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Prerequisite: Fundamentals of Electrical Engineering (B.Sc.) and

Supervisor Approval

Aim/Scope/Objectives: The aim of this course is to overview the fundamental topics in wind
energy systems and familiarizes the graduate students with the theory and practical aspects of
wind power plants.

Course Outline:

1- Introduction
Historical uses of wind, History of wind electric generation, Horizontal axis wind turbines
(HAWT), Vertical axis wind turbines (HAWT), Innovative wind turbines, Wind farms.

2- Wind Characteristics
Meteorology of wind, World distribution of wind, Wind speed distribution in Iran,
Atmospheric stability, Wind speed variation with height, wind speed statistics, Weibull
statistics model,

3- Wind Measurements
Anemometer instruments, Different type of anemometers (conventional and innovative),
Wind direction instruments, and Laser type wind measurements.

4- Wind Turbine Power, Energy and Torque
Power output from an ideal turbine, Blade aerodynamics, Power output from practical
turbines, Transmission and generator efficiencies, Energy production and capacity factor,
Torque at constant speeds, Starting a Darrieus turbine, Turbine shaft power and torque at
variable speeds, Wind turbine mathematical models.

5- Different components of a vertical axis wind turbine
Rotor, Aerodynamic control of blade, The Hub, Drive train, Couplings, Gearbox, Brakes,
Yaw system, Main frame and nacelle, Tower.

6- Mathematical Modeling of wind turbine
Wind torque (deterministic and statistic components), Modeling of a VAWT with
variable pitch, Mechanical subsystem, Aerodynamic subsystem, Electrical subsystem,
Pitch subsystem, Mean wind speed subsystem.
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7- Control objectives and strategies

Control objectives, Mechanical loads, Power quality, Turbine modes of operation, Turbine
control strategies, Fixed-speed fixed-pitch, Fixed-speed variable-pitch, Variable-speed
fixed-pitch, Variable-speed variable-pitch.

Grid Integration of offshore wind farms
Grid connection standards, Grid connection methods, HVAC, Line commutated convertor
LCC-HVDC, Voltage source convertor VSC-HVDC, Case studies.

Grading: 70% Final exam, 10% Homework, 20% Research Project
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