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Abstract

The project aims to develop the suitable operation mode of offshore
wind turbine released by NREL. The dynamic simulation that is executed by
the commercial software ADAMS is investigated by using the provided
component modules of ADAMS_AdWiMo, including blade, gear, cabin and
yaw...etc. under different wind speed, directions, pitch angle and yaw angle.
By combining the T1S1-aerodynamic loading analysis and the TIS1- stress
analysis of blade and tower, the suitable operation mode can be analyzed and
thus the proper operation mode and control strategies can be developed.
Furthermore, by combining ADAMS and MATLAB/ SIMULINK the
open-loop and closed-loop control simulation of pitch control and yaw
control can be implemented in order to evaluate the developed operation
mode and control strategies.

Meanwhile, a novel hydraulic pitch control system was developed to
deal with the offshore condition. With the characteristics of high response
and high power output, the system can easily react in different wind and
wave conditions so that we can finally present a maximum power tracking
control in our simulation. Finally, the efficiency of independent pitch control
will be verified in this study to design a proper strategy for offshore wind

turbine.

Keywords: wind turbine, pitch control, yaw control, hydraulic system,

dynamic simulation
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Goal and Schedule
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Z 1

NREL HMW B %45 %

2 4l 5 MW
g s #S AR Upwind, 3 Blades
e Variable Speed, Collective Pitch
g & ih High Speed, Multiple-stage

Gearbox
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3 m/s, 11.4 m/s, 25 m/s

6.9 rpm, 12.1 rpm

FFETENE 80 m/s
RO PRMEE S E S 5m,5° ,2.5°
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(-2.0 m, 0.0 m, 64.0 m)

(- % TR IR >

& FEEER Y PR~ B AR - M HC#(modulus of elasticity) ~ k%
#-#c(modulus of rigidity) ~ ﬁ%l ~ sr%,hf?ﬁi%] ~E o o bap i f T

2153+ 8 W & (stiffness) £ 4§ +4E(inertia) 2 *
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% 2 NRELSMW 8 i 85 % 7L

® R 87.6 m
FRpe 347,460 kg
e 38.234 m
3 AN 19

FE o LERBHDLARR > BB R 02 % 0 &3 fore-aft &

side-to-side @ (B > b cht U HE > 4oB] T FTE 0 BF 0 1 R

!
. |
. -
,h BElade flap
Z 3 |
T . |
[P |

.'|.

| Wind direction

™y Tower fore—aft

% # T Bladeedge

z Il'—x ! . . A
X Hgﬁinim%lgn

Pai
! A Tower side—to—side

.

Bl 7 35 L ARdhT & B

y(side-to-side)
A2 R

AN r

—X(fore-aft)

(R-r)cose—~ k ’%\
3
Hh e 4R
N g & Ry
2z

14



Fl* Faten 4 s SR ES I HMantE > #F AdWiMo $i 8
AR AFILWHE T 7 4 ADAMS fx# + T3> 4o 9 #77 o

Property File ¥ ;Editab\; ‘ mdids://private/tower.tbl/nrel_onshore_tower.tbb

Material ’m Number of Aercforces ’297
Num Elems Height ’3[]7 Aeradynamic Drag Coefficient ’127
Num Elems Perimeter ’3[]7 Output Stress Modes m

