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Active Vibration Control and Reduction of Shear Force of 5SMW Wind Turbine with
the Help of Gyroscope Actuator

V. Mostafavi'™, M. Soleymani?, M. Baghaee®
! Master of Science Mechatronic Engineering, Mechanical Department, Faculty of Engineering, Arak University, Arak, Iran.
2 Associate Professor Mechanical Engineering, Mechanical Department, Faculty of Engineering, Arak University, Arak, Iran.
% PhD, Aerospace Engineering, Mechanical Department, Faculty of Engineering, Tarbiat-Modares University, Tehran, Iran.

Abstract

One of the main concerns in renewable energy technologies, such as wind turbines, is the economic cost and
cost savings associated with its construction. Reducing the vibrations of a turbine structure can attenuate the
fatigue damage caused by wind loads led to reduction in material consumption and cost. Besides, if the force
and flexural moment at the base of the structure is reduced, a smaller foundation can be used to install the
wind turbine. All of these factors have a positive impact on lowering the cost of a wind turbine. In this study,
application of gyroscopic stabilization to decrease the wind-induced vibrations in 5 mega Watt wind turbine
is studied. A valid FAST model is employed for this purpose. Moreover, two versions of the gyroscopic
actuator including a passive stabilizer and an active gyroscopic actuator has been proposed. Furthermore, a
PID controller has been designed to control the active system. The effect of gyroscope actuator on vibration,
shear force and bending moment caused by wind loads is studied via extensive simulations. It was shown
that the proposed system can reduce the decease the tip vibration, base shear and base moment by 32 percent
in active mode and 14 percent in passive mode. As a result enclosing circle of foundation reduces 5 meter.

Keywords: Wind Turbine; Gyroscope; Active Controller; Passive Controller; Vibration Control; Shear Force;
Bending Moment.
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Rotor Orientation
Configuration

Control
Drivetrain
Rotot, Hub Diameter

Hub height

Cut-In, Rated, Cut Out Wind
Speed

Cut-In, Rated Rotor Speed

Rated Tip Speed

Overhang, Shaft Till,
Precone

Rotor Mass
Nacelle Mass

Tower Mass

Coordinate Location of
Overall CM

Upwind, 3 Blades

Variable Speed, Collective
Pitch

High Speed, Multiple-Stage
Gearbox
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£/ rpm,\¥/\ rpm

A+ mis
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VVeyoee kg

Yf.,.-- kg

YEY,f5- kg

(-+/Ym, </ m, £f/- m)

* Fore-Aft Displacement
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| 1% Twer Fore-Aft IYYE- I¥VA0
Y 1* Tower Side-to-Side /FAY- Niatas
Y 1% Drivetrain Torsion N AR -/5-q¥
\l 1% Blade Asymmetric Flapwise Yaw Ridsal RidaYe
A 1% Blade Asymmetric Flapwise Pitch IFEVO IFFAF
4 1% Blade Collective Flap - /£y <Y
v 1% Blade Asymmetric Edgewise Pitch V/evay \/eVE-
A 1% Blade Asymmetric Edgewise Yaw V/-AAA V- AVY
a 2" Blade Asymmetric Flapwise Yaw V/AYYY \IgO-Y
\. 2" Blade Asymmetric Flapwise Pitch V/AYYY VIAOOA
) 2" Blade Collective Flap Y/eY-0 VA
VY 2" Tower Fore-Aft YA.-Y Y/ABA -
W 2" Tower Sidto-Side Y/AY#Y Y/Af-A

Fore-Aft Displacement —_
Side — to Side Displacement ==
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Wind Speed, m/s
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