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Schematic of a Fourteenth Century Dutch Windmill
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Turbine Component

Function

Nacelle

Contains the key components of the wind turbine, including the gearbox, yaw system,
and electrical generator.

Rotor blades

Captures the wind and transfers its power to the rotor hub.

Hub

ALlacnes tne rotor to tne 10w-speed snart or the Wind turoine.

Low speed shaft

Connects the rotor hub to the gearbox.

Gear box

Connects to the low-speed shaft and turns the high-speed shaft at a ratio several times
(approximately 50 for a 600 kW turbine) faster than the low-speed shaft.

High-speed shaft with
mechanical brake

Drives the electrical generator by rotating at approximately 1,500 revolutions per
minute (RPM). The mechanical brake is used as backup to the aerodynamic
brake, or when the turbine is being serviced.

Electric generator

Usually an induction generator or asynchronous generator with a maximum electric
power of 500 to 1,500 kilowatts (kW) on a modern wind turbine.

Yaw mechanism

Turns the nacelle with the rotor into the wind using electrical or other motors.

Electronic controller

Continuously monitors the condition of the wind turbine. Controls pitch and yaw
mechanisms. In case of any malfunction (e.g., overheating of the gearbox or the
generator), it automatically stops the wind turbine and may also be designed to
signal the turbine operator's computer via a modem link.

Hydraulic system

Resets the aerodynamic brakes of the wind turbine. May also perform other functions.

Cooling system

Cools the electrical generator using an electric fan or liquid cooling system. In addition,
the system may contain an oil cooling unit used to cool the oil in the gearbox.

Tower

Carries the nacelle and the rotor. Generally, it is advantageous to have a high tower, as
wind speeds increase farther away from the ground.

Anemometer and wind vane

Measures the speed and the direction of the wind while sending signals to the
controller to start or stop the turbine.
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Economics of Wind Power
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Research and development throughout the
past 20 years has resulted in a current
generation of utility-scale wind turbines, with
maximum electricity generating capacity often
exceeding 500 kW per turbine, designed for
about 120,000 hours of operation over a 20-
year lifetime.



Achievements on turbine technology

Improvements in the aerodynamics of wind turbine
blades, resulting in higher capacity factors and an
Increase in the watts per square meter of swept area
performance factor.

Development of variable speed generators to
Improve conversion of wind power to electricity over a
range of wind speeds.

Development of gearless turbines that reduce the on
going operating cost of the turbine.



Achievements on turbine technology

Development of lighter tower structures. A'by-product
of advances in aerodynamics and in generator design
IS reduction or better distribution of the stresses and
strains in the wind turbine. Lighter tower structures,
which are also less expensive because of material
cost savings, may be used because of such
advances.

Smart controls and power electronics have enabled
remote operation and monitoring of wind turbines.
Some systems enable remote corrective action in
response to system operational problems. The cost
of such components has decreased. Turbine designs
where power electronics are needed to maintain
power quality also have benefited from a reduction Iin
component costs.






