


a. System Components: Tower, Turbine, Blades

b. System Design Features




SYSTEM COMPONENTS

Wind turbine
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Electric motors are used to rotate, change the pitch of the blades. All blades must have the same pitch tor all

operational conditions.

Most direct current (DC) generators and permanent magnet alternators on small wind turbines do not have a

speed increaser. One type of large wind turbine has no gearbox, which means it has very large generators.
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There is desire to increase the size of wind tlirbines so as to increase maximum power.




Local electrical grids may not be able to handle

the large electrical output from a large turbine,

so smaller turbines may be more suitable.




Large Wind Turbines

9 \J

are independent of size.

one large turbine ¢
wind extremely efficiently.

Well-suited for offshore wind plaats.

USA
Conventional
2.5 MW




Sizes and applications

I Al Small Mid-scale
X <P
~ (100 kw) (100-1,000 kw)
* Homes * Village power
3 *  Farms * Hybrid systems
/ % * Remote applications (water e Distributed power
ll pumping, telecom sites,
icemaking) ’
< L R
8 / 4‘
Photo from Bergey Photo from Tjaden Farms,
Windpower Co. Inc., NREL NREL 13764
3 02102
<
8
Large, land-based Large, offshore

(1-3+ MW) ——— (3-7MW)
e Utility-scale wind farms . » e Utility-scale wind

1800 KW | 50 KW * Large distributed power farms, shallow coastal
» LARGE TURBINE SMALL TURBINE waters

No U.S. installations

Photo from Native Energy Inc., Photo from HC Sorensen, NREL
NREL 17593 17855
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- Glass/Epoxy
— 25mm Wood veneers
~— Epoxy glue
T Aluminium screen for lightening protection
" Glass/Epoxy (unusual)
Polyurethane point

Figure 7.1 Wood/Epoxy Blade Construction Utilizing Full Blade Shell (Reproduced from
Corbet (1991) by permission of the DT1 Renewable Energy R&D Programme)
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Figure 7.2 Wood/Epoxy Blade Construction Utilizing Forward Half of Blade Shell (Repro-
duced from Corbet (1991) by permission of the DT1 Renewable Energy R&D Programme)

\ \ CSM
Moulded GRP shear webs ' Filler "/’é PVC foam
(4] shear wel - —
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Figure 7.3 Glass-fibre Blade Construction Using Blade Skins in Forward Portion of Blade
Cross Section and Linking Shear Webs. (Reproduced from Corbet (1991), by permission of
the DT1 Renewable Energy, R&D Programme)




Structure of a rotor blade of a wind energy plant

Spar caps of epoxy resin carbon fiber laminate
or glass fiber laminate

1 Gluing of spars Coating system

based on polyurethane

Spars and half-shell in sandwich construction
of epoxy resin glass fiber laminate

© graphic arts BASF




SYSTEM DESIGN FEATURES

GE’s 4.8-158
Onshore Wind Turb

Pitch System

Independent blade pitch angle
adjustment combined with
generator torque enables rotor
to regulate speed depending
on wind conditions

Hub

Mounted on main shaft - can
be entered through hatches
located on the nacelle to
simplify up-tower repairs

Blades
158 meter rotor diameter with
blades from LM Wind Power

Tower

Hub heights available
101m, 120.9m with tdbular
tower & 149m, 161m with
hybrid concrete tower

GE Renewable Energy

r
Nacelle
Larger nacelle platform
brings move comfort to
Service personnel and
mm repairs

& Gearbox
proven doubly-fed
generator (DFIG)

Bavailable at

Control System

Eontrol system and digital
integration inctude
WindSCADA control system,
Psset Performance
Management (APM) and
cybersecurity modules

Electrical System

High power density electrical
system for performance and
grid integration

Ideal for low to medium wind speed sites







Design of Wind Energy System

Data of
available WTs

Weibull
statistical
analysis

Energy balance
analysis

Cost analysis

Hourly Wind-
speed data of
available sites

Hourly load
data

Output results




the wind into a torque (turning force) acting on

» The amount of energy which the wind transfers to the rotor depends

on the density of the air, the rotor area, and the wind speed.

* The kinetic energy of a moving body is proportional to its mass (or
weight). The kinetic energy in the wind thus depends on the density

of the air, its mass per unit of volume.

