2x1£0°)}

-j2i1£0°
= 1.0 -j0.25 = 1.030776 £ - 14.036°
yi = 05 _(j2x1.20°)]
P - j2[1.030776£14.036 |

=0.94118 - j 0.23529 =0.970145 £-14.036"

pp =] [ —0.5 —(jzxuo“)]

- 7210.970145214.036°
=0.9375 - j 0.249999 =0.970261 £ -14.931"

v =t [ ~0 —(jzxuo“)J

- 21 0.970261£14.931°

=0.933612 - j 0.248963 = 0.966237 £-14.931°

yp =t [ ~0.3 —(jzxuo")]

* T~ 72]0.966237.214.931°
=0.933335-j0.25 =0.966237 £—14.995°

Since the difference in the voltage magnitudes is less than 10 pu, the iterations can

be stopped. To compute line flow

V, -V, 1£0° - 0.966237 £ —14.995°

Iy =
Bz, j0.5

=0.517472 £~14.931°
S, =V, =1£0"x 0517472 £ 14.931°
=0.5+j 0.133329 pu

;oYW 0.966237£-14.995° -1£0°
R j0.5

=0.517472 £-194.93"
S, =V, I, =-05+j0.0pu

The total loss in the line is given by
Si2+ Sz = j 0.133329 pu

Obviously, it is observed that there is no real power loss, since the line has no

resistance.
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Example-2:
For the power system shown in fig. below, with the data as given in tables below,

obtain the bus voltages at the end of first iteration, by applying GS method.

R
2

—

Power System of Example 2

Line data of example 2

R X B,
SBIEB o | u | 2
1 2 10.10 040 =
1 4 |0.150.60 -
1 5 10.051020 =
2 3 10.05| 020 -
) 4 | 0.10 | 040 -
3 5 1005|020 =

Bus data of example 2

Bus No. Pg QG Pp Qp |VS.P| 5
(pu) | (pw) | (pu} | (W) | (pu)

1 o | =S w1025 10°

2 - | - Joe0]030] - -

3 0] - [ -1 - ]104]-

4 - [ - Jod0]or0] - |-

5 - | - Joe0]020] - |-

Solution: In this example, we have,
e Bus | is slack bus, Bus 2, 4, 5 are PQ buses, and Bus 3 is PV bus
s The lines do not have half line charging admittances

P, +jQ2 =Pg: +jQq2 — (Pp2 +jQp2) = 0.6 — j0.3

14




P3 +jQs = Pg3 +jQag3 — (Pps + jQp3) = 1.0 + jQga
Similarly Py +jQs = - 0.4 -j0.1,

The Yuus formed by the rule of inspection is given by:

Yl:nur» =

The voltages at all PQ buses are assumed to be equal to 1+j0.0 pu. The slack bus

Ps +jQs =~ 0.6 — 0.2

2.15685 | -0.58823 | 0.0+j0.0 | -0.39215 | -1.17647

-i8.62744 | +j2.35294 +i1.56862 | +i4.70588

-0.58823 | 2.35293 | -1.17647 | -0.58823 | 0.0+j0.0

+i2.35294 | -}9.41176 | +j4.70588 | +i2.35294

0.0+j0.0 | -1.17647 | 2.35294 | 0.0+j0.0 | -1.17647
+i4.70588 | -i9.41176 +i4.70588

-0.39215 | -0.58823 | 0.0+j0.0 | 0.98038 | 0.0+0.0

+1.56862 | +i2.35294 -i3.92156

-1.17647 | 0.0+j0.0 | -1.17647 | 0.0+0.0 | 2.35294

+i4.70588 +i4.70588 -9.41176

voltage is taken to be ¥,” = 1.02+j0.0 in all iterations.

