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Transient Stability Problems Due to Large DisturbancesTransient Stability Problems Due to Large Disturbances

 f l di b i i i bili i Types of large disturbances causing transient instabilities
 High wind surges in Flores Island
 Failures of equipment and faults

 F i t bilit f Frequency instability Disturbance is a tenfold 
increase in wind power

Wind generator frequency 

C t ll St ti V

slowly goes to infinity

Controller: Static Var
Compensator (SVC) 3



Transient Stabilization using FACTSTransient Stabilization using FACTS

 Establish a nonlinear model which is relevant for representing 
large disturbances

 Ti i h d t d l d i f Time‐varying phasors are used to model dynamics of 
generators and FACTS devices

 Nonlinear control is energy based; energy function is Nonlinear control is energy‐based; energy function is 
expressed using time‐varying phasors

 Energy function has a physical interpretation of incremental Energy function has a physical interpretation of incremental 
accumulated (stored) energy in the system

 Controller shifts the incremental stored energy between Controller shifts the incremental stored energy between 
generators and FACTS devices
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Time Varying Phasor Model of FACTS (SVC)Time‐Varying Phasor Model of FACTS (SVC)

 Time‐varying phasors are used to model transmission lines and FACTS
 Fast dynamics is captured
 ODE model is established

 Assume fast thyristor switching – averaged switching model

5



Using FACTS Devices as Temporary Energy StorageUsing FACTS Devices as Temporary Energy Storage

 E l it th f t th t ti Exploit the fact that reactive 
elements can accumulate active 
power during transients
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Energy based Control LawEnergy‐based Control Law

The biggest amounts of energy are gg gy
accumulated in large inductors and capacitors

 Temporarily accumulates energy of 
a disturbance in FACTS devices [6].
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Simulation Results

Hydro
Diesel
Wind

Other control strategies
Uncontrolled systemSimulation Results Other control strategies

Total energy increment is 
minimized

Frequency is stabilizedFrequency is stabilized 
using Energy-based control

Energy stored in wires 
increases during transients

Fluctuations in SVC voltage
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Transient Stabilization using FlywheelsTransient Stabilization using Flywheels

 Introduce flywheels and their applications
 Sliding mode control
 Use flywheels in response to large wind disturbances when

 Modeling the rest of the system as a disturbance
 M d li th d i f th t f th t Modeling the dynamics of the rest of the system
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Flywheel Energy Storage SystemFlywheel Energy Storage System

 b l Stores energy by accelerating a rotor to a 
very high speed

 Tensile strength of rotor material g
determines maximum capable stored 
energy

 Flywheel is connected to electric machine Flywheel is connected to electric machine 
to control its rotational speed

 To decrease energy losses
 Flywheel is operated in a vacuum
 Magnetic bearings are used to levitate rotor  

[2],[3],[4]
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Potential Applications for FlywheelsPotential Applications for Flywheels

 Flywheels have small time constants (compared to generators 
and alternative types of storage)

 C b d f i t tibl l f Can be used for uninterruptible power supply, frequency 
stabilization, frequency regulation

While FACTS devices can store active power only duringWhile FACTS devices can store active power only during 
transients, flywheels can store active power in steady state also

 Therefore flywheels are more appropriate to use for prolonged Therefore, flywheels are more appropriate to use for prolonged 
disturbances
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Dynamic Model of FlywheelDynamic Model of Flywheel

When flywheel is connected to permanent magnet 
synchronous machine:
 3 state variables: ω i i 3 state variables: ωf, iqs, ids
 2 input variables: vqs, vds

[5]
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Sliding Mode ControlSliding Mode Control

 Drive iqs and ids to desired values by fast switching of vqs and 
vds

Switching Function Voltage Input Flywheel Powerg g p y
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Response to Wind DisturbanceResponse to Wind Disturbance

 Treat the rest of the system as a disturbance
 Set                          , so flywheel absorbs wind disturbance

14



Dynamic Model of Flores Island Power SystemDynamic Model of Flores Island Power System

 Switches open and close at very high frequency relative to 
rest of the grid

 Large capacitor (CL) serves to keep the voltage across the 
wind generator nearly constant

 The polarity of the small capacitor (Cs) changes to control iqs
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Use Flywheel for Frequency StabilizationUse Flywheel for Frequency Stabilization

 Include dynamics of the entire system
 Set iqs*=0A in order to stabilize the disturbance
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Conclusions



Conclusions

 Transient stability of Flores island has been improved using 
smart control on FACTS and flywheels

Whil FACTS t ti l f h t tiWhile FACTS can store active power only for short time 
intervals, flywheels can be used for prolonged disturbances

Open Questions / Future Work

 Determining FACTS parameters based on stability requirements
 Larger power system with multiple flywheels Larger power system with multiple flywheels 

 Multiple Input / Multiple Output Control
 Decentralized or Cooperative Control?
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