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A Basic working principles of a wind turbine, and its anatomy
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A Some basic figures
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A Trends: the exploitation of off - shore resources

A Wind energy research atthe Politecnico di Milano

A Concluding remarks
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How itt\WorkSs s

Maxi mum theoretical aer o dy n aObO3(Betzdiniit)it’c i e n c
Aerodynamic efficiency in practice < 0.50

(plus mechanical and electrical losses)
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Gearbox«--Based Configurations::
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Dinectt--Drive Conflguratlons'

(sources : wind - energy - the - facts.org, scruss.com, windpowerengineering.com, inhabitat.com, leitwind.com)
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HybniciConceptst s

Gearbox anatomy

Double-
helix pinion

Input shaft

Intermediate
gears

Output
pinion,
helical teeth
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wind-
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rotor gears
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- (sources : wind - ene

¥38- POLITECNICO di MILANO POL} Wind/Research Lab: <%

AT Ay
EREy




Wind Energy:

Rotor diameter (m)

'10

7.5

? 15 year of operation
8/10 rated capacity (MW)
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Unique:Aspects

Some différences s with respect to aeronautical applications:
A Dimensiomss: need relatively low cost materials, large volumes

A Reliability/maintenanee ce: performance with simplicity and robustness
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Where is; thesWinddni Europe»e

500 km

Wind resources over open sea (more than 10 km offshore) for five standard heights

Wind resources’ at 50 metres above ground level for five different topographic conditions

10m 25m 50 m 100 m 200 m
ms~! Wm~2 ms~! Wm~2 ms~! Wm~2 ms~! Wm~2 ms-! Wm~?
> 8.0 > 600 > 85 > 700 >9.0 > 800 >10.0 > 1100 >11.0 > 1500
7.0-80 350-600 | 7.5-85 450-700 | 8.0-9.0 600-800 | 8.5-10.0 650-1100 | 9.5-11.0 900-1500
6.0-7.0  250-300 | 6.5-75 300-450 | 7.0-8.0 400-600 | 7.5- 85 450- 650 | 8.0- 9.5  600- 900
4560 100-250 | 5.0-65 150-300 | 55-7.0 200-400 | 6.0- 7.5 250- 450 | 6.5- 8.0  300- 600
<45 < 100 < 5.0 < 150 <55 < 200 < 6.0 < 250 < 6.5 < 300

Sheltered terrain? Open plain?® At a sea coast? Open sea® Hills and ridges®
ms~! Wm—?2 ms~! Wm~? ms-! Wm—? ms—! Wm~2 ms~! Wm~?

= 6.0 > 250 >75 > 500 =85 > 700 > 9.0 > 800 >11.5 = 1800

5.0-6.0 150-250 6.5-7.5 300-500 7.0-85 400-700 8.0-9.0 600-800 | 10.0-11.5 1200-1800
4.5-5.0 100-150 5.5-6.5 200-300 6.0-7.0 250-400 7.0-8.0 400-600 8.5-10.0 700-1200
3.5-4.5 50-100 4.5-5.5 100-200 5.0-6.0 150-250 5.5-7.0 200-400 7.0- 8.5 400- 700
<35 < 50 <45 < 100 < 5.0 < 150 <55 < 200 < 7.0 < 400
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The EnengyyMx>

A Wind energy all countries

A Different countries should aim at different energy mixes, depending
on their specific natural resources

A An integrated efficient network  enables the management of the energy
mix within each country (time of the day/season) and across borders
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