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The prototype of a wind turbine tester with variable velocity patterns is
presented in this research. It was designed to adjust the various wind speeds ranging
from 0.5 m/s. to 5 m/s. which are normally found in Thailand. Then, this research
created a device to control a fan that acted as a wind source. The wind source was
adjusted to a desired wind speed at the front of wind turbine. The wind speed signals
used in this experiment include step, ramp, and harmonic signals. The PID control
theory was used to ensure that the wind at the front of the turbine would meet the
designed pattern. Test results showed that the prototype could control the desired
speed and pattern. The variations of wind speed and wind pattern are expected to help

engineers for designing a better wind turbine.
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Lift Equation L=C, ~p~%~A 2.1
L =Lift

L = Density of Air

C, = Lift Coefficient

V = Velocity of Air

A = Wing Area
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D = Drag

P = Density of Air
C, = Drag Coefficient
V = Velocity of Air

A = Wing Area
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= A A Y 3 = A A 1 IS A o
Nﬂliﬂﬂ‘l/lﬂ\i‘ml,a$ﬁ§ﬂﬁ@ﬂ1§£ﬁﬂiﬂﬁﬂﬂ’ﬂmi’lﬂﬂQVILiEJﬂ’J”Iﬂ’NﬂJLi’JGD'QIﬂiuﬁ (synchronous speed)
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o=——"—""=—Qrf)=—w (2.8)
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Tﬂﬂﬂ p ADATUIUVIVDIUDIADT
P~ R = o A Yo s
NANND f C]f\uL]JUﬂ'J'HJﬂGUENLﬁQﬂuLLagﬂ53Llﬁ‘Vﬁ]']ﬂiﬂﬂﬂalﬁlﬁﬂﬁﬁ']ﬁ']ll'ﬁﬂ
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31N 2.13 uaa99sIdlBUIAE Phasor diagram YBINBIND3 Y 3 e 1iane
o s P { 7
v azgihldnszuamanes 1 Tvaluissvesvaaiaaameinanud £ v 1 szad
] < ] U ' ' 1 J J A . dy
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(a) Equivalent circuit (b) Phasor diagram

gﬂﬁ 2.13 Per phase representation [f)¥ mﬂvlﬁfl,2549]

tiio V. wlaTama (V,, //3)
E, Air gap voltage
R AMANUMUNTUIAAIATIAADT
L, Leakage inductance UBIUADIAT AL 03
I, . Magnetizing current
I : Stator current
NS : %"mau‘iaummﬂma’mﬁmma%
L, : Magnetizing inductance

A a ) . s A ° v
mewmsmﬂﬂsmsmzamam Magnetic maqmmasmumuwz%

Ng,=L,1, (2.10)
mﬂﬂmmmﬁmﬁ w2 1dn
dg,
E =N —% (2.11)
“ odt

T [ ] ]
Wouny vannnanvaalaaamos ¢, (1) =4, sinor Tuaums (2.11) wld

E, =N,0¢, coswr (2.12)
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dloAailua rms 9214
Eag :k3f¢ag (213)
Tagh k, AoA1AN

a 4 | o Aa v v 1

15390a  (Torque) VYBANBIABTIMUIINUNADINAITYAUASHANAUISHINAUIY

g ! o - v A a s 9 4 = 3
wimanlugesomanuaumimandeundunnannnzualsmes 0115weinyunAIW59
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Felasiiaes i ldiAamandeunduiutsznin 4, dulamefitlunald limansmieni

A A 4 ] IR 1= A A a [
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aviianin1iar Tsimes lifiusede uananuEadumsnyuveelsmes (Rotor speed; @, ) 92

P [
m@ﬁuuazﬁ‘nﬁfwmﬁmmmﬁmqmiwyummﬁmmmmﬁﬂ mmﬁaﬁzmﬂmmummmmﬁa

a @ @ 3 14 = J < a .
F1nada o, NUAMN 5215903 @, EenANUIEIEal (slip speed ; o,)
o, =0, — o, (2.14)
< a (Y o 14 Y 3 a @ = 1 a A a o A
ﬂ’)ﬁJ!‘i’)’ﬁa‘]JﬂTVHﬂTiu’é)’iiJf]allacliﬂ38?]31%&’3%\11?]51&’5‘7%3Liﬂﬂ’ﬂ “ ﬁaﬂ” S Iﬂﬂllufﬂllﬂ\‘lu

