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This thesis deals with the operatlon and control of VSC (Voltage Source Converter)
based grid connected wind farm. The fast growth of wind generation has led to
concern about the effect of wind power on the stability of the electric grid. Therefore ’
it is essential to analyze the effect of wind farm penetratlon into power sy“stem on its.
frequency and other character1stlcs especially frequency drop When unexpected

“generation loss due to.a- fault in-the grid system or load increase occurs. During
' severe network disturbance such as a short circuit fault, the terminal voltage of
.wind farm decreases significantly and active power from wind farm cannot be
supplied to the grid system. New studies must be performed in order to evaluate the
behavior of the wind farms after severe faults and i improve the design of the wind
farms in an efficient and economical way. Therefore, the interaction between wind
farm and grid system from po1nts of view of transient and steady state
characteristics has become a very important issue to be analyzed.
The Fixed Speed Wind Turbines with Squire Cage Induction Generatore
(FSWT SCIGS) are widely used in wind farm due to their advantages of mechanical
simplicity, robust constructmn and lower cost. However, the FSWT-SCIG directly
connected to the grid does not have any LVRT (Low Voltage Ride Through) capability
when a short circuit occurs in the system. Moreover, under steady state condition its.
reactive: power consumption cannot be controlled and hence terminal voltage of the
wind generator leads to large fluctuation. Combined installation of PMSG
*(Permanent Magnet Synchronous Generator) and SCIG in a wind farm can be
considered a- good solution, because the PMSG can provide the required reactive’
power of SCIG during fault condition. Therefore, in this thesis new control system
for cooperated stabilizing control of PMSG based grid.connected wind farm is
proposed and it is shown that the proposed control system can stabilize the wind
farms effectively. _

Currently, most of studies about PMSG system consider normal operation,
for example, realization of maximum power point tracking. Studying on the PMSG
system protection is not so .much, meanwhile, enhancement of FRT (Fault
Ride*Throuigh) . capability is. required for operating of wind farm. The wind farm
should stay online during and after a network disturbance. When a fault occurs in
-the gr1d a voltage dip appears at the terminal of wind generator and then the active




power delivered to the grid is:also reduced. As the generator side converter is

decoupled With‘the grid, generator continues to generate the active power and thus

the DC-link voltage increases due to the energy unbalance between the generator

side converter and the grid side converter. Usually, a simple DC chopper with a

bijaking resistance is inserted into the DC-link circuit to dissipete the active power

produced by PMSG in such a way that the active power balance in, the DC-link

circuit  is maintained. However, it can have a problem if the active power coming

from the PMSG is not balanced against the capacity of braking resistor. This. is’
because the capacity of resistor in the protection system with a simple DC chopper i is

constant (uncontrolled). In order to solve the-problem new topology of DC-link

- protection of PMSG by using buck converter is proposed in this thesis. From the

simulation results, it is shown that the proposed method can control well the

DC-Iink voltage as well as other dynamic responses of PMSG such as rotor speed and

“active power output. Therefore it is concluded that the dynamic performance of

PMSG can be enhanced by the proposed DC-link protection system.

' Offshore wind farm can be connected to onshore power system using HVAC"
(High Voltage AC) transmission technology if the wind power plant is near the -
onshore. But HVDC (High Voltage DC) technology may be more attractive for the
transmission of bulk power over long distances. HVDC becomes a more economical
solution than FIVAC in the case of transmission over a.certain distance called
"break-even". The break-even distance is between 500-800 km for overhead lines and
around 50 km for submarine cables.

In this thesis, Fixed Speed Wind Turbine-Squirrel Cage Induction Generator
(SCIG) based wind farm which is connected to.onshore power system through the
VSC-HVDC transmission system is also considered. This is because, in comparison
with DFIG and PMSG, SCIG has some superior characteristics such as a simple
design with high rehablhty, brushless and ruggéd construction, low investment and
- maintenance cost, and operational simplicity. In addition, the SCIG needs no
individual power converter ‘in its operation. Although SCIGs have almost no Low
Voltage Ride Through (LVRT) capability, the LVRT capability of the SCIG based
wind farm. can be enhanced if the wind farm is connected to onshore main grid
through VSC-HVDC line and controlled by the proposed cluster VSC converter
system. It is shown that the proposed system based on the SCIG wind turbines
controlled by the new cluster converters with VSC-HVDC system can enhance the
performance and stability of the SCIG based wind farm under both transient and
steady state conditions.
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