Num Fixed Bound. Normal Modes ’57 Qutput CRS ’ﬂ

Z Coordinate |Outer Diameter |pmm Mas:2| R on SeucE M
al ICKNess on ruc M. =]
i coips oo | |1 [sEew oo Frepend on o e ¥ gt
ElEG 573375 0.0 (2 |4182E002 0.0 Insert Row After
4 |13.14 5.62725 0.0 ERlCOhECE  bE Remove Row [0
5 |ws2 552075 0.0 |4 |3878E-002 00 _—
6 219 541425 0.0 |8 |37ME002 00
[7_|e628 530775 0.0 |6 [3613E002 0.0
(8 |3066 520125 00 |7 |3484E002 0.0
(9 |ss04 509475 0.0 |8 |3387E-002 0.0
[10 |39.42 4.98825 0.0 |9 |3233E-002 0.0
[11_|438 4.88175 0.0 |10 [3.111E-002 0.0
[12_|48.18 477525 0.0 |1 |2892E-002 00
[13_|s2.56 466875 0.0 _|[12 j287sE-002 0.0 B
|14 |s6.94 4.56225 0.0 |13 |2.76E-002 0.0
[15 [61.32 445575 00 |14 |2647E002 0.0
[16_|657 434925 0.0 |15 |2537E-002 0.0 _
e — s i o
Al >

1
el

eview?

[c

oK | Apply ‘ Cancel |

Bl 9: Tower by beam #Z2 4 E /i &
EHE? FTHRAIE
FEE P A NEN S o) §uE s FAM 0 1995 AdWiMo
ﬁﬁ‘éﬁ o B hd WEFASLRP BN P FRE R L
IR BEFPRBIEATE Yot FH4 (T 2L

% 3 : NREL5MW % ‘e 3 & 353

£ B 61.5m

TR b Pl 4.536 %

e 17,740 kg
TR e 11,776,047 kg-m2

P EE 363,231 kg'm

R 20.475m

S ALV 0.477465 %

15



B Create MNF's for the Bla de(s]

mdids://private/blade tbl/nrel_Smw_bbb

Material AdWiMo.materials.blade_ma

Number Of Parts

Number Of Modes

Number of Aeropoints

Aspect Ratio Aero

Flag Resvec

Flag | Face End

| Fac Flap
| Fac Edge

| Fac Tarsion

Mass Factor Ino j| 1.00,1.00,1.00

Output CRS | yes -
[~ Review?

Cancel |

> 4

B 11 : NRELS5MW B 7+ S @

16



(=) NREL 5SMW 184 3D # frz2 =
2 4e g LE @S

FEWTER e BT RN ; L& ki S¥c o ik

ADAMS specific 3 #4% » 3417 FAST #ic48 ¥ &+ ADAMS #c 88 F & 3R> ]

12 8 b 4 #3754 3D B & ADAMS #cfg 7 I o

S K B R 87.6 m
Ty fruphd-E JEE 1.96256 m
gk P o 3 ip SubhEE A 5.01910 m
gl P o 30 dhiE 1.912 m
SN 56,780 kg

115,926 kg- m?

240,000 kg

2,607,890 kg- m?

19m

9,028,320,000 N-m/rad

sA N2 2 Za /z‘ L 2
= ’-»‘Ilﬁ)-@m,u “;,,\_,F'_E'_}L ,

19, 160,000 N-m/(rad/s)

10 g 27 S

0.3%




Bl 12 : NREL5MW L 4% 545 3D & fe

=. NREL 3 Ak #4341 3

(—)EmB R E
B g E i d il £ k SuEcF i) ”f | BiEY N e ij.ﬁ;f]
HAR S AP RS R R R R A R
— g e > 4e@ 13.8 i B E SR IREE S 2 o7 B 13 from o

—_




AR S e

ST =T=T, T, ~T, =36, + D8, =(J, +22)d, +(D, + )4,  (3-1)
n n

2 T, B E4
T, 4;»3.1#%4 K
T, Bfd 4B
J o b £
D ENLES 8 o) L
6, B g AR B
O, BEEd R R
In HEZEs g
J, ErgEgHRE
D, B ek
D, PE PR
" E R (RR,)

U b HRE R S AR o A fra,i}l;? WEREEagER ARG 0 £ S
# 1L cndi (gm/nng), jTL;,'a P ;\;j%ﬁqﬁﬁgﬁ_ﬁgﬁa RO o

