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Instructions

This problem set contains questions at various cognitive levels (C1-C6) based on Bloom’s
Taxonomy. Answer all questions to demonstrate your understanding of power system
stability concepts and applications.

e C1 (Remember): Recall facts and basic concepts

e C2 (Understand): Explain ideas or concepts

C3 (Apply): Use information in new situations

C4 (Analyze): Draw connections and distinguish between parts

C5 (Evaluate): Justify decisions or conclusions

C6 (Create): Produce new or original work

1 C1: Remember (Knowledge)

Question 1

What are the three main types of power system stability? Define each type briefly.
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Question 2

Write down the swing equation and identify each term in the equation.

Question 3

What is the equal area criterion used for in power system stability analysis?
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2 C2: Understand (Comprehension)

Question 4

Explain the physical significance of each term in the swing equation M % =P, — P..

Question 5

Describe the difference between transient stability and steady-state stability. Why is
transient stability analysis more critical?

Question 6

Explain the concept of voltage collapse and how it differs from angle instability.
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3 C3: Apply (Application)

Question 7

A synchronous generator has an inertia constant H = 4 MJ/MVA and is rated at 500
MVA. Calculate the inertia constant M in the swing equation in both physical units
(kg'm?) and per unit on a 100 MVA base.

Question 8

A generator is connected to an infinite bus through a transmission line with reactance X
= 0.3 pu. The generator voltage is 1.05 pu and the infinite bus voltage is 1.0 pu. If the
mechanical power input is 0.8 pu, calculate:

a) The maximum power that can be transmitted
b) The initial operating angle

¢) The synchronizing power coefficient at the initial operating point
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4 C4: Analyze (Analysis)

Question 9

Analyze the impact of high renewable energy penetration on power system stability. Con-
sider both the challenges and potential solutions for maintaining stability with increasing
amounts of converter-based generation.

Question 10

In a power system with multiple generators, analyze how a three-phase fault at one bus
affects the rotor angles of other generators. What factors determine the severity of the
impact on each generator?
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5 Cb5: Evaluate (Evaluation)

Question 11

You are given a power system that has experienced oscillations following a disturbance.
Two engineers propose different solutions:

e Engineer A suggests installing Power System Stabilizers (PSS) on all generators
e Engineer B recommends adding FACTS devices for damping

Evaluate both proposals considering effectiveness, cost, and implementation complex-
ity.

Question 12

A utility company is planning to integrate 30% renewable energy into their system. The
system operator suggests implementing fast-acting energy storage to maintain stability.
Evaluate this approach and justify your recommendation with technical and economic
considerations.
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6 C6: Create (Synthesis/Creation)

Question 13

Design a comprehensive stability assessment workflow for a power system with high re-
newable penetration. Your design should include:

e Types of stability analysis required

Critical scenarios to be studied

Time frames for different analyses

Software tools and modeling requirements

Integration with real-time monitoring systems

Question 14

Create a detailed tutorial for implementing a simple transient stability simulation using
MATLAB/Octave for a single machine infinite bus system. Include:

e Mathematical model development

e Numerical integration method selection

Code structure and implementation

Visualization of results

Interpretation of stability margins
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7 Advanced Applications

Question 15: Microgrid Stability

Analyze the stability challenges in a microgrid with high renewable penetration and bidi-
rectional power flow. How do these challenges differ from those in a conventional inter-

connected system?

Question 16: Smart Grid Stability

In a smart grid environment with advanced demand response capabilities, evaluate how
active load management can affect system stability. What are the potential benefits and

risks?
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8 Computational Exercise

Question 17: MATLAB Exercise

Write and implement a MATLAB/Octave program to solve the swing equation numer-
ically using the Euler method for a single machine infinite bus system. The system
parameters are:

o H=15MJ/MVA

P,, = 0.8 pu (constant)

Generator voltage: E = 1.05 pu

Infinite bus voltage: V' = 1.0 pu

Line reactance: X = 0.3 pu

e Fault clearing time: 0.2 seconds

% MATLAB code for swing equation solution

% System parameters

H = 5; % Inertia constant (MJ/MVA)
Pm = 0.8; % Mechanical power input (pu)
E = 1.05; % Generator voltage (pu)
V=1.0; % Infinite bus voltage (pu)

X = 0.3; % Reactance (pu)

% Initialize variables

dt = 0.01; % Time step

t_max = 5.0; % Simulation time
% Add your implementation here

% Solve swing equation numerically
% Plot results

Question 18: Critical Clearing Time Analysis

Using the same system as above, develop an algorithm to determine the critical clearing
time for the three-phase fault. Explain your approach and the significance of the critical
clearing time in system operation.
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9 Case Study

Question 19: Grid Integration Challenge

A 500 MW wind farm is planned to connect to a 230 kV transmission system. The
system currently has three conventional generators of 200 MW each with H = 4 MJ/MVA.
Analyze the stability implications of this integration and propose solutions to maintain
adequate stability margins.

Question 20: Frequency Stability

With the increasing use of converter-based generation, traditional frequency response
characteristics are changing. Design a control strategy for maintaining frequency stability
in a system where 60% of the generation is converter-based.
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10 Bonus Challenge

Bonus Question 1: Virtual Inertia

Explain how virtual inertia can be emulated in converter-based generation and its role in
system stability. Design a simple control algorithm for providing virtual inertia.

Bonus Question 2: Future Grid Stability

As power systems transition toward 100% renewable energy, how do you envision the
stability analysis and control methods evolving? What new challenges and solutions

might emerge?

End of Problem Set

Good luck and enjoy applying stability analysis concepts!
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