1995 wewewe WRDPOWER. org,



Design Procedure

There are a number of approaches that can be taken towards wind turbine design, and there are many issues that must be

considered. This section outlines the steps in one approach. The following sections provide more details on those steps. The key

design steps include the following:

3)

4) Preliminary loads estimate

Select topology

5) Develop tentative design

6) Predict performance

7) Evaluate design

8) Estimate costs and cost of energy
9) Refine design

10) Build prototype

11) Test prototype

12) Design production machine



The first step in designing a wind turbine is to determine the application. Wind turbines for
producing bulk power for supply to large utility networks, for example, will have a different design

than will turbines intended for operation in remote communities.

e application will be a major factor in choosing the size of the turbine, the type of generator it

it Is to be installed and operated. For example, wind turbines

h turbines have power



There are a wide variety of possible overall layouts or ‘topologies’ for a wind turbine. Most of these relate to the rotor.

The most important choices are listed below:

. horizontal or vertical
. stall, variable pitch, controllable aerodynamic surfaces and yaw control

. upwind of tower or downwind of tower

. driven yaw, free yaw or fixed yaw
. constant or variable
. rigid, teetering, hinged blades or gimballed

Early in the design process it is necessary to make a preliminary estimate of the loads that the turbine must be able to

withstand




Aerodynamic Design




The moving blades of the wind turbine convert part of the power in the wind to rotational
power

velocity




Lift and Drag Forces

Wind Power Wol }s Turbine Aerodynamics




The Apparent Wind is the
vector sum of the Actual Wind
and the Relative Wind caused
by the rotation of the blade

through the air

The optimum Blade Pitch is
determined by the Angle of
Attack of the Apparent

Wind

Turbine Blade Aerodynamics

Apparent Wind Blade Plane
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Angle of Attack and Blade Twist

Angle of  Pitch Angle of
Artack "\ > Attack Pitch

“

R
.,

Apparent Wind Apparent Wind
Apparent Wind Mear blade root Near blade root

Mear blade tip

Angle of
Attack Fitch

For a given wind speed For a given wind speed,
and blade pitch, the angle to maintain a constant
of attack at the blade root angle of attack along the

is higher because the tangential length of the blade, the pitch of
speed of the aerofoil is lower at the blade must be increased as it

the blade root approaches the blade root

\N






YAW SYSTEM

gear
Rotor blade

(beam elements) generator

generator
curve

pitchsystem

rotorhub
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electric motor
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The yaw drive is the name given to the mechanism used to rotate the nacelle with respect to the toweér on its

slewing bearing, in order to keep the turbine facing into the wind and to unwind the power and ather cables when
they become excessively twisted.




How does a wind turbine work?

Wind turbines convert wind energy into clean
electricity; even a small wind farm can generate
enough electricity to power over 9,000 homes.
Here’'s how a turbine works, simplified:

@ The shaft spins a series
of gears to speed up the
blades’ rotation,
converting the energy
from the wind into
mechanical power.

wWhen wind blows,
the blades lift
and rotate.

& The mechanical power
runs the generator.
In tum, the generator
begins to produce
electric currents.

@ The currents funnel toward

the bottom of the tower, where
a converter transforms them into
electricity that can be used for
homes, farms and businesses.

Source: U.S. DEPARTMENT OF ENERGY'S KAIXIN LIU/ Missourian
OFFICE OF ENERGY EFFICIENCY
AND RENEWABLE ENERGY




| he

passes over
the blades
and makes
them turn
(kinetic
energy)

is
exported to the
electricity grid

A transformer
converts the
electricity to
the right
voltage for the
local network

e The blades

turn a shaft
within the
nacelle (the
box at the top
of the turbine)

The shaft

turns a
generator
which converts
the kinetic
energy into
electrical
energy




Mechanical power conversion

Wind turbine Gearbox
rotor (optional)

Power Mechanical
conversion transmission
and control
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Power
conversion
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Electrical power conversion

Power converter Power Electrical
(optional) transformer

Power
conversion conversion transmission
and contral or distribution

@ Rotating generator converts kinetic @ Substation increases the electricity voltage for
energy of the wind into electrical energy transmission over long distances

@ Transformer increases voltage for @ Transmission of the electricity to local electricity
transmission to substation distribution companies, where it is delivered to

homes, businesses, farms, etc.
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