CHRIFTRRB A IEL G B

PhRAPEEFFEIREL B LA FELINERT LT AR
FREEE o RIS F AL Ao 5 RIER AL & LR R PR
ARG AR eE PR AlsTd R A A s A2 R E T
Frdlh 4 B3P R P e %%J)‘;flﬂ:"ff'ﬁ T2 P HFAGIEL B

o BETRIEERE R M o

19



B R RERREIR KT 57T

R R Rk S A E] 14

|
N Al

Fixed
displacement

pump

<
Motor
S Control
ervo .
AC sevo motor Motor le—Signal
Controller

Bl 14 Sk BT R 5 A% 1 E

BHERE FAE] ACHRIEHRF IR TR > ¥ B4 Bk
7 BRI A ND R iE o FEd dpd] PR S i i (2000 rpm) @ it 3 EF
B R od 2 AC RURS AR TRE L A R AT

AR o AC FIRG EE e f o Yo enpt 45

Q =Dw,-CR (3-2)

¥ D PERERZFHREL
C DRZSIR ik
R PR

o, tAC PR B i

AC RIS iy » TR g crt BIRE TR S

o, =K,u (3-3)

20



4 K, CRRBE R E
U TR
£ i R B 2 A5

. V >
Q =AX,+CPR +[$JF’|

e

g A iR Bda2 vk Ak
N DR RAERER 2 H R
C DR R A0S IR TRk
i CERRS
v PRR R
5 DR GO E A

(3-4)

B (B2 R (A)F AT BB f 0 £ pi Rt R o

A2\

. V »
D, 0,= A%, (G +CIR ()R

e

v

R HES - Fh o R RaER S B85

o fi= AR = 1 =M X, +BX, +Kx,

o X, DR RALH
f, DR R A 4
i PEREP
M L ERERE ERBGT
5 FERACL R IR
K i RERE S

21

(3-5)

(3-6)



~

W AIRTR R RIS I

R RS R EL

Th:thDh:APPI XLCSin¢2

» fi D a4
D, D% BF

ZT :nTh _Text _Tload :Jﬂ+dﬂ+cﬂ

7 n Dk R At R
Tou . alé SO 154

Tload : é i\“ 4 ‘/{E’

B DE YR
J DA fnpEeR R
d LNARHE 'S
c S ILERS S

WA PR G
Q= tan'l(Li )

s =L2+L2-2L, L, cos(B+d,)

22

(3-7)

(3-8)



Nlud

L.L.L

Lb | _
120 emf”

W 15 :

Servo
Motor
Controller

REEEES AL

23
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. RLREER R R B R

o SRIREER R A AR G B R R 0 7 R i) 0 R
Ryrdlomsh o A2 AR THEREL L P AR

ACEE B A e BAT 2 i e 4] B (adaptive
fuzzy controller with self-tuning fuzzy sliding-mode compensation ,
AFC-STFSMC ) & fa&-igu AP 85> 38 * f4ffe ¥ 2L o R & 3L
TR 2 RUTEETL A

CILEE L =tF 3 o FI Y XX = iyl
AET UG REF B AN R e o 2 i R
¥ adaptive fuzzy controller with self-tuning fuzzy sliding-mode

PF'

compensation (AFC-STFSMC)[19] » & 7% B 4R fEdr 4] B2k 2+ o

B - EHI‘?J)\Eﬁ"?] PRSP kB BB A A T AT

X =X, ®)
X, = X(t)

Xn;f(1)+9(1)U+d(z)
y=% (4-1)

BB R 2 B B I U

24



e(t) = x, (t) = x(t) (4-2)

U =g ()7 S, @) - T () -d(X)+%, +k, &(t)+k, &(t)]

(4-4)
2P s, (t)=St)-Dsa(St)/D) HFHT e Sl hk
PLAFBTeH SHE R kAR
CREISNEE SER RS S Y s
Property 1: As [S|>®, = |S,|=[S|-® and S, =S (4-7)
Property 2: As |S|<®, = §,=5,=0 (4 -8)

L A BT TR TS B RS Y R A A
B FEER SHR R REERMTIFBL -
B4-DN 2 L-2)N S G- Tes T E
$(t) =~ ()~ 900 u—d(x)+ %, +k, 61)+k, &) 4 -9)
#-(4-10);8N i ~(4-13); 7 F