SlipSpeed (2.15)

slip(s) = :
p(s) SynchronousSpeed

] a <] J 1w 3 A o 1A
s = 0 vnedludiadyl anuEilamesmnuanuEidednsie (We= w,) azlimams

]
= ] v

' ' 1 ] S 1w o ' A '
witleni vyusdnlar il Tvaa uad s = 1 A1WE T5weSNIN RS ((D,-= 0) NomBIgaTia i
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q

W, =0, —0, =50, (2.16)

2 ) A ° s A a . 2 @ o
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E =k, fslgﬁag (2.18)

Moighuaaia 15meINTINTEIONYNEANITAIBNLIU MaTlsniussuiinnudaatizne

walvitnanszualsmes (1) Aanudaal f,

E =RI +j2xf,L,1I, (2.19)
1o R : Resistance ¥931510105
L, : Leakageinductance Yoa151n05

A a é! a 1 3 A d Y <3 a
ﬂigllﬁ‘ﬂm@ﬂluﬂgWﬁ@]ﬁu?ullulﬁﬁﬂﬂWMUIilﬁﬂiﬂﬁﬂﬂ'J'liJﬁﬁﬁﬁﬂ WNAUDN ¢ag Iag
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Y A
mumuﬂmmﬂsmasm

P =3RI’ (2.20)

AUNITDINVOIANMIN (2.19) Ao £/ £, wazlFaumsi (2.13) uaz 2.18)az1a

U

E -LE- f%lr +j2rmfL, 1, 2.21)

ag
sl !
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f _fsl

< R . <
1gUN 2.13a = wunuAmIwawIn R, uag R (L) Tuaumsh 2.21)
sl sl

g 2 § * 1 o a * %
MNUURUNIADITIVRIANNTN (2.21) A28 1. uazaz lad 1ot uIueia real (E.17), WA

d' 1 1 =1 1 . 9
NYDIINDINIALTYNI air gap power Pag m1aan

P :3LR I? (2.22)

ag r-r

sl

NAAUMTN (2.22) 11ag (2.20)

P.=3L R ua P.=3RI’

ag rir
sl

Y
Electromechanical Power, P, @113 0LLd aalaaail

P =3iR,-13—3R,~1,2

P, =3R -(L—n.1
sl
P, =3R -(ﬂ) A’ (2.23a)
sl
uae
4]

3R - (@) . [f
T = sl (2.23b)
0]

r

NANMIN (2.14), (2.22), (2.232) uag (2.23b) 3216
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T, = o
em a)s
3Ly R-1
7 o=_tu (2.230)

A .
T, f® Electromagnetic Torque

9102995 Equivalent U0 2.13a wuIMsgaydeiiiosn1nanuad1unIuved Rotor

R o
2y Tugumsh 2.21)

. = Y o 9
1ag electromechanical power per phase NUAAIAIWDATIVIIANNAIUNIY [ (
sl

<3| la X {
wonuaauilu R waz R.(f —f,)/ f, nszuasiy [ MAauf Stator A® HATINUDI Magnetizing
A '

~ A4 Ay v A a
current, [, 11a¢ NILUAN Rotor, ], Tuni I,ﬂamuﬂﬁzﬂamm I 1y ampere-turn NLNAN

ASEUA rotor 954

=1 +1 (2.24)

gﬂ‘ﬁ 2.14 Phasor diagram Y94 USIAULLAY NTZUEUBY Stator [AOY m&lulﬁtl,2549]
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Phasor diagram U9IIAUUASNTSHUTUDI Stator ‘I/ll,!,ﬁﬂﬂugﬂﬂ 2.14 magnetizing (/) ¥ 1nina
= Y [ o . E ﬂ 9 o ! o o Gl Y a
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@ o <
Electromagnetic torque WNHAUWTIAUVOY air gap (E,,) L‘]J‘Lllgll power factor €, ¥9392993 Rotor

