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Fore-aft motion

Change in relative wind speed
Change in rotor thrust
Aerodynamic damping

Significant effect on lifetime!
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e Time domain simulations: effect included

e Frequency domain calculations: effect must be added
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Extensive work on aerodynamic damping done by
 Andrew Garrad
e Martin Kihn

e Jan van der Tempel

For constant rotor speed turbines
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Assumptions:
« small angles of inflow
 high tip speed ratio
e unstalled

Result:

 Damping per blade element:
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Closed-form
Free vibration
Numerical linearization

Simplified closed-form
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e Changes in rotor thrust
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- Simplified closed-form

Van der Tempel

KUhn numerical
linearization

Kihn free vibration

Kuhn closed-form

aerodynamic damping ratio [%]
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Differences compared to constant speed.:
e Tip speed ratios
* Angels of inflow

Changes in damping due to:
e Variable rotor speed —— less damping (up to 25%)
 Drag term ——> more damping (up to 16%)

Garrad formula useful, but consider inaccuracy
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T' =220.5*dVd + 0.05 1 e, < T' = 326.5*dVd - 0.06
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dvd [m/s] dvd [m/s]

V=12 m/s V =23 m/s

Van der Tempel’s method useful, but time consuming
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o Simplified closed-form
. N, o CLa my,

gaero(vo) :Q(VO) 4M0a)n

« Van der Tempel's method
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TRF without aerodynamic damping
— TRF with aerodynamic damping
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Time domain simulation
including aerodynamic damping
Frequency domain calculation
including aerodynamic damping
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Constant speed turbines: OK
Variable speed: significant differences
Methods give good starting point

Further investigation recommended
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