S)+78,)=0 , 7>0 (4 -10)
A (A-1A);NF IR FtooF o et) R-€ Tar R T A
EARE R R o @ Z[50] o i F %k sz SEcRIpH A E R > $(4-10)50

25



T {RERE E o AT AR50 0 F % ik 1T 72 % (universal approximation
theorem) -
TEEBLA BSOS B2 FFL 5 L

U -d,8.a)<p |, ps0 (4 -11)

I B B 0,(S.0) FRIZELF B B RRIES

sz(S’Q)ZQTé (4-12)

d P A O B A 2 i RO 124 B (AFC-STFSMC) #1348 ey
FIBEHZAT -
uzafz(sié)+ucomp(s) (4 _13)

A WA RO, (S5,6) L kT R R R U R B

F A Bu,,,(S) 34 B+ Bu” 2 HirdI Ea6,S.a)2 £ © 3
WE(4-14)5C ~(4-7 2 (4-11)7 > B S ELA T A
S(0) +75,() = QU ~ G, (5,6) ~Upyy ()] (4 -14)

SRR Rl R ek ) Ba @ % B Rt ac

LH1:E A & > % & Lyapunov i iE S dic(candidate Lyapunov function) :

2m, (4 -15)



* ~

p=p —p » HRFLEGPREAIAFL L
1, EL ’%—t&

4-(4-15) 5% A

=
1§
i

5%  Larg, L s

7 1 (4 -16)

V(8. p) =

% |S|<® 0 Bls, =0 > HV(S,.a,p)=0
Fls|>@ > RIS, =S

#(4-14)78 &~ (4-16)7% > 7 E

. ~ o~ SZ * A~ A 1 ~ ~ 1 ~ o~
V(SAaQ:p) :_UEA+SA[U _ufz(Slg)]_SAucomp(S)+_QTg+,7_pp
1 2
SZ * * *
=_T7€A+SA[U —U5,(S, 2 ) +Ug, (S, ) -uy (S, )]

S)+1a g+ 155

m

-S,u

R |
comp —
2

SZ
S_UEA+|SA|

U - 07(8,@)|+8,[u, (S,2)) ~u,, (S, )]
1

- SAucomp (S) +£Q~Té+_ 0 /5
™ ,

S2 . 1 1 -
S—UEM[ISAIP —SAUcomp(S)—n—pp]+QT(SA(S(S)——Q)

2 m
(4 -17)
%7 V(S,.d p)<0 » AFC-STFSMC i fiy 248 B ot
a=nS,£(S) (4 -18)
Ucomp (S) = —,5U fs (4 '19)
/;5 =1, |SA| (4 -20)

B (4-18)54 2 (4-19): ety s, 2 Bl 5 a2 p B Y 50395 L dk -

27



ot o T HE(4-20)70 el 5

2

V(S,.G, 5) < 2>

(4-21)
d (4-16) 7 ~(4-19) 58 © i RS, L, 0 £ 3 - RIFEL ik -
55 (4-25)5 Rl A T @
[[sian <Y CLILDVE.0.20)

g (4-22)

¥ Aar b (4-26)58 + Bl 5 3 e 51 % Barbalat’s 3@ ¥ P
lims, =0 > %t %3V [S|<o & §@ R 48 = (asymptotically stable) » #7r 3%

Ze) i jcart & - &1 3% > AFC-STFSMC o (4-8) & = » # ¥

@@4aﬁ%ﬁ’#m& v aFEd f BRI e(4-16)5 0 T
gy 8 (4-17) 38 &7 o o R 24T O p A d i M1 P13 4o (4-18)
;% o Lyapunov & #icd & 7 i A B B 0 A i B3 AFC-STFSMC