0 = tan’l(%) = tan_l(ﬂ) (2.25)
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1 1 < 1
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3 A [ Y 1 A~ ' v o a ' 2 2 o
Wuiinsunuudan Wellnszud narduanhezmaguuuimanyuu 5eu9a7
o w A 1 a d‘ 9| ~ o A 9 A o
Ui daumsmnenvessunaeutaznszud il untisnhnemvesnszua Tl uiiieni
a 9 1 < A ~ a o o 4' A = [ v o & A
AN oA UIT LI AN Ao uNaz NAN1IUIA T IR UNIZTANNFUNUT AL FINANIIVDY
nszua lflutienhegaansomdTaengiiovnveunsuiis (Fleming’s Right Hand Rule) #30ng

o
Y9UaUY (Lenz’s Law)
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i A
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lﬁut“ JLman

g1 2.16 mymisnvesnszud Iflumiienh (ngy melae,2549]

9 1

' 9 9
nnnguf lanauudniu aunsamimaama Inlihldaail

T, =k 1 sino (2.26)

8- r

Taeii
5=90"+6, (227)

A 1 .. = o Y a
0 A8 Torque angle ¥1314 magnetizing current (/) v 1ina ¢ag uag NILavIRotor (7))

é ] I~ [ ] d‘ 1 9 A 1 W
FILNUT UV ANUDY Rotor HIIAUAD phase nueli Stator, (Vb) UAUNINY
V,=E, +(R + j2nfL)I, (2.28)

Tun1590AUUY Induction motor 1AENIFLIR £, Tme (4%) vazninauny Tvaailnd 39
sl

Y
Yo A

% Y4
Wadaanudusiug laaqil

2rf,L, <R (2.29)
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9
[ Y

4 2 f L 2
ANUUAUNITN (2.25) 6. = tan"(@) = tan"(ﬂ—ﬂ”

r r sl

(227 §=90"+6, sy 90° Mmemailuaumsi (2.26) 914

1 4
) velimIndifesgud naznauns

T, =kg,l sino=kdg,1, (2.30)

NNAUNI 2.18), E, =k, f, 4, vaz aumsn@.19), E =R 1+ 2z f,L,. wilszanalag

M3 ldaumsn (2.29) 1d

RrIr + j27z-fvll‘7r1r = k3fvl¢ag

Ir :k5¢agf‘sl (231)

unumauns2.3) luaumsne.30)1dn

Ylm = k4¢ag (k5¢agf:vl) = k6¢a2g ‘fsl (232)

NAUNTN (2.29) tag (2.24)

1=+ ieannyn 0=0 (2.33)

(R + jeod,)-I,

&

m

319 2.17 Vector tiie 6, =0 [ngw 1o law,2549]
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u,ax“luﬁuﬂﬁﬁ(z.zé;)
V. = Eag +(R, +j27[ﬂ,7s)ls ~ E'ag (2.34)

unueumsiQ.13), E,, =k, f¢,, aumsi 2.34) azldn

V.=k,. f (2.35)

NANNITN (2.20) 1A (2.23a) DATITIUYDY power loss J1 Rotor N1 electromechanical output

Y
v A

<
power P uaq

%Pr — Pr — fsl (236)

Y o Ao o v o Y 9
VOAUNANTIATYINANUFTUWUTUINAY

1. Synchronous Speed (@,) amrsalasumlaslalasnisdsuainnud £ ve9 supplied

voltage V,

a1 9 d‘ = 9 [} 21.;

2. % P. (Percentage of power loss) 3¢UATHDYND [, UATUBY AIUU Tuaning Steady state,

£, limslinunu Rated

: . , : =
3. 1l f, fiAndooudn Slip, s 92iiA1ies uag motor speed (w,) ilasunilaunouily

iduasanuanud f
4. Torque 9211V Rated torque NAWA A 1Alle ¢, 9sdoaliAnIAY Rated wag V,

