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ANN Artificial Neural Network

BPD Base-case Power Dispatch

CCA Critical Clearing Angle

CCT Critical Clearing Time

CDF Cumulative Density Function

CM Critical Machines

CPF Continuation Power Flow

DFIG Doubly-Fed Induction Generator
DG Distributed Generation

EEAC Extended Equal Area Criterion
EMM Electromechanical Modes

LMP Locational Marginal Price

MISO Multi-Input Single-Output
MRRAD Maximum Relative Rotor Angle Deviation
NM Non-Critical Machines

OMIB One Machine Infinite Bus

OPF Optimal Power Flow

PDF Probability Density Function
PEM Point Estimate Method

PI Proportional-Integral

PMSG Permanent Magnet Synchronous Generator
PSAT Power System Analysis Toolbox
SCIG Squirrel Cage Induction Generator
SIME Single Machine Equivalent

SM Security Margin

TSA Transient Stability Assessment

TSC-OPF  Transient Stability-Constrained Optimal Power Flow
ucC Unit Commitment
WF Wind Farm
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Abstract

Fossil fuels are vanishing more rapidly than before and the greenhouse gases are
the byproduct. As a solution, the renewable energies have being paid more
attention nowadays. These types of energy resources including wind farms (WF)
have introduced new energy conversion technologies to the power systems which,
in turn, make new challenges for power system operation and control. In this
thesis, the WF is studied from the viewpoint of transient stability as well as small
signal stability. The eigenvalues corresponding to the WF itself and the impacts of
control parameters on these modes are investigated and appropriate values are
determined. The impacts of WF on the small signal stability of a multi-machine
power system are also investigated and it is shown that a WF based on DFIG
technology would not participate in the electromechanical modes of synchronous
generators. The SCIG is also studied and it is shown that from the view point of
transient stability, this generator’s performance is weaker. Besides, a formula for
the CCT of this generator is derived. A novel approach for transient stability
constrained optimal power flow is proposed. This method is evaluated on two test
systems and the results are compared to recent publications. Improvement in
computation time and accuracy of results are some features of this method.
Considering the probabilistic nature of wind speed, power system studies have to
be modified. Optimal power flow is one the power system studies which is treated
in this thesis. Besides, a method for reducing the computation time of these studies
Is introduced and the beneficial and detrimental features of this method are
demonstrated. Inability of generators using power electronic interface to make
Inertia response is among the detrimental impacts of WF in the system. Frequency
drop in case of a large unit outage and large oscillations in rotor angles are the
outcomes. Based on these issues, a method for determining the maximum
penetration level of WF in the power system is proposed.

Keywords: Small signal stability, Transient stability, Inter-area and local modes,
Critical clearing time, Wind turbine, Optimal power flow
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