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This project carries on the research and conduct a
half-controlled converter and Z-source inverter based
wind energy transformation system. The control of
variable-speed permanent-magnet synchronous wind
turbine generator is based on integral-type sliding
mode control via backstepping approach which is
performed by a 32-bit digital signal controller. This
control strategy presents attractive features such as
robustness to parametric uncertainties of the turbine
for ensuring stability in operation regions. The wind
turbine 1s instrumented with sensors for recording
turbine operational parameters, meteorological
conditions, electrical quantities and mechanical
loads in terms of strain gauge signals. The wireless
data acquisition system will be designed and
implemented to track the blade deformation during
operation. This project also proposes Artificial
Neural Network model and Markov Models for local area
short term wind speed prediction.
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speed prediction.



B iepdps

FRREATFELR AR ATV =T
2 v

B4 3T kARl En TRl (13)

g W uE OF&UPE
% %% 1 NSC 100-2221-E-009 -134 -
HEHEF L 100 £ 08 * 01 p2 101 £ 07 * 31 p

REPBHEE hor M2 < F B eg b (47)

TR D E L BRE
P adFA

PEEE R IRE S §RE KA D ER Y

i?%%ﬁiﬁ%ﬁéﬂ,iﬁﬁQUTmW$%:
(AR Ay v @4

(A S B BB E AT R

WA REEIERTHFRLEEFL25H°

IR o e o R S S

TAFAE o @ TR A
=

E)- &7 AR A

T
i
).“.1
k2
S
y

10 * 30 p



T LS UPRPRRRRPPSRR 5
N T G B ettt e 5
- . @)E’%#' ......................................................................................................................... 6
3L T = 2 AR T 6
3.2 B 2 2 R T e 6
3.3 B 2 2 R T e 7
34 BT LB 2 AR T 7
I~ BTG ™ 72 ettt 8
41 woRAT B A B HF T 8
A2 BTG = 2L TBZE oo 8
4.2.1 MR BEREFEFTILE oottt 9
4.2.2 5| FF (Backstepping)dy ] BB 2K 25 oot 12
423 FAADEE BRI H] BT e 13
A3 BT F 2 2 TBHZE oo 15
431 MEAHEREBELIR] BB oot 15
432 REFHF T BT E e 18
A4 BT T 2 2 TBH B Hoevooeeeeeee s 19
4.1 FEFUR B I BIE B oot 19
4-4-2 FEFUR B M BAER T A D 2 F e 20
45 F 3w \«.—_?nﬁ?#’]‘%‘: ................................................................................................... 21
4521 5 BLZE B 21
B-5-2 F AR B 5 FLoiiiiieeeeeeeeeee et 21
A58 e B R B 2K 3 oot 22
T B EEIH (FRBBEIEIR) oo, 23
5.1 B g = 2 B I3 B e 23
S01 B BRZE R T 5 oo 23
502 BB E AR T oo 23
513 2 ettt 24
IR R B N OO 25
521 FBRZE T 5 et 25
500 B B T B B oo 25
52,3 B H ettt 27
5 3 T 2 2 B T3 H e 27
531 F BRI HE oo 27
5.3.2 B BR T et 28



5.3 T T et 29

54 FF 3 B 2 5 5 BI85 e 30
SAL BRI H oo 30
S B BR B et 31
R RS o OO RPRPRRRR 33

$4 2 ;gk ............................................................................................................................... 34
RFLE R P LR T3 E X FIFE P 35F s 37
BIAL B3 F 73 8 S 5 A TAZ e 39

R EHD R T AT T IR REEIE KRS T s 41



PR 2 M4

*P“ﬁi’#MP *piﬁ §w¢£Wh@%mWﬁb’&*%?%4ﬁ#ﬁ
CARNE S - St g UPER U RSy /\i‘;‘ ERRRIEAIET YT Rk FTH LR
SKW Ag e 3 £ 48 # % 32 i~y 44 §F ¥ 53 fi » A d 340 u%e
AR A2 R AL > PO b T R L D SR TG 4 BERE R
%ﬁ&&«ﬂ#égﬁ’ﬁaﬁm%#uﬂaﬂﬁ’W%£iﬁ JAR A FT ke P
BEEZET Y BRL AR RIT SRR FAIEA S ERFERT OB E TR R
PRPIRESFTHE 22- 2 3R A FT AATEFERE 2P AR Fd EYE
Foeh 4 R AT E o A SRE(ANN)Z § 2 &4 5L 2 (Markov Models):g {7
B R GEE R e IER LI

BgEs b BRI RBE R ERRRITE SRR A~ @A R TR .

