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NOMENCLATURE

{Part of wind turbine)

A = Rotor swept area perpendicular to free stream
a = Axial interference factor, v/Vo

a’ = Angular interference factor, w/rQ

B = Number of blades

Co = Drag coefficient, D/ % BcoA Vﬁ

o = Lift coefficient, L/%BcpA 1%

c = Chord length

D = Drag force

h = Distance of hub from the yawing axis
I = Moment of inertia

I = Jr *Js +Jar +Jh,

Jo = Jaz +Jp

Jal = Moment of inertia of driving gear

Ja2 = Moment of inertia of driven gear

Jn = Moment of inertia of hub

Je = Moment of inertia of generator

Ir = Moment of inertia of rotor

Js = Moment of inertia of main shaft

L = Lift force
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Number of driving gear teeth

N. = Number of driven gear teeth

Q = Rotor torque (= T))

QE = Generator torque (= Ty)

R = Blade tip radius

r = Local blade radius

TSR = Rotor tip speed ratio (= 2R/Vq)

u = Wind speed through rotor plane

Vo = Free-stream wind velocity (= U)

v = Velocity induced by rotor (= Vo - u)

w = Relative wind velocity at blade

W = Local tangential wipd velocity at rotor plane
(Xo, Yo, Zo) = Coordinates distances in the reference frame
(X, Y, 2) = Coordinates distances in the hub frame
(X, v, 2) = Coordinates distances in the rotor frame
Greek

a = Angle of attack

B = Flapping angle

g = Angle of blade chord with rotor plane

6\ = Rotated angle of driving shaft

8, = Rotated angle of driven shaft

0 = Air density

@ = Angle of relative wind from rotor plane

i



= Rotor coning angle

2 = Rotor angular velocity

w = Rotational wind angular velocity
Subscripts

t = tangential component

n = normal component

{Part of hydraulic system)

A, = Area of piston, cm’

B, = Viscous damping coefficient of piston and load, N-cm-sec

Cep = External leakage coefficient of piston

Co = Internal or cross-port leakage coefficient of piston

Cw = Total leakage coefficient of piston (= Ci+(Ce/2))

Fq = Force generated or developed by piston, N

Fo = Arbitrary load force on piston, N

K = Load spring gradient, N/cm

Kee = Total flow-pressure coefficient, (cm¥/sec)/(N/em?), (= K+Cip+Ce/2)
K, = Flow gain of proportional valve, (cm’/s)/V

M, = Total mass of piston and load referred to piston, kg

P = Load pressure, kg/(cm—secz), (= P1-Py)

Qo = Load flow, cm’/sec, (= (Qi-Q2)/2)

Vo = Initial volume of forward chamber, cm’

Vi = Initial volume of return chamber, cm’

Vi = Volume of forward chamber (includes valve, connecting line, and piston
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3
volume), cm

Vu = Volume of return chamber (includes valve, connecting line, and piston
volume), cm’

Vi = Total volume of fluid under compression in both chambers, cm®
Vi = Input voltage of solenoid valve, V

X, = Displacement of piston, cm

B. = Effective bulk modulus, kg/cm®



SUMMARY

Wind-powered generator system converts wind energy into utilized electric
energy. To generate high quality electric power, even in random wind, contro! of
the angular velocity of the blade is needed. Control of the angular velocity of the
blade has been studied by wind energy researchers. It has been divided into stall
regulation type and pitch control type. Stall regulation type which uses an
acrodynamic stall is a simpler and cheaper method, but it has limited peak power.
On the contrary, pitch control type changes the pitch angle of the blade. Although
it is a more complicated mechanical system, it has studied more. Also it works at
all wind velocities. But in all the research about this system, there has heen little
svstematical study about checking the results from using pitch control in random
wind velocity situations. So, inymanufacturing an oversize wind-powered generator
system, it is difficult to prepare a working design. Therefore this research
involves finding the mathematical model of a wind-powered generator system at
various wind velocities. Results from the simulation are made. Also, for this,
optimal pitch control algorithm is used. A hydraulic controller was chosen as an
actuator for changing the pitch angle. To check the usefulness of the suggested
algorithm, o wind-powered generator was manufactured and experiments were

carried out.
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ELEVATION VIEW CROSS SECION IN
ROTOR PLANE

Fig. 2 Annular sreamtube

Z \

(a) Relative velocities at a blade element (b) Flow angles and aerodynamic forces

Fig. 3 Relative flow velocities and elemental forces
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Table. 1 Resources of blade

Items Resources
Blade section(tip/root) NA_CZ;: 15
Tip chord 34.19 mm
Root chord 17.07 mm
Length(span direction) 350 mm
Taper Ratio 05
Twist angle 16.6°
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goz Fafon, 121 Coot Cot Kol atel vhs Zom2 $ASALG. Ave #%3A
Az e ANE %2 ASaAT bt AGA A5 dsto} Yoz A Y
22 AgadR, FLe 290 29 goldd ¥az Agse 333 B4 £ s EE

2 g4zste INo2Z 4AdAT. ols 4F #5L Table 20 YERAUG.