1
Yy

—{(-1.17647 + j4.70588)x 1.04.20° | - {-0.58823 + j2.35294) x 1.0.20" }

- j%
vy

Vl __l__ 132
: YIZ

~0.6 + j0.3
1.0 - j0.0

= 0.98140 £ -3.0665° = 0.97999 —j0.0525

Bus 3 is a PV bus. Hence, we must first calculate Q3. This can be done as under:

Q3= V3| |V|| (G3I sind,, - B,, COSSM)"' |V.1| (GJ: sind;, — B;, 005533)

v

_Yzl VID_YE.% Vau_Yz-: V-tu _st Vs0

— {(-0.58823 + j2.35204) x 1.02.20°}

+ |V3 (Gas sind,, — B,,cosd,, ) +|V3| |V-|| (GJ-I sind,, — B,, COSSH)

+ |V:~l| EV5| (Gss Sin835 = Bs.s COSSH)

We note that §; = 0% 8., = -3.0665";

o831 = 833 = 834 = 835 = 0° (i = & — &);

63 = 00; 84 ={)°
532 = 3.0665°

and 8;=0°

Q3 =1.04[1.02 (0.0+j0.0) + 0.9814 {-1.17647 x sin(3.0665") — 4.70588

xcos(3.0665°)}+1.04{-9.41176 xcos(0°)}+1.0 {0.0 + j0.0}+1.0{-4.70588xc0s(0%)}]

3

l'/l =___1__[})3 _jQ\ _
¥y

et
8

=1.04 [-4.6735 + 9.78823 - 4.70588] = 0.425204 pu.

Ysl le - YJ! Vzl - Ym V-:o _YJS VSD:|




_ [1.0— Jj0.425204
Y

~1.7647 + j4.70588) x (0.98140£ —3.0665”
1.04 - j0.0 ( i )x( )}

~{~1.17647 + j4.70588)x (1£0°)}]
= 1.05569 £3.077° = 1.0541 + j0.05666 pu.

Since it is a PV bus, the voltage magnitude is adjusted to specified value and V] is

computed as: ¥, =1.04 £3.077°pu

VJ' =YL[§L&_KI V=Y, V; -Y, V;' —Y Vso]
L]

=812 [M ~{~0.39215 + j1.56862) x 1.02.£0°}
Y, | 1.0- /00

~{~0.58823 + j2.35294)x(0.98140.£ - 3.0665°)} |

_0.45293 — j3.8366

=0.955715 £-7.303° pu= 0.94796- j0.12149
0.98038 — j3.92156

vy = YL[PS;—;:QS_Ysl Ve=YaVy -Yy ¥y =¥, V4I]
55 5

=L|:—0.6+j0.2
Yy

S22 _{-1.17647 + j4.70588)x 1.02.£0° }
1.0 - /0.0

—{~1.17647 + j4.70588)x 1.0423.077°}|
= 0.994618 £~1.56° = 0.994249 — j0.027

Thus at end of 1* iteration, we have,

V,=1.0220"pu V. =0.98140 £-3.066° pu
V3 =1.04 £3.077" pu V4 =0.955715 £-7.303° pu
and Vs =0.994618 £ -1.56° pu

Example-3:
Obtain the load flow solution at the end of first iteration of the system with data as
given below. The solution is to be obtained for the following cases
(i} All buses except bus | are PQ Buses
(ii) Bus 2 is a PV bus whose voltage magnitude is specified as 1.04 pu
(iii) Bus 2 is PV bus, with voltage magnitude specified as 1.04 and 0.2550,<1.0
pu.




Fig. System for Example 3

Table: Line data of example 3

R X
SB | BB | ow) | u
I 2 0.05 0.15
1 3 0.10 0.30
2 3 0.15 0.45
2 4 0.10 0.30
3 4 0.05 0.15

Table: Bus data of example 3

PI. Qi vl
BusNo. 1 o) | pw
1 - - 1.04 £ ¢’
2 05 | —02 -
3 —1.0 0.5 -
4 | -03 | -01 -

Solution: Note that the data is directly in terms of injected powers at the buses. The

bus admittance matrix is formed by inspection as under:

30-i90 | -20+j6.0 | —-1.0+j3.0 0
-2.0+6.0 | 3.666 —j11.0 | —0.666+2.0 | —1.0+j3.0
-1.0+73.0 | -0.666 +j2.0 | 3.666 —i11.0 | -2.0 +i6.0

0 -1.0+3.0 -20+j6.0 | 3.0-j9.0

Yeus =

Case(i): All buses except bus 1 are PQ Buses

Assume all initial voltages to be 1.0 2 0° pu.