This project carries on the research and conduct a half-controlled converter and Z-source inverter
based wind energy transformation system. The control of variable-speed permanent-magnet
synchronous wind turbine generator is based on integral-type sliding mode control via backstepping
approach which is performed by a 32-bit digital signal controller. This control strategy presents
attractive features such as robustness to parametric uncertainties of the turbine for ensuring stability
in operation regions. The wind turbine is instrumented with sensors for recording turbine
operational parameters, meteorological conditions, electrical quantities and mechanical loads in
terms of strain gauge signals. The wireless data acquisition system will be designed and
implemented to track the blade deformation during operation. This project also proposes Artificial

Neural Network model and Markov Models for local area short term wind speed prediction.

Keywords: wind turbine, remote sensing, Z-source inverter, sliding mode control, backstepping

control, wind speed prediction.
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"Jéﬁ—'.\,@ﬁ“ » VA g AT4] e
F AR E B ER AT

X = f(x)+ B(x)u + Af(x) (34)

= f(x)+ B()[u + Af, ()]
B oy & PR F 35 7 e st f2 3 (matched noise) o
Iaf, (x)] < p(x) -

W Af(x)=BA,(x) 2 Af, (x) & Fv i ]
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x=i,
_ R. N,
SO ==Th == (35)
1
B(x) =—
(0=-
uZVq

L R R By
X = f(x)+ B(x)u, (36)
FFHF IR FEH D ARG A AT R BASMO) ] KA Buo BRI G (sliding
surface)
o =x(t) = x(t,)~ [ [f(x,7)+ Bu, M7 37)
oA 4 P Y f=1p P 1%~ g0 gt PES=0TF % Be- B Anse R T o oo B4 F & P B0 (reaching
mode) - T LA L& PEEEA 2 o FHFHEF @ shes £ B34~ F
¢ =x(t)— f(x)—Bu, (38)
= B)[u+ 4, (0]~ Bu,
TERE N B

v = u, —u, Hif o =0 (39)
u, ,if 0=0
u, =p(x)‘z-_—‘ (40)

o

ups & TR BORE T R Rl
F1* Lyapunov{ 2 {2 323434 sm 4] B ¥k Suefg <1 > B~Lyapunov™ #83% &

V. :%02 >0 (41)
2cH £ O » BV A T #(39) ~ (40) &~ 18 5]
V. =06
(42)
= aH(uh - p(x)ﬁ) +4f, (x)} - Bub}
(e}
Bo?
=—p(x) ‘o“ + BAf, (x)o <0

i# & Lyapunov{f T 123835 » T i1 B e &k s PlisnTfE o

T

Titegral-Type SHding Moile Contral via Backstepping Approach

e, decoupled model
§of PMSM drive
1

B14-2-8 A>T EFFdl 2 f 4 AEF s E
14



43 B3 - 2 BHmER
4.3.1 "B WO BERE

R R LR E I ai PRSP I ¢ i i B0/ 45741 (Sliding mode control)
W o A BURFBREBEREE AN LA K2R E(Full Order Observer) » ¥ g - %

4 oz
S ‘f:,.‘_,—&\f'—f

x=Ax+ Bu
(4-3-1)

y=Cx
Eﬂxé%%éiwuéﬁﬂﬁ%ﬁyé}%ﬁmu%BEC§%%%*ﬁ&%@fCé%
#%(Full rank) » d &+ % 53235 5035 (C 0 A) A7 Bip| e(Observable) ] B¢ & Sieryk i # i d 0T
e P LR E TRl 2
X= AR+ Bu+L(Ci—y) (4-3-2)
B jaRplakiie® L 57 52 a0 OB #(4-3-1)2(4-3-2)tp 16 7
e=(A-LCe e=x-x (4-3-3)

PSS I T 2 Ry RALC B i € 9 5 R A e 48350 F 0 % 5 0 T v
PRIk
X = A%+ Bu+ Ksign() - y) (4-3-4)

#e » & 7‘?'%}]5{ m K & ¥ ks B %g’_f.},ﬁ_,,?l 35&\3_‘/;_ ’ﬁ%‘;(4_3_2)ﬁ(4_3_4)—1 B IR T iFg
Z2F S S R ARU ) o 5 U9 B o R Y R R gl gfﬁeﬂwﬁ,};@»,x;\] R
y=x > (4-3-4)2 "8 Bk LR B R

