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Abstract of Thesis

This thesis deals with the analysis, modeling, and designing of control systems for generation systems based on
the variable speed doubly-fed induction generator (DFIG). Although the initially adopted prime mover is a
natural gas-fired internal combustion engine, the control structure should be general that it can be extended to
other variable speed generation systems such as wind turbines. The DFIG operates in a distributed generation
system and it should guarantee an uninterruptable power supply to a local load which is connected close to the
generator.

The control system of the DFIG generation system must guarantee stable power supply to the local load even in
the case of grid failure. Thus, the control system must have different modes of operation depending on the status
of the grid. The control system must have a grid-connected mode of operation when the generator is connected to
the grid, and it must have a stand-alone mode of operation when the generator is disconnected from the grid due
to a grid failure. In addition, the control system should guarantee a smooth transition between the different
modes of operation. The transition from stand-alone to grid-connected requires a temporary mode of operation
where the generator voltage is gradually synchronized with the grid voltage while the generator is still
disconnected from the grid; this mode of operation is referred to as synchronization mode.

In this work, a new decoupled control for the grid-connected mode was proposed. The new decoupled control is
based on decoupling the stator active and reactive component of the stator current. Compared with the
conventional decouple P-Q control method, which is based on decoupling the stator active and reactive power, the
proposed decoupled control is more robust and flexible, and it requires less number of machine parameters. The
online calculation does not require any parameter, while the controller design requires knowledge of the
stator-to-rotor turns ratio only.

The proposed decoupled control requires knowledge of the slip angle which requires a mechanical encoder. To
avoid the disadvantages of mechanical encoders, a new slip angle estimator has been proposed. This estimator is
based on rotor current estimation in the synchronous reference frame. Compared with other model-based
estimators, the proposed estimator requires the least number of parameters; only one parameter which is the
stator inductance. The stator inductance is the inductance measured at the DFIG’s stator side; this enables the
proposed estimator to use real machine parameters.

For stand-alone mode, the direct voltage control was investigated. The direct voltage control has disadvantages
such as absence of slip angle information and inrush currents when connected to the grid. To overcome the
limitations of the direct voltage control, we have proposed an estimator of the rotor current angle in the
synchronous reference frame. The direct voltage control was modified to include this estimator; this enables the
direct voltage control to obtain the slip angle, achieves smooth transition to the grid-connected mode, and
guaranteed stable operation of the negative-sequence compensation through the rotor side converter.

Using a 1.1 kW DFIG, the proposed control systems were tested with both simulation and experiments. The
simulation was carried out using the PSCAD/EMTDC software. From the obtained results, the proposed control
schemes are suitable for variable doubly-fed induction generators-based gas engine generation systems. The
control system was general which enables applying the proposed control schemes to other variable speed

generation systems.
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