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Abstract

The electric power system is currently undergoing a period of unprecedented
changes. Environmental concerns lead to replacement of a significant share of
conventional fossil fuel-based power plants with renewable energy resources. New
power systems have small inertia constant due to the decoupling of the renewable
source from the AC grid using power electronics converters. Therefore, increasing
the penetration level of wind turbines in the network, has affected the dynamic
stability of power systems. It is necessary for grid-connected wind farms to provide
ancillary services, such as active power control, frequency regulation and damping
control. Currently, many papers have studied the virtual inertia control and its effects
on improving the stability of system frequency. This research investigates a novel
method of the interconnected power grid to improve dynamic stability using variable
inertia control of large wind farms. In this scheme, the system inertia is considered
as an adjustable operating parameters which can be regulated for inter-area power
oscillation control and frequency support. Based on the linear state equations derived
from a two-area interconnected power system, the effect of the controlled inertia on
power oscillation damping is evaluated theoretically considering the different cases
of power feeding and receiving networks. The respective wind turbine variable
inertia control strategies for the feeding and receiving regional networks are
proposed to enhance both inter-area power oscillation damping and frequency
stability. A typical two-area interconnected power system with a high 30% wind
penetration is simulated, which consist of four conventional power plants and two
doubly fed induction generator (DFIG)-based wind farms. The results demonstrate
that by using the proposed control scheme, the frequency stability and the inter-area
oscillation damping are both significantly improved for the more effective inertia
support in the interconnected power system.

The other purpose of this research is to propose a static synchronous
compensator and design a power-oscillation damping controller, which is designed
by using phase-compensation method to damp out oscillations of the studied two-
area power system. It can be concluded from the results that proposed STATCOM
with the designed PODC is capable of improving stability of the studied two-area
power system connected with wind farms. PSAT is used for power system analysis
and simulations are performed in MATLAB/SIMULINK software environment.

Keywords: Wind turbine, variable virtual inertia, frequency stability, inter-area
power oscillation, power-oscillation damping controller (PODC), static synchronous
compensator (STATCOM)
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