{ I o 1 o
waoutdsunasiludadiuny f
A 19 ¥ a T S ] 9] v

5. mimz"lﬂw Is (Motor current) (NUA1 Rated HU luanng Steady State f11 fsli]wm”ln

a 4 I o 1 Y
INY Rated 1109910 1, Wludadiulasaseny f,
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d H o
253 MSAIUANBUY Scalar YBINDINDIIHUYINN
v 9 dy ax é = [}
Tusi9plazuaaIITNI3AIVANLUY Scalar Control Methods F39:1N13AIUANDY
ax [ ax a [ [ = o 4 ~ o A
Na1875 IuaagITIZaTUIenann13 1age1feng¥MININUVINDNDITHTLENINNUNN2 tag
1 Y
mslFszvumuguanlizney daed1eilauiunilazld Voltage-fed inverters, Current-fed
inverters 40 slip power recovery control a1l l¥32 VUV Scalar control LL’SD%?]%UQNL%WW%GUHM
Y [ [ { I v g‘/ ] ?J e
wosaulsuagmsilounauduanadulihnszuaass (DO wmniu duiumMsauguUIUDIL
=S A 13 A 9 an &
weluszuumsaruauiidionas ldnaaonszuunile
1. MIMIUANLUY v/f control
I A A A 9 o [ . =
Volts/hertz constant control Lﬂu’J‘ﬁ‘ﬂuEJiﬂ“Hﬁ’1Wi‘]Jﬂﬁﬂ’mﬂ3J Induction motor A9
<3 o A o w Y
N15AIUANAINIE DY open-loop volts/hertz Aguanalugl 2.18 29v3Mase nowlidreae9s
FoanszuauuunIuAMNe (phase-controlled rectifier) laoaziiunas 1o lvihnszuaady (AC)
1 e v3e 3 wlatlowdn 11, 2995nT09NIZUAIUY LC filter 1AY six step inverter AND @ AD
o Y a v oA Y o 3 4 o ~ a . °
awsoevaziuinlnanuanuiE wemosns129UNAND slip /1 9
MIAIWANUDY Volts/hertz 92 190 521a81989 (rectifier voltage command) V.’
' ¥ , o o Y o . 2
Nadravuudrusas1vens Volts/Hertz ¥4 G MIMOuuuuilazyin 1y Air gap flux voawenos
Y Y )
w, iasznamnueadiuues V. /o, asuunsaianenIsuanieaiu stator IA1ZI9AH
o 4 o 4 A s g s
adenuAseetnsna lWinszuaasa (de machine) Woanuddun Indgudnnuiivesuomosian
d 1 % Y] 4 1 [ o 9 [
Tndgudisuny  1sIAUNIIAIUIAAIATIAINDS (stator) VLGIIGHUINTIZHUIZANATONAIIN
Y Y ' )
AUNUYDA stator NOUHLA AILUTIAUTIY V, Tegniiimad e Tdlimgunuanudumuves
4 [ I~ 1 S Aav
stator (WO IHAUINUNINANYDIFOIOINIA air gap flux (y,) l@ag torque ANNNADY load torque
A 2 [ A S d‘ o a 4 LY a
MNAUAIY slip dztNTUIUDIAURaN 1HusITanoIAS (developed torque) 1MINULTITAUD
Tvian load torque

4
1

4 A < a a = J
Lﬁ@LWllﬂ'J'liJLi'JéI'N’E]QLﬂuﬂ’J'IﬂJﬂﬁu:‘lj']uellf]\iualﬁaﬁ Rectifier voltage ﬂglsﬁl'lﬁ

£

A o J [ 1 ' 1 < . X a 4
ANIITDUAULAY ll'f')m’lf]ii]ZWWQWUiu%’Nﬂ'ﬁﬁﬂﬂ'lﬁunJLl,lllfl"fﬁﬂ (field Weakenlng) ‘3’]?\1 UINVAUDIADT