X = A% + Bu + Ksign(% - x) (4-3-5)
U R ARERT AR S E TS A L B AR Pl A e T

1% e
. — 0lr. _a Za
i I, _ 1, N L N L
dilig| | R ollis] || | (4-3-6)
L L]l LL

B i pm BT PFLSAAEL DT F R v s BT RFL A PRES DI TR
et ep s HRBFLA AP RIEL SF TERT LTS
e, =—A,0,sIn0,

_ (4-3-7)
e, =A,0,c080,

4 (4-3-5)  RDEFROA T BB B 2 4r 4] AR e
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RS V, I . 2 .
ali 7 0 3 A Zszgn(za—za)
21 17 R SR I Y (4-3-8)
7% I Y | 7 B ) Zsign(f, —i,)
L L L /e
Ho f 2] A A AT RIRGRE  FRRTIRGBRFELIN A
l_a:la lG{
oL (4-3-9)
by =1lp ~lp
#-(4-3-6) 22 (4-3-8)4p it 1@
R ’ | R
a[i] |77 [E] 2| |z
—|= — |t -K (4-3-10)
P 172 Y 70 78 R e
L L 1"

K enie® T o N T RIREA RARIT R @ (4-3-10) 8- 2
e, = Ksign(i,) =
o 4-3-11
e, = Ksign(iy) =z, ( )

HBY oz, 8 zp o BELEBOT R D R L A Ap B iR phF TR RIE > PR Sl

AN
“Is, 715 (4-3-12)

B9 S, 8 Sy n i Sl FI VB R RBLR] B R B LR B 0 ey T
BT REARERSGEr S=[0 O FERT o AL BHFHRE > R BRELAPFT
gk F AR

. R . _ 1, — _
SS=——(i*+i>)+—(e i —Ki sign(i
L (a L ) L( a‘a (24 g (a))
1 _ _ _ (4-3-13)
+Z(eﬂiﬂ —Kiﬁsign(iﬁ)) <0
3 K &R} ‘“E‘*“f i A8 AT MR R R 2t R R TR R RO LR R S rie g T o
(4-3-13) 7 B Sy & i B8 TR R E K ek o o R R 'L

KZmax( 2l

&) (4-3-14)
Rad @-3-1D)EFHF FHEHGRE PR R FLBERE A RS A @I F T H

FiRliEe, e, » o Ml gk B His) i # S 8™ K35 5
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H(s)=

4-3-15
s+, ( :

BY @ R A BB F TR EERG1)T R T ABER AT TWTF LR

#EQ S

A e,
0, =—tan'| = (4-3-16)
s
I M A BEREF RRIDEEEAFLLF B FF R AR P
L@
A8, = tan 1( j (4-3-17)
Coc

B A, A FNERED Qs TF A ERGRE > RS =8 GRIE, 5

— " m

ALY 4-3-18
m P ( o7 )
e PAETREEE: mlic- X 0 B(330)R » TRAF FE T S
@—d@ 4-3-19
” (4-3-19)
MR BER TR B B RIACE 4-3-1 m AR B AT e
r-r-—=—=—==—=== T T T
i
| “ |
I v i i I
ap | SMO Based |lop 12X 74 »UF; » LPF
: > PMSG Model A K
I e
I A I (Zﬂ Y
| I Position
| 205 I Computation 1 9 =14
| | Pl
- o o Angle dt
Sliding Mode Current Observer compensation
B 4-3-1 8 10 A 9 i LR E 5
200% F aEcE AN Y > DSP B B AJT B P 4t #H(4-3-8) 34T B
i (n+1) i (n KT
: =4 ;’( ) +BT . (4-3-20)
iy(n+1) iy(n)
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Ao T SRR n b3 M Ay~ B8 Z R AT

L Yo (1) o
P oL |, [stent =i, )
1 1_&]" 0 1 Vﬁ_(”) sign(iz(n) —i,(n))
L’ L
M (4-3-15) e gk B R BEAT I 4o
o(n+1)=o0(n)+2xf [i(n)—o(n)] (4-3-21)
B o(n) & ik iy A fofr i N5 B LS SRR E e

432«@kﬁ%m#v€#ﬂ—

% B H-w £ #224](Filed Oriented Control)[27]32 3% %X I # % T 4 ¢ 2Lk v g p %&’;
&N gk S LR A JRd R E L bR il B Pl T P
Pens TRk anE T ik Ao B 4-3-2 97on o