1 [P - jo, . '
A ZE[T-—_}GI W=Yu Wy =Y, V:)J

17



_ 1 [0-5 *702 {20+ j6.0)x(1.0420°)

Y, | 1.0- 400

~{~0.666 + j2.0)x (1.0£0° )} - {~1.0+ j3.0)x(1.020° )}
=1.02014 £ 2.605°

V;____}}_[%_YM W=ty Vzl_Yn V40:|
» 3

1 [-1.0- /05 ) ;
= | T2 K0+ j3.0)x (1.0420.0
}’33[ 1.0 - jO.0 1.0+ j3.0)x )

~{~0.666 + j2.0)x (1.02014£2.605°)} - {~2.0 + j6.0)x (1.0.£0° )|
= 1.03108 £ 4.831°

1 | P -] o
V.|I=Y—["T,,{Qi"y4| W =Yg V;_Y«L’: V3l:|
- +4

_ 1 [03+01 ¢ _ )
Y, [1__.0- 700 {-1.0+ j3.0)x(1.0201422.605° )}

—{(-2.0 + j6.0)x(1.03108£ - 4.831°)}|
=1.02467 £-0.51°

Hence
v =1.04 2£0°pu V! =1.02014 £2.605° pu
V) =1.03108 £-4.831° pu V! =1.02467 £-0.51° pu

Case(ii): Bus 2 is a PV bus whose voltage magnitude is specified as 1.04 pu
We first compute Q;.

Q= |V3|[|V,| (Gay sind,, — By cosdy ) + V| (Gyy 5ind., — By cosdyy )

+ |Va| (st sind,, — By COSS:}) + |V4| (Gz4 sind,, - B, 005824)]

=1.04 [1.04 {-6.0} + 1.04 {11.0}+1.0{~ 2.0} + 1.0 {~3.0}= 0.208 pu.

v, = ~{-2.0+ j6.0)x(1.0420°))

| [0.5 — j0.208
Y, | 1.0420°
~{~0.666 + j2.0)x (1.020° } - {~1.0 + j3.0)x(1.020° )}
= 1.051288 + j0.033883
The voltage magnitude is adjusted to 1.04. Hence ¥, =1.04 £ 1.846°

18




v = Y'_ [Lll-:((.’);é:(’)'f))_'s ~{~1.0+ j3.0)x (1.0420.0"))
33 *

—{(-0.666 + j2.0)x (1.04.21.846")} - {-2.0 + j6.0) x (1.0 20° J|
= 1.035587 £ 4.951° pu.

pro= ! [0'3—"'10—'1—{(—1.0+j3.0)x(1.04,£1.846”)}

Yy, 0= 00
~{-2.0 + j6.0)x(1.0355872 - 4.951°)}]
=0.9985 £ -0.178°
Hence at end of 1* iteration we have:
V! =1.04 £0°pu V) =1.04 £1.846° pu
v} =1.035587 £-4.951 pu V! =0.9985 2£-0.178" pu
Case (iii):Bus 2 is PV bus, with voltage magnitude specified as 1.04 & 0.25=Q,=<1 pu.
If 0.25 < Q2 < 1.0 pu then the computed value of Q> = 0.208 is less than the lower
limit. Hence, Q; is set equal to 0.25 pu. Iterations are carried out with this value of Q..
The voltage magnitude at bus 2 can no longer be maintained at 1.04. Hence, there is
no necessity to adjust for the voltage magnitude. Proceeding as before we obtain at

the end of first iteration,

V' =104 £0"pu V! =1.05645 £1.849° pu
V) =1.038546 £-4.933" pu V! =1.081446 £ 4.896° pu

Limitations of GS load flow analysis:

GS method is very useful for very small systems. It is easily adoptable, it can be
generalized and it is very efficient for systems having less number of buses.
However, GS LFA fails to converge in systems with one or more of the features as
under:

* Systems having large number of radial lines

+ Systems with short and long lines terminating on the same bus

» Systems having negative values of transfer admittances

» Systems with heavily loaded lines, etc.

GS method successfully converges in the absence of the above problems. However,
convergence also depends on various other set of factors such as: selection of slack
bus, initial solution, acceleration factor, tolerance limit, level of accuracy of results
needed, type and quality of computer/ software used, etc.
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