{ 4 1A (%
(developed torque) i]za@aﬂu"umxﬁﬂ‘imﬁmﬁmﬂmmﬂﬁmmm (Stator) (N UAY NIIAIURNLLIIAY
dy 4 T o U <
111U open-loop Uﬂ']iﬂi$Lﬁ’f]llﬂlﬂﬁl!ﬂﬁﬂ%'lfﬂﬁ\lﬂi&!ﬁﬁﬁ‘ﬂ (AC) !l'ﬁZﬂ'J']llﬁ?uﬂ’]uﬁﬂﬂi@iﬂﬂulﬂ@]‘
v . A & A A 9 v Y o o
GI;“H air gap flux ﬂ3$LW®3Jllﬂ%ﬁﬂ?iﬂi%LW@iJuﬁ’]iﬂiﬂﬂﬂﬁﬂullﬂﬂ1ﬂﬂ1§'1/]']ﬂ']iﬂ'3ﬂﬂillli\3ﬂullﬂﬂ

close-loop 111995 rectifier
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AC line

v

N

V/iHz G —

@,

Y

Speed Command

gﬂﬁ 2.18 Open loop volts/hertz control [Af)H IR 8168,2549]

{ @ o ' ] <3 o
Glugﬂﬁ 2.19 LlaﬂﬁﬁﬂymzﬂmﬁﬂU@ﬂl@ﬂﬂ1ili\1lla$ﬂ1§°ﬂu'JQﬂ'J'IlILi'NJﬂ!%Tﬂ\ﬂU
A~ o A A <3 a r 2 3 g . a a
NeanzaIad (@aN1) SuNuANNIEI890 @, Vwdludu q slip 9zAunsIiagaga (breakdown
4 (= ~ = 1Y) (= ~ 9 3 Y a
torque) Llﬁ$NﬂLﬁﬂiﬂ$UliJ3JLﬁﬂﬂiﬂ'lW Glu‘VﬂQLﬂEJ'JﬂUi$°U°]Ji]$llllll!,ﬁflﬂi NNDIAANIUETIDINDIAN
I g o & ' A 1 . T < . 9 [
WWuUUg AIUUTEHINNUNGEI (Acceleration) LAZNTHUINANNIEGD (Deceleration) 32ADIUSL

= a [ < 4 ] 1 a a
anudddlddeandesnuanuisuie luldlda sip Munselingaga (breakdown torque)

l
= o w v =~

o ] 1 =] [
msmuguuuulSulasinanszuaaelinmsiswazmsuiasanuE wilu il 1dasg Ui 2.19

U
Y
=

) [ 2 { a < g . 1A
dmsumsimuanuasedwuuilutug (step-up) slip azliaunvautagnszud
J A X o X o { @ {
ames (1)) awinaiuaudslaiing Fedeandesnumadeuntasainga 1 lUdigahn 2 Tlunsl
A 1 3}4 d' A [ d' d' 9y a d' 1 d' =
AUANLA torque-speed @oINUUANVDINNTUBAT AN THusITAAINAADALIN 2 DY 3
FENINYA 3 1AZ 4 NTZUAIZAAAININNVATING tazDIdnIzaugavonsItalugai 4 9 slip
AR
) @ ] a I g { [ <
dmsumsaannudd1edwuiuiu 9 (Step-down) m3inlasugarianuiull
E) [V ~ 1 ~ 1 <3 = 4 ° 1
MUFUNIINGA 1-5-6-7 Aa31N 2.19 38HINNMINUNANUGIANND TanTIZANaIdINI

< 4 @ 4 ' o @ . A 2
anuiFwemoiuazwasnu IWfhanuomesazgniloudhg DC link v1duseau DC link Minaw
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Acceieration
control
OIS
+ | i | IR |I2L..._l|..._#l.. _%
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I'. I': IIlI lll I', I|I II|I I|I
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| i, S T T Wy
5_ | i ||I |II | ]_q | III
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0707272 008
Deceieration
control

] 1/ 2.19 acceleration and deceleration characteristics [(NHY ma'le 8,2549]

2 3 A Y =

1unN3AUAUUVY Open loop UAMMFINLUA TN AsU 03010 load torque

4 o o dy o g A

Llﬁgﬂ15ﬂ‘53§!,Wd@ﬂ"llf]\ulﬂﬁﬁi]'lﬂvlwﬂigL!ﬁﬁa‘ﬂ ﬁl'lﬂ1§ﬂﬁﬂﬂlll,lﬂﬂ open loop uﬂflﬁjﬂ')'lmliﬁllﬂ'li
A @ nmy [ ~ Y

nsziouaugensululd AamnsonIuguUDY closed-loop speed control Adudadlugld 2.20 14

] 1 U o < < @ A '
UMY A1 error VoIgUdyanunnuEivziludygraniuauaIud PWM inverter 1A8HIY current-
limit controller AduaA 1131/