T T

Liw,

1
‘ PI

Bl 4-3-2 B T ik B2 HF

d 0 E Rt R AN PR F TR TREE TSR 432 ¢ T
AL XL RV EF R PR IR 4320 ARG AL MEEHE Y S A
RE kB TEE A B R T Ak i m AT > B 4-3-3 L A dhTonir R R PR &
S gL IR A T LV o i B B PR 4-3-4 4757 0 d B 4-3-4 i g i 2 T
ﬁkﬂﬁ"ﬁi;ﬁmﬁxg%’gl4324ﬂ434“”Lryﬂrﬁﬂr‘mbtfﬂ;f APl RE O GIH F B A
WEwd EREIERA D GGf § v B o

TL
;" * i +
- J: o iicﬂ)—_’ Lsers gl 4;%_' Js{rB e
o T T
e!_ Ar | % 4;
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w + i, |.
PI —®11; Current Loop
Bl 4-3-4 3¢ /& i B2 BUR

44 B2 BEEE

441 PPk BRI BE

AR LELBROTRRRTF PR N LT E ERTREI A BT 2 TEHES
VST

b Fl4-4-1

Vu’ =

o g

Impedance network
18 £ (zero

Bld-4-1 IFiih s B
FE bR %o B !r‘ ¢z B «ua,fizlﬁt%’*m 2 » B dw & (active vector) ~ & i F
vector) > ¥ ¢t & - B Ew (shoot-through vector) » ‘@it s £ 7 @ § L33
”b%;_a’:ggakﬁ“:#—'@%’ §ORE 0 1R R[S IR T R T F

’ ﬁbfﬁiﬁ'@ﬁ’éﬁ&,&_
e RNES

- ApF TR
2R R Ao
1-D
V=V =V = Zuy 4-4-1
c cl c2 1_2Dst de ( )
(4-4-2)

I

th=
’ T
P\E&Isfrﬁﬁlgﬂﬂﬁﬁi Dy = 2B ik 7'1:‘: BTz BB

Fl G AR FERT R
R Tyn r#HEHP 2 ERPFRF Vﬂmﬁﬁﬁﬁﬁa
V.=BV, (4-4-3)
B= ro_ 1 >1 (4-4-4)
YI_Z;I 1 2&
T
T=T,+T, (4-4-5)
PBEEBRFE OTIRMYEIYPR A B AL B2 B R e 7% BFF > ABRENT
Rz AP TR B G
v
nﬁﬂmB_? (4-4-6)
£~ B A

B oo
AR B4-42 0 4435 EFUR I RS BIE AN 0§ R0 B
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Ty2 ! Ty2
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Voltage gain(G)

% 1 [F] ] [ I T 7 08 T] 1
Modulation |ndex|M,|

Fld4-4-5 TRA F 20 B4 &M 4

xl

4-4-6 5 F B Mt 22 R RH 5 M A
45 Py e 2 BEHRH
451 s

ErRRER AR AS RS AR OREE > FRS L TRELRE 4o
Blorom 8 BT R D MBS 25 A2 (Signal Conditioning) {4 * Zigbee %3 & 2L

(Reference node)#-3 5L 4% = He i 5L 2 & AP EE 5> Zigbee £z #i- 2 (Coordinator) £ <
LR EL S d USB @ ~ § % > ™4 LabView i ¥ B GLE 7 AT 5t o BB EERE
BIEUBEEIE K AT RER S N AT NAT S EE S L RS e xkta B B L % (Energy
Harvesting)# F ¥ 2 7 L% > BEB ksl E'I T8 p Lp eho

C,"-_’_}_V Battery- Energy Harvesting.

Strain-sensor.

Signal-Conditioning.
Zighee-2.4G. N
Coordinator- ..
3 B Y "
USBey | Zighee-2.4G.
] R Reference-noder
N
Receive-site. Launch-site.
Signal. ======= Power.

452 AR R A%
Zighee .~ FBEIEHE + K A K3 F B W 24 H IR 2 R AT 2 6
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RSB o Zigbee 1 & ¥ g By o RABETHES S TR RS
H =t fzba (PR pF o Zigbee gt PEFR BESS 0 - “F“’ﬁ'ﬁ}iﬂtﬁ’?ﬁﬁ& FJoISms o @K A0% pER
5 30ms> @ {9 Zighee ¥ 4T on s R HHVidd? THhEZ A 0@ Tﬁ?ﬁi%]ﬁﬁ;ﬁ'ﬁ.@RFIDiﬁ’
wua@%£¢**A L@ (bR R RA  BREERDA ABE TR
453 R EHER
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m@uﬁﬁhﬁ@uwgi?nﬁlﬁwaou&J%mw%ﬁ@u%ﬁ&“%ﬁﬁﬁwi
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//”—_t:*$kjmguganw
BOELDH

'

