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NOMENCLATURE

{Part of wind turbine)

A
R

=4

Ce wm o

Co
CL

Ca
Co

Ja1

- Rotor swept area perpendicular to free stream

. Blade tip radius

: Local blade radius

" Free-stream wind velocity

. Relative wind velocity at blade

. Axial interference factor

* Angular interference factor
 Number of blades

: Chord length

: Lift force
: Drag force

 Drag coefficient
: Lift coefficient

! Rotor torque

! Torque coefficient

* Power coefficient

: Distance of hub from the yawing axis
: Moment of inertia

» Damping ratio

: Gear ratio

» Moment of inertia of driving gear
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Jo2  Moment of inertia of driven gear

In : Moment of inertia of hub

Ie : Moment of inertia of generator
Jr : Moment of inertia of rotor

Is Moment of inertia of main shaft
Ny ! Number of driving gear teeth
Na * Number of driven gear teeth
Qe ' Generator torque

Greek

8 . Angle of pitch

a * Angle of attack

[ . Angle of relative wind from rotor plane
o : Air density

£ : Rotor angular velocity

or : Local solidity (%)

A : Local tip speed ratio

AR : Rotor tip speed ratio

Ao : A at operating point

& ! Pitch angle at operating point

fwt : Reference pitch angle

6, : Rotated angle of driving shaft

8, : Rotated angle of driven shaft
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wree . Reference angular velocity
We * Current angular velocity

ws ' Rated angular velocity

(Part of hydraulic system)

Ap . Area of piston

By ' Viscous damping coefficient of piston and load
Cep . External leakage coefficient of piston

Cp . Internal or cross—port leakage coefficient of piston
Cyp . Total leakage coefficient of piston

Fq . Force generated or developed by piston

Fo  External load on piston

K : Load spring constant

Kee . Total flow-pressure coefficient

Kq . Flow gain of proportional valve

M; Total mass of piston

P. : Load pressure

Qu * Load flow

Vo ! Initial volume of forward chamber

Vo . Initial volume of return chambe

Vi ¢ Volume of forward chamber

V2 : Volume of return chamber

V. . Total volume of fluid under compression in both chambers
Va : Input voltage of solenoid valve

_iv_



Xo

Be

Sn

Displacement of piston

. Effective bulk modulus

. Natural frequency

. Damping ratio



SUMMARY

Wind turbine system converts wind energy into electric energy. Since the
velocity of wind is random in nature, control of the angular velocity of the
blade is needed in order to generate high quality electric power. The control
of a blade can be divided into a stall regulation and a pitch control methods.
The stall regulation method which uses an aerodynamic stall is simple and
cheap, but it suffers from fluctuation of the resulting power. On the contrary,
pitch control method is based on the fact that the torque of the blade can be
changed by varying the pitch angle of the blade. It is mechanically and
mathematically complicated, but the control performance is better than that of
the stall regulation method.

Torque generated by the blade of a wind turbine is, however, a
non-linear function of the wind velocity, the angular velocity of the rotor and
the pitch angle. Glauert’'s theory for propellers, though wieldy used, is not
suited to simulate the performance under variable wind speed and pitch angle.
Furthermore, the numerical iteration procedure of the theory ristricts the
applicability of a real time control of the wind turbine.

This thesis suggests a method of deriving the mathematical modeling of
the wind turbine system, and a new method of modeling the torque that can
be used in a real time control. Based on Glauert’'s theory, the power

coefficient curve is estimated. In the vicinity of the operating point on the



curve, a linearized model is extracted in terms of the wind velocity, the
angular velocity and the pitch angle. A pitch control algorithm is, then,
developed using the torque model., The validity of the algorithm is demonstrated

with the results produced through sets of simulation.
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Table. 1 Resources of blade

Items Resources

Blade section NACA 415

Tip  chord 43.05 [mm)

Root chord 788 [mm])
Length(span direction) 3504 {mm)

Hub Length 70 [mm]

Taper Ratio 0.55

Twist angle 0
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Lift Coefficient (C))
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o (degree)

(a) Angle of attack vs. lift and drag coefficient
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(b) Angle of attack vs. Lift/Drag ratio

Fig. 1 Airfoil characteristics of NACA 4415

Drag Coefficient (C,)



Rotational direction
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.

Wind direction

Fig. 2 Relative flow velocities and elemental forces
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Fig. 3 Torque coefficient according to various Ag and 6
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0.00
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(a) For fixed pitch angle (8¢=5" )
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0.04
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Torque coefficient
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(b) For fixed tip speed ratio ( A¢=6.1)

Fig. 5 Torque coefficients in the vicinity of the operating point
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Fig. 6 Torque and power coefficients according to
rotor tip speed ratios when 6=5"
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Fig. 7 Valve-piston combination
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Table. 2 Physical parameters and their values of the hydraulic

control system
Symbal Yalue
A, 442 [em’]
M; 7.83 kgl
B Vi 34.29 [cm’)
B Bp 0.1 [N-cm-s]
Kee 0.0685  [(cm/s)/(N/cm*)]
Kq 16.6 [(em™/s)/V]
Be 1.4%10° [kg/cm?]
Fo 1.00 [N}
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Jr

(a) Schematic diagram

4

(b) Approximate diagram

Fig. 8 Wind turbine system
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Table. 3 Physical parameters and their values of the wind

generator system

Symbol Value
Ir 245410 (kg m’]
Is 2.753%10™ [kg.m]
Ih 79%10™ [kg.m%]
Ja 4804%10™ [kg.m“
Jaz 4804%10™ (kg.m?]
Ir 0.4 (kg.m]
I 7.282%10° (kg.m‘]
J2 4804x10™ [kg.m?]
Jea 0.004 (kg.m?)
k 6
N 72
N 12
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Fig. 9 Block diagram of hydraulic unit
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Fig. 10 Unit step response from disturbance under open loop control
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Fig. 11 Unit step response from reference input under open loop control
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