2, 4t Btz —1 Y YR . A=
S ’«uﬁx’x v R%%GJ\‘F\E\ °

W

13\\

B 16 55 f 2 S HoR R 8t o i R R R 02 R R
SRR & e 4] 2 R -

S S, Adaptive .
@ sa‘(E)_fC“\—’ (4-22)
) ]
a
BIEASEE ettt st -
- idi ule Base Uy, + oty LAiEy=s|
O Slldmgrsurface S : M o :‘,Iln:m ML “ | O Fame
'y 4-9) | D cati ‘Engine Defuzzification I TREE%4E
____________________________ »
SIS AFC

> Compensation controller
(4-23)

+ [

SN b4 S/\ .
©- sat(E)_(j—p Adaptive law

(4-24)

B 16 £ p AN Hoe i Eeoa o 2 oI B 2k AL R

28



21 RFREEH
- "R A FTIBREBRRRPIR S
A & 2\ - MATLAB/SIimulink #722 * ¢4 sufs i 808 #03] o
Fo ok LB P R B PR T T i R A2 e ol F i
7

ﬁﬁ/ "‘G"-’? | #54 ’14‘ “ful{'f"]f*? v

»

- # 1—’{:""" ““m#:ﬁ; B > GRIIF R LS EicE > gt
ﬁ;}—i’é ﬁﬁ%«ﬁ'r’ \' ’ ﬁ;,l _ﬁ ¥ e %%’{ ﬁr} L ﬁ@\-ﬁ B ,f "f-‘.,lff? *ﬁ%‘;’&ﬁjﬁ;ﬁ
”bi*”m*&wf@’&é%ﬁﬁmWQ ﬁﬂ%ﬁ%ﬁ%

TR 5 SR o i el 0 R B %4 o

AERE S RINEE ML E R A BT 2 B PR P k2
oo R ﬁTﬁ B Ry R sz, AC PR S i ik A 5
% 200rpm ~ 300rpm ~ 400rpm & 7 B fof 2% 0 o fdk{oF % 0@ 17
?%’&1%5§ﬁﬁfﬁﬁﬁﬁmwﬁﬁﬁﬁm%ﬂ@ﬁwéyw
fie > d P SRR TR E B E AT YR B kehiF 5 0 @
TR AR

[

{m.h}
3

+ Lz

405 L RUE A REER G BT L2 B BERE P SRR A

2 5 R aRld FT LB R RERS TR &
B 5 oy~ KL B frf R
B 17(a) 200rpm 20 sec

Bl 17(b) 300rpm 20 sec

B 17(c) 400rpm 20 sec
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N
o

(@)

=
)]

pitch angle
=
o

> T —experiment
- —simulation
00 5 10 15 20
time(sec)
(b)
20
15 _
© P
(@)]
S
S10
2 A
2 g
5 = -
7 —experiment
7 —simulation
OO 5 10 15 20
time(sec)
(©)
20
15
Q
(@)]
S
S10
2 y
3 Vs
5 = .
. —experiment
ya ——simulation
% 5 10 15 20
time(sec)

Bl 17 $I35E A @i d 4 T2 B RO T %2 Y R

(a) ﬁi%l »~ 5 iZ 4@ 200rpm (b)éi%l »~ 5 243 300rpm (c)éi%l 5 iE

##& & 400rpm
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SR AFTWRBRPIR AT R RSV RS
A2 RO R SR YO U BT A - ] T

AP Dl de A TS A SR R CRE N PR oE 10 SRR E D 7

BB B RSB ER S EERERES B2 A g FREA
BIREA] s P ped| B F R TR U S T B2 B MR
Fodle A7 T BN T B2 AR R T 5 L U B
AR e

I Ry A2 gF 5N 5
Xs (t)=a, +at+at’ +at’ +a,t’ +at’ (5-1)
H

3y = Xgo

a1:Xd0

a, = %[2% — 20X = (8% +12%40 )t; =3 ( ¥y Xyt )t ]

f

a, =%[30de — 30 —(14%g +16%50 )t; +3(Kg — 2% )1

f

a =%[12xdf —12%,5 — (8% +6%gg )ty — (%40 — K4 )tf]

f
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Xgo* Kgo® Rom B PUBP PR 2 R el ~ B R e R 0~ XE Xy Xy
Xo™ Ko B g o 08 PR BPER S A R R S R °