Rl d
PlESRAS
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MR BN -

W,

B 4-5-2 A 6 T AR

Micro Generator
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@k * T (b)R ¥ J 5 3T
B 4-5-3 i 2B

NEBHBR IR 4-53@)EF B R 4 F T A AN B 4-530)5 f %K’]‘?‘l‘é 55
W 5 - B Board)% E A b 4 F T nf TR K T E05 0 mAE R E
LR ML RIE kAt BREREHRE AR R EFRPFR LT IHABTRET O TR
PAZMIEES AT MRS R LRI S T A L T o A K
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TS g o M RS2 Bhek iR b - & % € B (Metal block) 0 AR B T8 g P
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This technology designs a blade strain sensing and signal conditioning
HpFmm system with wireless data acquisition to computer for medium/small
power wind turbines. The sensed signal is send by reference node and
received by coordinator with Zigbee wireless technology. After
receiving signal, the Coordinator transmits to computer via USB to
achieve the blades strain remote monitoring system. Strain sensing
using strain gages convert the blades strain variation to resistance
changes. The resistance variation will be converted to a voltage signal
by Wheatstone bridge. The voltage through instrumentation amplifier
and precision sensor signal conditioner twice amplified voltage to
achieve the desired voltage range. Reference node integrates 8051
microcontroller with RF radio chip. The analog signal converts to
digital signal and sent in wireless way by reference node. This system
use Lithium battery to supply system power, and a rotating pendulum
mechanism for Energy Harvesting system is designed to charge the
battery.
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For improving the wind tunnel noise which reduces by supersonic air fluid, this study develops a

T oml

microphone array system that integrates beamforming algorithm and NI-PXI data acquisition (DAQ)
system. Using 16 channel uniform circular microphones array to measure the noise caused by the jet
propulsion system. For prove the feasibility of the microphone system, this system passed the dual
frequency test inside the Anechoic chamber and outdoor in succession. Then the system analyzes

the sound pressure level (SPL) and frequency spectrum when undergoing wind tunnel tests,

acquires SPL visualized contour of sound filed, and localize the sound sources. Furthermore, with
the improvement of the life quality, the noise induced by aero acoustic becomes one of the most

important and complicated problems of the noise control. This study develops simulation method to
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analyze noise problems. Firstly, this study will use CFD software to construct the simulation way of
wind tunnel test equipment and acoustic field. Secondly, it will simulate transient flow field and
spectrum. Both numerical result and experiment detections show that the maximum noise is at the
same location. Finally, this study purposes some candidate of strategies about noise prevention at
the noise sources to achieve the goal of wind tunnel facility noise prevention.
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For improving the wind tunnel noise which reduces by supersonic air fluid, this study develops a
microphone array system that integrates beamforming algorithm and NI-PXI data acquisition (DAQ)
system. Using 16 channel uniform circular microphones array to measure the noise caused by the jet
propulsion system. For prove the feasibility of the microphone system, this system passed the dual
frequency test inside the Anechoic chamber and outdoor in succession. Then the system analyzes
the sound pressure level (SPL) and frequency spectrum when undergoing wind tunnel tests,
acquires SPL visualized contour of sound filed, and localize the sound sources. Furthermore, with
the improvement of the life quality, the noise induced by aero acoustic becomes one of the most
important and complicated problems of the noise control. This study develops simulation method to
analyze noise problems. Firstly, this study will use CFD software to construct the simulation way of



wind tunnel test equipment and acoustic field. Secondly, it will simulate transient flow field and
spectrum. Both numerical result and experiment detections show that the maximum noise is at the
same location. Finally, this study purposes some candidate of strategies about noise prevention at
the noise sources to achieve the goal of wind tunnel facility noise prevention.
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International Workshop on Wind Energy

Wind energy is an important renewable energy resources. The design,
fabrication, testing, health monitoring, and reliability assessment of
composite wind blades, wind flow modeling, and energy control strategy
are becoming importance topics of research. This workshop aims to provide
a platform for the professionals and researchers to exchange their
experiences and related knowledge on wind energy.

Date p #: 11/15(Mon)~16(Tue)/2010 Time FFRF: 08:30~17:00

Place # 2.: Room 324 , Engineering Building 5 1 427 48 324 #RE K %
Contact: Prof. J.L. Tsai (jialin@mail.nctu.edu. tw) Tel: 03-5731608
Prof. Stone Cheng (stonecheng@mail.nctu. edu. tw) Tel: 03-5731796
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1. The 2011 IEEE International Conference on Mechatronics and Automation (ICMA

2011D)
2. The UKACC International Conference on Control 2012.
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