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Forizontal-Axis Wind Turbine System Modeling using Multi-body Dynamics
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ABSTRACT

In this paper, an efficient modeling method of Horizontal-Axis Wind Turbine(HAWT) system is proposed.
Tiis method is based on representing a HAWT system as a multi-body system with several rigid bodies i.e.
rctor blade, low/high speed shaft, gear system, and generator. Also, simulation software WINSIM is developed
tc evaluate performance of wind turbine system. Simulation results show that the proposed modeling method
ard simulation software are efficient and reliable.

K:y Words : Horizontal-Axis Wind Turbine(HAWT) system, Multi-body system, Multi-body dynamics,
Simulation software WINSIM
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Fig. 1 Power transfer diagram of wind turbine system
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Table 1 Notation Used to Define the Geometrical
Relationships Between Neighboring Bodies
Notation Definition
m, mass of body B,
1, Inertia matrix of body B,
d, Location of B, attachment point to B;
7,° | Position vector of B, 's mass center
7, | Relative position vector of B, wrt B
o, Relative angular velocity vector of B,
wrt B;
2, | Absolute angular velocity vector of B,
0, 1-2-3 .Euler angle of B, -fixed wrt
B; —fixed frame
R,* Absolute position vector of B, ‘s mass
center
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Fig. 4 Double pendulum model configuration
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Table 2 Physical properties and initial conditions of

doublie pendulum system

Body No.(Ref. Body) B, B,(B;)
Location of B
Outboard Body d,=(2,0,0) End Body
my =2 m; =2
PrMafi I, =2.6667 | I, = 2.6667
operties n¢ =1(1,0,0) r°=1(1,0,0)
Initial _ _
Conditions O3 7/4 O /4
Gravity Acceleration
Remark g = 9.80665
(Constraints)  |Damper Coefficient :
c = 28.6
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=
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Fig. 5 Time history of total potential energy
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Fig. 6 Time histories of position angles
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Fig. 7 Single-rotor horizontal-axis wind turbine
system configuration
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Table 3 Physical properties and initial conditions of
single-rotor wind turbine system

Mass Initial
Body No. Properties Conditions
B, L, =0.0405| , _
(Shaft) I, = 1.3715 1
1, =1.3715
m = 65.0
B, L, =0.0987| , _
(Generator) I, = 2.8750 2
I, = 2.8750
my = 14.7 O = 0°
By, By, By | L. =30.210| gt _ o0
Blad I, = 30.1370 = 12
(Blacies) L = 0.0766] 0 = 240
Wy = Wy = O
(wqt+@y)=—Npo, (11)
W= 0= (k=3,4,5)
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3 2t FAlol g3t e
Fl =m g
Fy*=myg (12)
er:mkg+Faero (k:3,4,5)
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M,° =6, %, (13)
Mkez rkcxmkg+ rksXFaem (k:3,4,5)
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Teble 5 Design Requirement and Blade Properties

Rated Velocity 10 m/s
Rotating Speed 150 RPM
Rotor Diameter 11.0 m
Airfoil NACA 0012
Gear Ratio 10.9

(a) Lift Coaefficisnt Varlation (b} Drag Coefficient Variation
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Fig. 9 Lift and drag coefficient of NACA 0012 airfoil
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(a) Wind Velocity Profile -
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