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This thesis deals with the stabilization of grid connected wind farms by doubly fed induction

generators (DFIGs). The fast growth of wind generation has led to concem about the effect of wind power
on the transient stability of the electric grid. As the amount of wind power is drastically increasing in years
to come, maintaining power system stability during, for example, a short circuit fault will be: more
important in order to ensure power supply reliability and other important issues. New studies must be
performed in order to evaluate the behavior of the wind farms after severe faults and improve the design of
the wind farms in an efficient and economical way. Under such circumstances, the most demanding
requisite for wind farm is the Fault Ride-Through (FRT) capability. Wind farms connected to high voltage
transmission system must stay connected when a voltage dip occurs in the grid, otherwise, the sudden
disconnection of great amount of wind power ma{y contribute to the voltage dip, with terrible consequences.
Therefore, tlie dynamic and transient analyses of wind generators are necessary.
Recently, wind farm grid codes require wind generators to have sufficient FRT capability, which means
that normal power production should be re-initiated once the nominal grid voltage is recovered. The fixed
speed wind turbine (FSWT) system with squirrel cage induction generator has limited ability to provide
voltage and frequency control, and thus requires expensive external reactive power compensation during a
grid fault in order to have sufficient FRT capability. It is therefore imperative to use the DFIG variable
speed wind turbine (VSWT) to stabilize the FSWT during a grid disturbance. Simulation analyses in this
thesis show that the DFIGs can-effectively stabilize the IGs and hence the entire wind farm through the
proposed control scheme by providing sufficient reactive power to the system without additional cost.

Thus, wind farms composed of both FSWTs and VSWTs could be promising.

Since the DFIGs will be stressed or overloaded in the process of stabilizing the wind farm during a
grid fault, it is paramount to consider a protection scheme for the DFIG, in order to protect its power
converters. Two schemes, the DC-link chopper-controlled braking resistor with the supplementary rotor
current (SRC) control of the rotor side converter and series dynamic braking resistor (SDBR) connected to
the 'stator of the DFIG, are proposed and compared to each other in this study. It is found from the
simulation results in this thesis that the two proposed schemes can eliminate the need for an expensive
crowbar switch in the rotor circuit, because both can limit the rotor current of the DFIG within its'nominal
value dﬁring a grid fault. However, the latter scheme offers more advantages as per FRT capability™
requirement of the DFIG system, and hence it is recommended in this thesis.

During a grid fault, the DFIG experiences over currents which lead to increasing DC-link voltage in
the power cc;nverters. Thus, the power converters are vulnerable and can easily get damaged. during a grid
fault: A crowbar protection switch is normally considered to protect the power.converter of DFIG during a
grid fault, in order to enhance FRT capability. However, the crowbar protection has some adverse effects
on the operation of DFIG as it deteriorates the independent-controllability of real and reactive powers. The
effect on the participation of FACTS (Flexible AC Transmission System) device such as a STATCOM
(Static Synchronous Compensator) connected to the point of common coupling (PCC) of a wind farm is
investigated in this thesis. Simulation results show that a FACTS device can effectively enhance the
performance of the DFIG when its crowbar switch is activated during a grid fault, by providing additional
reactive power to the system, thus improving the voltage stability performance of the DFIG and the wind
farm as well. A comparative study using the proposed DFIG contro] and FACTS approaches in wind farm
stabilization is also carried out. The DFIG system seems to be more advantageous because, in addition to
generating electric power at steady state, it can also stabilize the wind farm during dynamic and transient
conditions.




A new current controlled voltage source converter (CC-VSC) scheme is proposed in this thesis for a

DFIG system. Results obtained using the proposed scheme is then compared with those of two other DFIG
control schemes that uses voltage controlled voltage source converter (VC-VS) and SDBR, to show the

effectiveness of the proposed controller. Different types of symmetrical and unsymmetrical faults in the
multi-machine power system model are analyzed using the prdposed scheme considering wind farm recent
grid codes. Though all of the schemes are able to stabilize the wind farms during transient conditions, the
proposed CC-VSC scheme offers the advantages of less intricacy of controller design, reduced number of
PI controllers at the rotor side converter of the DFIG system, and better performance during a grid fault.
The transient stability index of the system is also improved for different fault type in different fault
location in the considered model system by using the proposed CC-VSC scheme for DFIG. The terminal
voltage of the wind farm can also be stable during wind speed change in the dynamic condition by using
the proposed CC-VSC baséd DFIG scheme.

Simulations are carried out by using the digital simulation software package PSCAD/EMTDC
(power system computer aided design and electromagnetic transient including DC). For wind power
fluctuation analysis, the real wind speed data is used, which is measured at Hokkaido Island of Japan.
Different types of symmetrical and unsymmetrical faults are considered for the transient stability analyses
of wind turbine generator systems. It is concluded that the various proposed DFIG VSWT approaches with
their control strategy can be very effective to stabilize a grid connected wind farm.
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