B 5% U B AR 5

X4 (t) = Asin(0.05zt)

AL A S (- )%

UL EE 4
S L= HEPEL TSRS : SN P Ty e T
PR o & 6 5 R B S

6 BRI E S

h

Control parameters
0.008 1.0

Membership function of S [P -050 -0250 0 0.25¢0 0.50 O]

Membership function of

[—1 -06 -033 0 033 0.6 1]

u

comp

Membership function of
[-1 -06 -033 0 033 0.6 1]

AN

U1,

32



(= )BIRFE A SLEF D2 TR & T FE RS -2 i R
0 B ARB GT R hT PP - R T ARA B 5 20 45 3] 10 B
el 4

15 % ~20 B > ¥ % %4k 18
TR PR BEHCEFL T 0L R R o A DI BRS 2
FAT TR A RN o & T ZRIUTEE A SLE g R 2 SREE T

E o

FE U - L R R 2
o T RITEE A SLEPH 2 ITEEE T - TR RS £

B 5 xR P B
B 18 10 & 30 sec

B 19 15 & 30 sec
B 20 20 B 30 sec

33



(@)

20
m
o
> 15
z
9
10
@©
S
52 —
—simulation
0 . —target
0 5 10 15 20 25 30
time(sec)
(b)
0.02
ik
2.0.02
2 00s
S -0.04
S e
= -0.06 \ /\
-0.08
01 5 10 15 20 25 30
time(sec)
(©)
100
0
2 \
g
S -100
Ie]
=
-200
-300, 5 10 15 20 25 30
time(sec)
Bl 18 REe kS 2 SREE 4 T RF RO R4S 20 45 10

B PR L 30 £ 2 B %

()it iE & B %18 % Hkk B (D)4 BE & 374 (C)AC RIR 5 i f
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(@)

N
(@)

=
o

[
o

a1

pitch angle(degree)

—simulation

0 —target

0 5 10 15 20 25 30
time(sec)

(b)

0.02

il
-0.02

-0.04 \
|

error(degree)

-0.06

-0.08 \ [

05 5 10 15 20 25 30
time(sec)

()

-100

motor(rpm)
W N
o o
o o

0 5 10 15 20 25 30
time(sec)

B 19 SUFEE kL m P2 SRR A T PR - gl AR S 20 4 15

B B L 3042 RS E

()i BE & P 15 E 2 H% B (D)ITEE & 324 (C)AC RIR 5 2
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(@)

20
m
o
> 15
S
9
10
@®©
S
= 5 _ :
—simulation
0 —target
0 5 10 15 20 25 30
time(sec)
(b)
0.05
0
]
o
U’ \
S5 -0.05
: \ L
® 01
01% 5 10 15 20 25 30
time(sec)
(©)
200
0
B
g
T -200
IS]
=
-400
-6005 5 10 15 20 25 30
time(sec)
Bl 20 uREE kS 2 WM & T FF U g A2 S 20 £ 20

B HEPERT G302 HEESE
()uFsE4& P B2 3 E (b)IREE 434 (CAC PR S d i@
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(Z)FFEE 4 Sem B d 2 BREE & 1 3% FuBh 3 BRI

0 B AR S T el L U R A B 5 10 R ~ 15 A
20 & > 3 A0 F) o PR R G 40 4y 0 HER S S 4ol 21 W] 22~ @] 23
T R AR TR HERGFLTIATH 06 RP o
8 L WIRRE L EEH 2 LRI & T L U T IR AR A o

F 81 BITEE b 2

AR 2 LTE & T 32 P TR RS A

5 5 I 5%k Pty =
B 21 10 & 40 sec
B 22 15 & 40 sec
B 23 20 & 40 sec
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(@)