<KX A

M3IAIUAY volts/hertz DNITHIUIA

amsmuauaaﬂ (slip regulation) AL
{ { A { < a a * 1

Tu317 2.21 error MAAIN loop NAIVANANNIGINZ A3 19701/91989 (slip command) @], TagHIU PI
controller 1ag limiter A1 slip ©1999925WAY  speed signal @, INOH31 AWDBIIDY

(frequency command @, ) AWDB19DIVTAF1TIAUS1DY (voltage command @) TABWIU

volts/hertz function generator H5IMTIRWAUADMTFALBELTIAURANNDA 3R 81Hi0991A slip
Y a 4 @ g’/ T

nsAumunssiauoaes (developed torque) AIUUBIVIZHA IAIUTIAIWITOAIVAN torque 718 16

<3 9}& 1 o ad 1 ~ . . Y 9

MIAILANVDI loop AT IAFIANNVITNOUTN torque limit control &11150111A IasBoNIIN

L. Y~ At o "y Yo 1q ¥

stator current limit control mﬂﬂﬂ]ﬂﬁ')ﬁﬂ’liuﬂaquﬁﬂﬁi%ﬁj sensor ﬂigllﬁ'i']ﬂ']quu@ﬁlﬂfﬁﬂluﬂlu']m
< e
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! < a 4 U < 1T A
11‘!ﬂ'li!‘]JafJuLL‘l]a\iﬂ’Nmi'JES)}'NENLL‘U‘U Step up UBDIMBDIVLLIIANULIIDYNNOATS
. o v { o . 3 ' v < a
Tag slip Qﬂmﬂiﬂﬂﬂ torque qqqmmzﬁﬁmazmm slip %zﬁu’agﬂ‘u load torque $1ANU5281994

% 1 . I ' 4 1 . : 2
(") anas a1 slip naefluAlauuaznoMeI 920 1UdN122 breaking mode ¥4 1d03 11013 lunou

v
LINLLAn

Ac line

D [
-T
G

o’ - — 5
.@@—— G1 —-@@;—— G2 =

Speed I
command . !
T~

I, Limit I IC\
control '\ 2y

~

o
Tachometer

] 19 2.20 Closed-loop volts/hertz speed control [NH me'la €,2549]

Ac line

Funetion
i generator |
@’ a,’ @
- G1 -+

Speed T @ Pl al
command controller

¥

&

gﬂ‘ﬁ 2.21 Constant volts/hertz speed control with slip regulation [N me'la 8,2549]
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. Y Ay g A a <3 9 =\ '
Wnawgy Slip 1aanld error MiAAvINgUANNGID W IFRIUGUINE LA
@ ] 4 Y ' <
159AU output UBY inverter 8E1ALY MIlasuuaslugsasidiu voltsmertz o19iumgld
air gap flux 142 torque 1/asuulasniy 11@1eM light-load M5aA air gap flux 32 ¥891 14 efficiency
ddg! I = @ 1Y A v SA
avuwwszlumsaamsgadeluuny (core loss) MU copper loss aIUATDIFEUDINUNAD
)] o 9 SN 1A A~ A 2
MIABUANDIVRY flux 324189 h1duemes ilaBesnIn (unstable) WolMsNUAIUVOL load

torque LUVN U Ia

a d d
2.6 DULIDIUADT

a 4 4 A =3 1 . A Ja 3 a P
oU931A0T (Inverter) 1301380121 AC  Drives Ao ginsaiatdansoiiadnlaslunis
@ { 3 a @ o {
USulaeunuE150Uv09 3-Phase Squirrel-Cage Induction Motor 1a825mM3USULSIAULAZANND

T e audunemes

3’; =} 1 a 4 4 o ad o = } 1
UVNATIVLEIINIT V/F Control 9UNIDINDT (Inverter) BANTDLTENDNVA1DYIUTU

