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Abstract

: The paper presents a speed control algorithm for a full pitch-controlled wind turbine system. Torque of

a blade generated by wind energy is a nonlinear function of wind speed, angular velocity, and pitch angle of the
blade. The design of the controller, in general, is performed by linearizing the torgue in the vicinity of the operating
point assuming the angular velocity of the blade is constant. For speed control, however, the angular velocity is no
longer a constant, so that linearization of the torque in terms of wind speed and pitch angle is impossible. In this
study, a reference pitch model is derived in terms of a wind speed, angular velocity, and pitch angle, which makes
it possible to design a controller without linearizing the nonlinear torque model of the blade. This paper also
suggests a method of designing a hydraulic control system for changing the pitch angle of the blade.

Keywords : wind turbine system, speed control, reference pitch model
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Fig. 1. Control strategy of a wind turbine system.
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o714, B @M AF cE ZE 29|, p= 37 UE,
I35 R E7)9] utAoelt} o] A& Glauertd) =237
o] 2[7]e]l Q&te] thg3} Zo] tha] XHET & )

1 VR o (1-a)
= p) o ARB fO o, sin2¢ Cr/l dA (3)
A7)A o, & FF FFRAE(LD) o9, Ar F AT 2
Mol HAET e} F40] HE HoH e FAUAFEN F
4] (Tip Speed Ratio: TSR)#} &t9 o534 Zth

P ()

@
14

NI - Atsat- NSS! =24 M7 # Ml 2 S 2001, 2

AR A BAEE BT ASC)E (DOZHE T
Fu e 2ol WAL A%E} Fau(1)9} X%
(0)9] <7t gt

CeeQ
—%- o Vo RA

f A=’ ¢ om ()

714 AE 3AYe] FHAUF (zR%)olTh

1Y 3& F4u|9) x|zt mE A4 Yo Ea
Asg Yehdoh g8e e AT gaulst
21 283 Aze} AL AT e NACAMISE
ARegon ® 1o 2 AL dehidoh 2dax ¢
2 glxo] Q¥ WA= EAE F&H] Z JAET

o 2% 321 Azl N A% NAFHL B

0.05 - - - Fitch ange|
{dogree)
‘a5’
< ——10
O ~a—15
0.03 R - - e
3

1 2 3 4 5 6 7 8 9 1 11 12
TSR

a9 3. F4ud mE EAA 4
Fig. 3. Cq vs. TSR.

2 foiE 2y

AA F214 FAYL FAHUE HEE JRHAS W
AN & o] a7HT wEkA Ao ADEr} S5
B Fe Ayow Z o) Aoyt e HgAle W
o] 714 &12}%}4

I 4 FETAANE G ALSEHE v AR TR
oAqure] yx ?éi% Ueld Zolth gurzoz

1L Ay Ad
Table 1. Resources of blade.

Items Resources
Blade section NACA 4415
Tip chord 20 mm
Root chord 100 mm
Length 460 mm
Hub Length 70  mm

Taper Ratio 0.55
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Fig. 6. Block diagram of the pitch control system.
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Table 2. Physical values of the hydraulic system.

Symbol Value
Ap 4.25(cit)
M 7.97(kg)
Vi 35.03(cr)
Be 1.4X10*(kg/cr)
Kee 0.08(cut/s)/(N/cxt)
Ka 16.60(cw/s)/V
K. V
T&Z(H m) h
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Fig 8. block diagram of the hydraulic control

system.
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Fig. 9. Unit step response of the hydraulic system.
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Fig. 10. Response of the hydraulic system to a unit
step disturbance.

ojuie] oighe] ol At & & Uk BT A
8 A= Fioll g Aage] Jd HH=E Lopr7]
A3t B HG Redx s w3t A9 19 1174 25k
ok 2golA o] S 86db, A fre 9E FEEA
TES ATt vAEna Alg g

Magnitude (dB)

o IR c ! Co
107 10° 107 10° 10 10°
Frequency (rad/s)

~
H :
& ~100F=F
2 :
3 ;
9 ~200p--3-
q '
8 .
& v ! R
ol il L . RN
103 107 107 10° 10! 10? 108
Frequency (rad/s)

3% 11, 93 tigk BREAdx,
Fig. 11. Bode plot of system from disturbance.

VA EdolM 23t
o)yt gol HAR AN H5E 47 9
ol 34 B&e 10 m/s, FASEE F5E VAY|RE



114

X3 3HEd A&He 244

Table 3. Physical parameters of a wind turbine

system.
Symbol Value

Jea 0.095 (Kg + m’)
b 0.02(N - S)

n( =%) 6
B 2
0 1.2 (Kg/m*)
Kx 0.164 (mm/degree)
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