20 —simulation
= —target
210
(@]

(]
A=)
(]
> 0
c
]
S -10
a

-20

0 10 20 30 40
time(sec)
(b)

0.5
o
Q
o
- O
S
)

05 10 20 30 40
time(sec)
(©)
1000
500
€
=
= 0
IS)
S
-SOOV
-1000; 10 20 30 40
time(sec)

%
N

Bl 21 @ RiREE % SLE R B 2 WREE & I L P BT AR S 10 B

NS

G 40§z RS %

Y

(@)UFHE & P 578 2 % @ (D)L EE & 354 (C)AC PR G F i
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(@)

20 —simulation
—target

10

pitch angle(degree)
o

-10
-20
0 10 20 30 40
time(sec)
(b)
0.5
™
Q
o
- O
S
)
05 10 20 30 40
time(sec)
(©)
1000
500
€
=
= 0
IS)
S
-500 \/
-1000; 10 20 30 40
time(sec)

Bl 22 @ FiFEE % SLE R B 2 WREE & & 2L P BT AR S 1D R
T 5402 AR %

(@) 4 B 15 E 2 Hk B (D)W BE & 32 £ (C)AC FIR S & i
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(@)

20 —simulation
—target

10

pitch angle(degree)
o

-10
-20
0 10 20 30 40
time(sec)
(b)
0.2
(]
o
o
5 0.2
S
® .04
0.6 10 20 30 40
time(sec)
(©
1000
500
g 0
o]
© -500
S
-1000 V
-1500; 10 20 30 40
time(sec)

Bl 23 FIFEE % SLE R B 2 WREE & I 2L P BT AR 5 20 B
T 5402 AR %

(@) 4 B 15 E 2 Hk B (D)W BE & 32 £ (C)AC FIR S & i
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(2 )R UREE & SR EE & 2 404103

o~ B AR S T T B - L A ARG 10 4535 10 B Aw
s BERCDRE 12K FFOETR FE DK EHOERE R
FRESAcE 24 B 25407 0 TG EHSE R chF 4R T o H O HGEE
FEAPTG0L AP > A DES B 2 ALV et R Gk R
PIPN o HORIREE % SLE BRI 2 RER A T PR U - TR AR A -

%09 WUIEE G LT 4T BTN BT RS A

Bl 5 ﬁi%]%&;‘ﬁl REHS L b
B] 24 12 m/s 1
B 25 12 m/s 25 m/s
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thedal(deg) speed(m/s)

theda(deg)

wind speed (a)

25
20
15
10
0 1 2 3 4 5 6 7 9 10
5-order tracking control (b)
5 /
_=-"-=~.ﬂ"
0 desired
simulation
5 i
0 1 2 3 4 5 6 7 9 10
tracking error (c)
1
0.5
0 e
— — SR
-0.5
-1
0 1 2 3 4 5 6 7 9 10

Bl 24 @ $i0FE SR TR B T 2SR S S (a)gj;—] * b i

(b) WApE4 P IRE 2 R E (C) MMEELIEL
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wind speed (a)

25

20

speed(m/s)

15

10

5-order tracking control (b)

15

10 =

thedal(deg)
(62 ]

desired |
simulation

tracking error (c)

o
ol

theda(deq)
o
-

o
o

Fl 25 0 RULE AOCNEH D B T 2RSS @8~ b

(b) WApE4 P IRE 2 R E (C) MMEELIEL
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=R

AEFEASHEP R TE TR AR RpFETREREL 0 R
ADAMS L #4835 > + B~1¥ NREL5MW #t AL 7] b #5145 e 35 28 2
2 3D ¢HA] & CAD 4% - = & AdWiMo @Wmﬁg THAESTH
RO AT A2 b 4 T HCA] > %=~ 3] ADAMS ke 0 w1
ADAMS #8822 # NREL SMW e sl 2 8 fo ~ 352 *h ) 2 {845 o

JES LoD f AR EE 2 et > £ 7 # % MATLAB/
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