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NOMENCLATURE

* Rotor swept area perpendicular to free stream
. Area of piston

- Axial interference factor

: Angular interference factor

: Number of blades

. Viscous damping coefficient of piston and load
: Damping ratio

: Chord length

: Drag coefficient

- External leakage coefficient of piston

- Internal or cross-port leakage coefficient of piston
: Lift coefficient

: Power coefficient

: Torque coefficient

: Total leakage coefficient of piston

: Drag force

. Force generated or developed by piston

: External load on piston

¢ Distance of hub from the yawing axis

* Moment of inertia

: Moment of inertia of driving gear

: Moment of inertia of driven gear

: Moment of inertia of hub

. Rotor inertia in kg*m®

: Moment of inertia of generator

: Moment of inertia of rotor
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- Moment of inertia of main shaft
. Load spring constant

: Gear ratio

: Total flow-pressure coefficient

: Flow gain of proportional valve
. Lift force

. Stator leakage inductance
 Rotor leakage inductance

© Mutual inductance

: Total mass of piston

* Number of driving gear teeth

: Number of driven gear teeth

: Speed of rotation at pull-out in generator
* Rated speed of rotation in generator

: Speed of rotation at pull-out in motor

: Rated speed of rotation in motor
. Load pressure

: Rotor torque

. Generator torque

: Load flow

. Blade tip radius

. Local blade radius

: Pull-out torque in motor

* Rated torque in motor

: Rated torque in generator

: Pull-out torque in generator

" Initial volume of forward chamber
- Initial volume of return chambe

: Volume of forward chamber
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V2 : Volume of return chamber

V4 : Input voltage of solenoid valve

\%4 . Total volume of fluid under compression in both chambers
Vo . Free-stream wind velocity

W : Relative wind velocity at blade

Xo : Displacement of piston

a : Angle of attack

B. . Effective bulk modulus

On : Damping ratio

7 : Angle of pitch

6, . Pitch angle at operating point

0 ret : Reference pitch angle

6, : Rotated angle of driving shaft

g, * Rotated angle of driven shaft

A . Local tip speed ratio

AR  Rotor tip speed ratio

Ao : Aat operating point

o : Air density

O . Local solidity (%)

) : Angle of relative wind from rotor plane
2 * Angular velocity of the blade

Wc : Current angular velocity

ws : Rated angular velocity

wh . Natural frequency of the hydraulic system
We : Synchronous angular velocity of the generator
@ rm : Angular velocity of the generator
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SUMMARY

Wind turbine system converts wind energy into electric energy. Since the
velocity of wind is random in nature, control of the angular velocity and the
power of the system is inevitable in order to generate a high quality electric
power.

Conventional control systems are designed by linearizing the torque in the
vicinity of the operating point assumming the tip speed ratio is constant, or
by using a gain scheduling method according to the wind velocity. The
power of the wind generator system is the function of angular velocity,
torque of the blade which is the function of the tip speed ratio and pitch
angle. As a result, power is a non-linear function of pitch angle as well as
and a tip speed ratio. Futhermore, the tip speed ratio is not constant because
the wind velocity is random in nature.

This thesis presents a method of modeling the wind turbine system and
an induction generator. Besides, assumed that there are the variable pitch
type of the wind turbine system, and hydraulic actuator for changing the
pitch angle. Every detail of modeling for each component is given. The
thesis also suggests a new concept of a power control system. Instead of
linearizing the torque of a blade, a reference pitch model is drived in terms of
wind velocity, angular velocity and pitch angle, and power error. Then the
power control system is designed by using the reference pitch model.
Simulation results show that the approach can work well in the situation of

variable wind speed.



I. A4 &

FHAUAE dAAUA A FelM 2 o o] 7HF 2 A83hs o
e FAY e duAdez ztF wa dov A e AE vede
PR defeln iAo UA A zhdlol A AlF R Ajte s diFs L Aok

FALY Alade] dAAHA AoEAE vEE Fig. 1& sFA ¥4&
Ak Alo] wAE ez Aot AA AAGEHAM FEol Tt AEF

A sjde]o] Astr] At HAZAF(EA AR FAg)d o=
7172 &2 Aol FHTY. AAH S ol2d LHE AlFEa o] RE =
Ao dAz B0l AAEY AedME uvtde 2% et FA4FE &
g gtz dste ARG REH AW 23] du I 2HE FA
T2 9XE At Exol B Zztste] AAEY HEHE dojstd wHg
FTHan o Sxalol dAz EoltM BAAFIE FAHES A E A
b AL F&o) Frhatd Ala"e A A

el 28 Aoje 2E(stallAlo WA, AAA o2 YE £ U
(Viterna & 199). 1% FX Ao} %22 FAFE ojde] F5U o ) o

-

A \
Speed Power p
II§ control | control Speed control S
M | ' —> | W
E
R

Wind

> Speed

Start Cut in Cut off Shut down
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Table 1 Resources of blade

Blade section NACA 4415

Tip  chord 1845 [mm]

Root chord 3371 [mm]

Length(span direction) 1500 [mm)]

Hub Length 300 [mm]

Taper Ratio 0.55

Twist angle 0
L = CiioVo’A ()
D = Cog oVy? A @

Fig. 2& 3 Ao F_s= £x9 3 J8x EHAEE A3} & Aog v

Azko] 69 EAURA 7)Fe Fu HUAEE ALE S5 4Lyl

Hqtatiqnal
/ direction

Thrust direction

N

7
> Torque direction

rQ(1+a')

(N N A |

Wind direction

Fig. 2 Relative flow velocities and elemental forces
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Fig. 4 Power coefficient according to various tip speed ratio( Ar)
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Table 2 Physical parameters and their values of the hydraulic system

A, 4.42 [cm?]
M, 7.83 (ke]
Vi 34.3 [cm’]
B, 0.10 [N-cm-s]
Kee 0.068 [(cm?/s)/(N/cm®)]
K, 166 [(cm/s)/V]
Be 1.40x 10 [kg/cm?]
FL 1.00 [N
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Fig. 18 Flow chart for power control of wind generator system
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Table 3 Physical parameters of a wind turbine system

%+ I, 01 (kg - m)
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B 2
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