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Abstract

For megawatt-class (MW-class) wind turbines, the alteration of rotor speed 

considerably affects the optimal performance, according to the energy flow 

characteristics of generators. A robust approach, based on a hydro-dynamically 

controlled gearbox, provides accurate speed adjustments for fixed-speed 

generators, normally at the synchronous speed. The existing topologies, which 

use the traditional synchronous generator, perform poorly due to lack of control 

in the rotor electromagnetic circuit during load changes and input energy 

fluctuations. Therefore, a doubly-fed induction generator (DFIG) is utilized with 

the rotor winding being fed with direct current in order to control the output 

power of the machine. At this mode of operation, there is no considerable active 

power flowing in the rotor and thus the converter rating reduces considerably. 

However, when working as a synchronous generator, the DFIG behaves in the 

same manner and causes electromagnetic oscillation, as well as undesired 

unbalanced thermal load in the rotor winding and power components of the 

converter.

This research work develops control techniques which combine feedback 

and feedforward topologies to reduce oscillations in the electromagnetic torque, 

load angle, as well as the reactive power of a DFIG at the synchronous operating 

point. According to the critical damping method, the damping torque is 

controlled to maintain the critical state of the entire system. This method is based 

on the dynamic analysis of torque components in the machine. As a consequence, 
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an additional damping torque is fed to the control loop to eliminate the vibration 

of variables during the alteration of operating parameters. The other method, 

namely coupling approach, is based on the analysis of the vibration components 

of variables like torque, reactive power, and load angle. Thus, the oscillation 

parts are provided simultaneously at their set values and the vibration is 

eliminated.

On the other hand, as the share of wind energy in the power network 

increases, the generators are required to stay connected in cases of voltage 

depression, in accordance with the grid code of each nation. This research 

introduces methods to support the generator to ride through the temporary low 

voltage (LVRT) to minimize the waste of wind energy. These methods use the 

support of active crowbar mechanism and a direct rotor voltage control, in order 

to reduce the oscillations in machine variables and keep them within a safe limit. 

Furthermore, in case of unbalanced grid voltage dips, a novel approach is 

proposed to separate the positive and negative components, so that these 

components can be controlled separately. This control structure can reduce the 

negative impact on stator current, rotor current, torque as well as active and 

reactive powers, when the machine works at the synchronous mode. Optimal 

methods to determine the reference value of negative sequence controller are also 

proposed in order to simultaneously eliminate the oscillation in variables. 

The behaviours of the above mentioned schemes are investigated by the 

means of Matlab/Simulink simulation and experimental test model to validate the 

proposed approaches. 
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