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ABSTRACT 

In recent years, series capacitors are being inserted in transmission 

lines to boost power transfer capabilities. By inserting series capacitors, the 

transmission line inductance is reduced and the line is said to be series 

compensated. However, when these lines are radially connected to a wind 

farm with fixed speed induction generators, the wind farm becomes 

susceptible to a phenomenon known as subsynchronous resonance (SSR) 

due to Induction Generator Effect (IGE). SSR is a system phenomenon where 

there is exchange of energy between the electric network and a turbine 

generator at one or more natural subsynchronous frequencies of the 

combined system. It causes electrical instability as well as turbine shaft 

failures.  

Studies of subsynchronous induction generator effect (SSIGE) in 

fixed speed wind energy systems have focused on analyzing the wind farms 

for potential of SSR as well as proffering solutions using Flexible Alternating 

Current Transmission Systems (FACTS) controllers. Research works 

published have used either a variable impedance type or voltage source 

converter (VSC)-based FACTS devices and controllers. Most of these have 

had to include a supplementary SSR damping controller (SSRDC) in their 

controller design which increases complexity and cost. Another study made 

use of a VSC-based static synchronous compensator (STATCOM) controlled 

by lead-lag compensators and PI controllers. However, this requires a trial-

and-error process to get good PI controller gains for a reasonable system 

performance. 

In this research, a detailed electromechanical model of the fixed 

speed wind energy system connected to series compensated transmission 

line is developed in the MATLAB/Simulink environment. A new approach of 

damping SSR oscillations due to induction generator effect using current 

source inverter (CSI) based STATCOM controller is presented. The controller 

utilizes state feedback and integral control which provides inherent damping 

characteristics. This control method is fast and simple and the full state 

feedback is used to assign fast and non-oscillatory dynamics for better 

system performance. The CSI-based STATCOM system is modelled and 

connected to the wind farm bus terminal to dampen triggered SSR 

oscillations. Eigenvalue analysis show that the system stability is improved 

and extensive time domain simulations in Matlab verify the eigenvalue 

results. A fast dynamic system response is achieved with SSIGE oscillations 

effectively damped. 
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