Table. 2 Physical parameters and their values of the hydraulic control system

Symbol Value
Ap 425 [cm?)
M, 797 [ke]
A 35.03 [cm?)
B, 0.10 [N-cm-s]
Kee 0.08 [(cm*/s)/(N/cm®)]
K, 16.60 [(cm?/s)/V]
Be 1.4x 10 [kg/cm’]
FL 1.00 [N]

do AF=L o) &dA 4 (184 AAF w9 6,% T3H 60.19[rad/s]% 1.060]ch.

3. =g £ 9

Qeuso] P Fwd Axdel 2R BY &3 PAAG £330 AA dPel 74

g2y PUS JxE s Alad Ao rdg FaA
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Fig. 5 Design of wind generator system
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Table. 4 Physical parameters and their values of the wind generator system

Symbol Value
Jr 0.00284 [kg.m"]
Js 0.000407 [kg.m?]
Jn 02 (kg.m’]
Joi 0.004235 (kg.m’]
Jaz 0.0000043 (kg.m’]
I 0.4 (kg.m’]
i 0.007282 (kg.m’]
J2 0.4000043 (kg.m’]
Jea 149 (kg.m’]
K 6
Ni 72
N: 12
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Fig. 6 Operating modes of pitch control system
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Photo. 1 Overall view of the experimental units
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Table 6. Principal part of hydraulic power units

NO PART NAME STANDARD REMARK
1 HYD" TANK 60 L/T

2 ELE" MOTOR IHP x 4P X 220V x 1¢ HYUNDAI

3 HYD’" PUMP AP 100/1.2D HIDROIRMA
4 MAGNET DKS50 K/]

5 COUPUNG CR2035A JUNGANG

6 BELL HOUSING PTF 200 K/]

7 SUCTION FILTER 1/2B*150 K.S

8 THERMOMETER 0100 x0"-100"C K.S

9 PRESSURE FILTER FMP037-DHI-AZ5NYB| MP

10 CHECK V/V SH-04 SHC

11 DRAIN V/V 1/2B X 10K K.S

12 LEVEL GAGUE SH-FL-223 SHC

13 AIR BREATHER SH-AB-1163 SHC

14 RELIEF V/V AMO11 ATOS

15 PROPORTIONAL V/V VWS4D61 WANDFLUH
16 PRESSURE GAGUE $63 X 100K WIKA

17 GAGUE COCK GCT-02 YUKEN

18 HYD’ CYLINDER LB 030 X018 X 255T K/]

19 AMPLIFIER E05152D20 BOSCH

20 MANIFOLD K/]
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Output

1500 . REM

o '
19504 Pitch angle(deg(6.0))
* Wind speed(m/s)

10004

7501

500+ ¢

400 600 800 1000

sec(x0.2)

0 200

Fig. 32 System output with pitch control{wind speed:17{m/s])



1500- + RPM
8 o Pitch angle(deg(x6.0))
* Wind speed(m/s)

125010

20 A A A A A A NI

101 P_-__J
200 400 600 800 1000
sec(x0.2)

o
DFD

Fig. 33 System output with pitch control(wind speed:20[m/s])
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15004, > RPM
o Pitch angle{deg(x6.0))
* Wind speed(m/s)

12504
4
1000

&
3
7804 % 8
- G
< A

Output

500-

301

201W
T

0 200 400 600 800 1000
sec(x0.2)

Fig. 34 System output with pitch control(wind speed:20—16—20[m/s})
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1500 - o APM

o Pitch angle(deg(x6.0))

1260 1
0 4 Wind speed(m/s)

0 m

————
D’h ! Ll 1 1 1
0 200 400 600 800 1000
sec(x0.2)

Fig. 35 System output with pitch control(wind speed:16—20—16[m/s])
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15004 o RPM
8 Pitch angle(deg(x6.0))
* Wind speed(m/s)

0 200 400 600 800 1000
sec(x0.2)

Fig. 36 System output with pitch control{wind speed:16-—20[m/s])
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