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 A ONE-DAY WORKSHOP ON SMALL 
SIGNAL STABILITY AND 

OSCILLATION DAMPING CONTROL 

The aim of the course is to provide the basic 
theoretical and practical knowledge on small-signal 
stability and oscillation damping control of power 
systems. Poorly damped electromechanical 
oscillations occur spontaneously following gradual 
generation/load increases or after sudden system 
changes such as the tripping of a line. If the damping 
is not sufficient, the system may end up with a split or 
a breakdown. In the Nordic power system it is the 
damping that sets the limits for power transfer in 
certain power flow situations. 
 
OUTLINE OF THE COURSE 
 
1. Power System Modeling 

• Power System Modeling for Stability Analysis 
• Linear Model of Synchronous Generator and 

Controllers 
• State Space Modeling of Linear Systems 
• Descriptor (Algebraic-Differential) Models 
 

2. Modal Analysis 
• Modal Analysis of Power Systems 
• Modal Analysis for Control 
• Sparse Eigensolution Methods 
• Transfer Function Dominant Pole Algorithms 
 

3. Feedback Control Systems 
• The Hephron-Phillips Generator Model 
• The Torque-Angle and Excitation Control Loops 
• Frequency Domain Analysis 
• Synchronizing and Damping Torque Concepts-I 
• Using Nyquist and Bode Plots for Design 
• Pre- and Post-Controllers to Damp Oscillations 
 
 
 

 
4. Alternative Methods for Tuning Power System 

Stabilizers 
• Synchronizing and Damping Torque Concepts-II 
• GEP Method (simulations and field tests) 
• Frequency Response ofExciter Reference Voltage to 

Generator Rotor Speed 
• Transfer Function Residues (Departure Angle of Root 

Locus) 
• Pole Location Method 
 

5. Adverse Impacts of Stabilizers (PSSs) 
• PSS Derived from Terminal Power Signal 
• PSS Derived from Rotor Speed Signal 
• PSS Derived from Integral of Accelerating Power 

Signal 
• PSS Adverse Impacts on Intra-Plant Modes 
• Testing the Robustness ofAVR and PSS Designs 
• Comparing Field Tests with Simulations 
 

6. FACTS and HVDC Controls with Multiple 
Functionalities 
• The SVC Test System 
• The TCSC Test System 
• The HVDC Test System 
 

7. Inter-Area Oscillations in Large Power Systems 
• Major Oscillation Events 
• The Decentralized Control Problem 
• Mode Shapes, Participations and Residue Ranking 

Methods 
• Validation Tests for Generator Models with 

Associated Controls 
• Factors that Impact Simulation Results of Inter-area 

Oscillation 
 

8. Damping Coordinated Tuning of PSSs for Single and 
Multiple Operating Scenarios 
• Problem Statement 
• Results for Brazilian System, one scenario 
• Results for Brazilian System, 11 scenarios 
 
 

 
9. Practical Engineering Studies for Damping Inter-

Area Oscillations in Large Systems 
• Argentina 
• NORDEL 
• Brazil (North-South Oscillations and the Existing 

TCSC Damping Controllers) 
• Europe & Eastern USA 
• Peru & Mexico 
• Small Signal Simulations Validated against Field 

Tests and Nonlinear Time-Domain 
 

10. Simulators 
• Comparing Performance and Robustness of 

Alternative POD Signals with Multiple Methods, 
including Nonlinear Time-Domain Simulations 

 
11. Advanced Methods for Enhanced Damping Control 

Analysis & Synthesis 
• Modal Equivalents of SISO Transfer Functions 
• Modal Equivalents of MIMO Transfer Functions 
• Balanced Model Reduction of MIMO Transfer 

Functions 
• Practical Use of Transfer Function Zeros 
• Multi-parameter Root Locus Plots 
• Hopf Bifurcation Methods 
• System Identification Methods 
• Optimal and Robust Control Techniques 
 

12. Sub-Synchronous Resonance 
• Problem Statement 
• First Benchmark System 
• Results and Comparison with PSCAD Simulations 
• Other Higher Frequency Phenomena of Interest 
 

13. Recent Results and Ongoing HKPolyU R&D on 
Coordinated Damping Control Design 

• Probabilistic Theory Applications in Eigenvalue 
Analysis and Damping Control Design 

• Advanced Optimization Techniques for Control 
Coordination 


