11
1.2
1.3

2.1
2.2
2.3
2.4
2.5
2.6

3.1
3.2
3.3
3.4
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11

TABLE OF CONTENTS

List of Problems
List of Symbols

INTRODUCTION

Scope

Conversion of Equations from Sl to PU form
Linearization of Equations

SYNCHRONOUS MACHINE EQUATIONS
Voltage Equations in Phase (a-b-c) Quantities
Transformation to D-Q-O Quantities

Inclusion of Damper Windings

Steady State Representation

Transient Representation

Determination of Initial Conditions

References

Problems

SYNCHRONOUS MACHINE EQUIVALENT CIRCUITS
Hypothetical Equivalent Circuit from D-Q-O Equations
Steady State Equivalent Circuits

Transient Equivalent Circuits

Subtransient Equivalent Circuits

Pseudo-Dynamic Analysis

Development of Electric Circuits from Magnetic Circuits
References

Problems

BASIC POWER SYSTEM MODELING
System Model Structure
Additional Generator Equations
The Shaft Torque Balance
Acceleration Torque

Damping Torque

Electrical (Output) Torque
Mechanical (Input) Torque

The Shaft Equation

Network Equations

Load Models

Combining Equations
References

Problems

1-1
1-1
1-2
1-4

2-2
2-4

2-10
2-14
2-17
2-18
2-19

3-1
3-2
3-3
3-5
3-6
3-7
3-8
3-11
3-11

4-1
4-3

4-6
4-8

4-14
4-14
4-16
4-18
4-19
4-24
4-25



5.1
5.2
5.3
5.4
5.5
5.6

6.1
6.2
6.3
6.4
6.5

7.1
7.2
7.3
7.4
7.5
7.6

8.1
8.2
8.3

DYNAMIC SYSTEM ANALYSIS

Second Order Systems

State Space Representation

General Form of the State Space Formulation
Cannonical Form of the A Matrix

Modal Analysis of Response

Eigenvalue Sensitivities

References

Problems

SYSTEM MATRIX TECHNIQUES
State Space Formulation

Ordering of Vectors

Selective Partitioning

State Matrix Derivatives
Eigenvalue Sensitivity Computation
References

Problems

EXCITATION AND STABILIZER SYSTEMS
DC Generator Exciter

Static Exciter

Rotating Rectifier Exciter

Stabilizing Signals

Static Exciter with Speed Stabilizing

State Space Formulation of Equations
References

Problems

GOVERNOR, TURBINE AND SHAFT SYSTEMS

Hydraulic Governor-Turbine Units
Thermal Governor-Turbine Units
Shaft System Dynamics
References

Problems

5-1
5-1

5-6
5-7

5-11
5-12
5-13

6-1

6-2
6-4
6-8
6-10
6-11
6-12

7-1
7-2

7-4
7-5

7-6
7-10
7-11

8-1
8-2
8-4
8-5

8-10
8-11



9.1
9.2
9.3
9.4
9.5

10

10.1
10.2
10.3
10.4

11

111
11.2
11.3
11.4

12

MODEL REDUCTION

The Order Reduction Problem

State Aggregation Method

Singular Perturbation Method

Application to Engineering Systems

Physical Interpretation of State Variable Constraints
References

Problems

TORQUE COMPONENT ANALYSIS

The Model of deMello and Concordia

Torque Components in the Fixed Flux Model

Torque Components in the deMello and Concordia Model
Computation of Damping and Synchronizing Torque Coefficients
References

Problems

INDUCTION MOTOR MODELING

A 3rd Order Induction Motor Model

A Radially Connected Group of Induction Motors
An Aggregate Load Model

Validation by Transient Simulation

References

Problems

MULTI-MACHINE SYSTEMS
(to be developed)

File contents.wpd Alden 25 January 2000

9-1
9-1

9-2
9-3
9-5
9-6
9-7

10-1
10-1
10-2
10-3
10-7
10-11
10-12

11-1
11-1
11-5
11-8
11-12
11-15
11-16



