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Abstract:

A decreasing trend in fossil fuel sources and natural gases and the increase in energy prices
have heightened the need for renewable energy technology, and wind energy is probably the
fastest growing one. Due to its especial advantages, one of the generators used in wind power
systems is Doubly Fed Induction Generator (DFIG). Wind farms are mainly located in rural
areas where nonlinear, asymmetric loads and grid faults can lead to such more frequently
disturbances. As a consequence, unbalanced and harmonic disturbances are inevitable in the
wind power systems. If unbalanced voltage is not controlled, it may cause oscillations with
doubly frequency in electromagnetic torque, active and reactive powers injected to the grid.
Furthermore, the grid stability, as well as the safety of the power electronics and the mechanical
part of the wind turbine, are put in jeopardy. As a result, DFIGs without unbalanced voltage
control may have to be disconnected from the grid when network voltage unbalance is more than
6%, which could not be accepted in today’s wind-energy application. So far, several control
methods are investigated for DFIG systems under unbalanced grid voltage conditions. Recently,
SMC has been designed for controlling electromagnetic torque and system output power by RSC
and GSC under both unbalance and harmonic grid voltages without separating positive and
negative sequences of voltage or current. This method has improved performance of DFIG
compared with other control methods, but it cannot eliminate stator and rotor current unbalances,
electromagnetic torque, and power pulsations which decrease the output power quality. Besides,
unequal heating in the stator and rotor windings or in the line reactors still exist, which may
degrade the lifetime of the windings or coupled inductors insulation materials. So, recently a new
DFIG configuration with an additional grid-side converter in series with the generator’s stator
windings has been proposed in order to eliminate the negative-sequence voltage and improve the
output power quality. The main drawback of these methods is that adjusting Pl parameter is
cumbersome. In addition, these controllers are less robust against parameter variations, despite
their complexity. In this thesis, Applying a suitable Sliding-Mode Controller for a DFIG system
with Series Grid-Side Converter (SGSC) leads to the proposed control method implements in the
stationary reference frame and the inherent complexity design is removed and robustness with
respect to parameter variations is increased. Additionally, another advantage of this method is
the control of DC-link voltage using SMC.

Keywords: Doubly Fed Induction Generator (DFIG), Unbalanced Voltage, Rotor-Side
Converter (RSC), Grid-Side Converter (GSC), Series Grid-Side Converter (SGSC), Sliding-
Mode Control (SMC)
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! Direct Power Control
2 Series Grid-Side Converter
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! Rotor-Side Converter
2 Grid-Side Converter
# Sliding-Mode Control
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