subsynchronous resonance in power systems

Subsynchronous resonance in power systems is a phenomenon that can significantly impact the
stability and performance of electrical grids, especially those that incorporate large synchronous
machines and wind farms. As power systems evolve to include more renewable energy sources and
complex control strategies, understanding and managing subsynchronous resonance (SSR) has
become increasingly critical. This article delves into the causes, implications, and mitigation
strategies of SSR, providing a comprehensive overview of this complex issue in power systems.

Understanding Subsynchronous Resonance

Subsynchronous resonance is a condition that occurs when the natural frequency of a system is
excited by external forces, leading to oscillations at frequencies below the synchronous frequency of
the system. In power systems, this phenomenon typically manifests when the interactions between
synchronous generators and turbine-generator systems interact with the control dynamics of power
electronics, such as those found in wind turbines and flexible AC transmission systems (FACTS).

Key Characteristics of SSR

- Frequency Range: SSR occurs at frequencies below the synchronous frequency of the power system,
which is generally 60 Hz in North America and 50 Hz in many other parts of the world.

- Types of Oscillations: SSR can manifest in various forms, including:

- Subharmonic Oscillations: These are oscillations at frequencies that are fractions of the fundamental
frequency.

- Torsional Oscillations: These involve the twisting motions in the rotor shafts of turbines and
generators.

- Damping: The damping of these oscillations is critical; insufficient damping can lead to significant
amplitude increases, potentially resulting in equipment failure or instability in the power system.

Causes of Subsynchronous Resonance

The occurrence of SSR can be attributed to several factors, primarily associated with the interaction
between synchronous generators and other components of the power system.

1. Interaction of Synchronous Generators with Wind Farms

As more wind farms are integrated into power systems, the potential for SSR increases. Wind
turbines, particularly those utilizing doubly-fed induction generators (DFIGs), can inject reactive power
into the grid, which can interact with the synchronous machines and create resonance conditions.



2. Mechanical and Electrical Dynamics

The mechanical dynamics of turbine generators, combined with electrical dynamics, can create
conditions conducive to SSR. The following factors contribute to these dynamics:

- Inertia: The inertia of synchronous machines plays a crucial role in damping oscillations. Lower
inertia can result in less effective damping.

- Control Strategies: The control algorithms used in power electronics can inadvertently excite
subharmonic frequencies, especially if they are not appropriately tuned.

3. Transmission Line Characteristics

The characteristics of transmission lines, including their inductance and capacitance, contribute to the
overall dynamics of the power system. Long transmission lines can introduce additional phase shifts
and resonant frequencies that can lead to SSR.

Implications of Subsynchronous Resonance

The implications of SSR are far-reaching and can affect not only the stability of power systems but
also the safety and reliability of electrical equipment.

1. Equipment Damage

One of the most severe consequences of uncontrolled SSR is equipment damage. High-amplitude
oscillations can lead to:

- Mechanical fatigue in turbine-generator shafts.

- Insulation failure in electrical equipment.
- Structural damage to generators and transformers.

2. System Instability

SSR can lead to instability in the power system, resulting in:
- Voltage fluctuations and potential blackouts.

- Difficulty in maintaining frequency stability.
- Increased operational costs due to the need for additional control measures.

3. Economic Impact



The economic implications of SSR can be significant. Issues such as equipment failure and system
instability can lead to:

- Increased maintenance costs.
- Loss of revenue due to outages.
- Higher operational costs associated with implementing mitigation strategies.

Mitigation Strategies for Subsynchronous Resonance

Given the potential dangers posed by SSR, various strategies have been developed to mitigate its
effects. These strategies can be categorized into design considerations, control techniques, and
operational practices.

1. Design Considerations

When designing power systems, several considerations can help minimize the risk of SSR:

- Proper Sizing of Equipment: Ensuring that synchronous machines are adequately sized and that their
inertia is sufficient to dampen oscillations.

- Use of Damping Devices: Incorporating mechanical dampers or tuned mass dampers in turbine-
generator systems to absorb excess energy from oscillations.

- Control Hardware: Designing control hardware for wind farms and FACTS devices that minimizes the
risk of resonant frequency excitation.

2. Control Techniques

Advanced control techniques can be employed to manage SSR effectively:

- Dynamic Reactive Power Control: Implementing reactive power control strategies to stabilize voltage
levels and reduce the likelihood of oscillations.

- Adaptive Control Algorithms: Utilizing adaptive control algorithms that can respond to changes in
system dynamics in real time.

- Tuning of Control Parameters: Regularly tuning control parameters of power electronics to dampen
oscillatory behavior.

3. Operational Practices

Operational practices play a vital role in managing SSR:

- Monitoring and Real-Time Assessment: Implementing real-time monitoring systems to assess the
health of the power system and detect early signs of SSR.

- System Studies and Simulations: Conducting thorough system studies and simulations to understand
the potential for SSR in different operational scenarios.



- Training and Awareness: Ensuring that operators are trained to recognize the signs of SSR and to
respond appropriately.

Conclusion

Subsynchronous resonance is a complex phenomenon that poses challenges to the stability and
reliability of modern power systems. With the increasing integration of renewable energy sources and
advanced control technologies, understanding SSR is more crucial than ever. By employing effective
design considerations, control techniques, and operational practices, power system operators can
mitigate the risks associated with SSR, ensuring a stable and resilient electrical grid. As power
systems continue to evolve, ongoing research and adaptation will be essential in managing the
intricacies of subsynchronous resonance effectively.

Frequently Asked Questions

What is subsynchronous resonance (SSR) in power systems?

Subsynchronous resonance is a phenomenon that occurs in power systems when the natural
frequency of a generator or turbine system interacts with the system's electrical network, leading to
oscillations at frequencies below the system's synchronous frequency.

What causes subsynchronous resonance in power systems?

SSR is primarily caused by the interaction between the turbine-generator's mechanical characteristics
and the electrical characteristics of the transmission system, including the presence of series
capacitors and inductive elements.

What are the potential effects of subsynchronous resonance
on power systems?

SSR can lead to increased mechanical stress on turbine-generator units, potential damage to
equipment, instability in system operation, and loss of synchronism, which can ultimately cause
system outages.

How can subsynchronous resonance be detected in power
systems?

SSR can be detected through monitoring techniques that analyze system frequency response,
including phasor measurement units (PMUs) that capture oscillation modes and frequency deviations
in real-time.

What mitigation techniques are commonly used to address



subsynchronous resonance?

Common mitigation techniques include installing damping controllers, using series capacitors with
appropriate protection schemes, and employing frequency filters to dampen oscillations.

What role do series capacitors play in subsynchronous
resonance?

Series capacitors can enhance power transfer capabilities but may inadvertently contribute to SSR by
creating a resonance condition with the turbine-generator's natural frequency, leading to oscillations.

Are certain types of generators more susceptible to
subsynchronous resonance?

Yes, steam turbine generators and certain types of synchronous generators are generally more
susceptible to SSR due to their mechanical and electrical characteristics compared to other generator
types.

How has the integration of renewable energy sources affected
subsynchronous resonance issues?

The integration of renewable energy sources, such as wind and solar, can complicate SSR dynamics
due to their variable output and potential interactions with existing power system components,
leading to unique resonance conditions.

What advancements are being made in research and
technology to better understand and manage subsynchronous
resonance?

Recent advancements include the development of advanced modeling and simulation tools, improved
monitoring systems, and the application of machine learning techniques to predict and mitigate SSR
events more effectively.
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