L4 VSD  : Variable Speed Drives
L4 VVVF : Variable Voltage Variable Frequency

o VC : Vector Control

[y o a d d
2.6.1  HANMIIMNUVDIDUNIDINDS
Aa P P o o ) { )
BUNB3INDS (Inverter) zulad lWlaszuaady (AC) anunasnes i ldndins e
H H < P P g
wazaudaan liluvnszuaase (DC) Tasr993A0UIBSIABT ( Converter Circuit ) 101U
I v A o o ~
Tnszuaaserzgnuiauilulvnszuaaduiansodsvvuiaussdunazanud ldTag99s
a 14 14 . . o dy I o A o Y A A ] @
BUB319B3 (Inverter Circuit) 2935NITIUIZUIBTHANMINMINNIa33AAY taziuNaIY
a 4 4
VDIDUNDITINDT
< '] o 4 P ' s A o o
Taona lduvasorelinszuaaduiiUaduane uaoviyavesdunesimesozll
A 1 4 3’1 v A . . o Y
JUndauuana19Ing 181 HoNIINUUGINYAI995AIUAY (Control  Circuit) NIMUINAIVAY
o 4 I'4 a 4 4 [ vAa
N13%191UYD9299TADULIDSIADILUALIIVTOUIIDIIADT 1F MU IZAUNUAN AU AVD

3-phase Induction motor
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DCIn At AC Out

Inverter

{ o ° a s 7
gﬂﬁ 2.22 UAAINANNITNINIUUDIDUNIDIINDT [http://www.stcontrol.com]

d d
262 JIassasrumeluvesounasines
a J A =) . . . o Y %
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{ Y [ I Y 4
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a 4 4 . a 4 [I=N-9) Y]
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< A Y 9 o 1 14 o
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INVERTER

AL moToR

51 2.23 uaasInssadreneluvesdunesines (Inverter) [http://ap-machinery.com]

o o a s s = ] FY 9 Y 9
A29619NMIUV0I0UNBTIADS (Inverter) NWDIHY 1A TutTogiin 1dun n1s 14
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‘]Jﬁ 2.24 1AAINTEUIUMIINNUVEID U MBS [http://ap-machinery.com]
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N :(120f)-(1—S) (2.37)
P
o N . auB139U (RPM)
f : mm?; (Hz)
P : ﬁﬁmm‘?ﬁ

-5y : Slumenfitmualaelnan

9 ) 1 Y H o H < o Y 4
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3 { vy T A o { { ] 9 { ° Y a v o
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o 9 a o dy
aansom ldvareIsaail
1. 3utlsvmnaussauved 1ase (PAM : Pulse Amplitude Modulation)
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I
® 1y Square Wave
< .
® (ilu Sine Wave
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Tasuanaz sz lvinananousmosAIn15199 2.1



42

~ A @ a J J A an A @
ATNN 2.1 miuJafmmumuimumaaaumaimammmmniﬂmﬁmmﬂigﬂﬂaummmmu

— 35 o 3 3 " -
ABauau ANUDMI(UTIAUA) AMUDFIUTIAUF) AU
ax =S 4
WPAMPulse | | - @eomesiun
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M13°199 2.4 A1) 3MIUSVQUUDY Ziegler—Nichols

Control Type K, K, K,
P 050K, - -
PI 045K, 12K,/ P, -
o, 120
PID 0.60K, 2K,/ P, K, n =60x—=—"—Ff
T P

U
2.10 @y 18 PWM (Pulse width modulation)
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2.10.3 Myadadaya e PWM A3el1lsunsy LabVIEW
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M15197 3.1 YoyamAliaveINARNINANIUULDIAGS TUATI Model : VFD-3122

Model [Impeller Motor CMM| SP Dimension

mm. | HP | RPM \Y mmWG | A B C D E

VFD-3122 280 | 1/2| 2800 220/380| 42 22 300 400 368 250 280
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4 o s U o . 4
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517 3.4 Inverter 80 POWTRAN Ju PI8600

u

[http://www.electricmotorshop.co.uk]
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| fouree Drive LIl 1+24viCOM
| L4 —1<21 PLC | doesn't share the |
L A)iagy | SAMeE earthing .
I y— -3

VR

P2
i
o

Disconpect 0-+10V  DC
Shorted 0-20mA  DC  ( Default)

i

DC
¢ Defsult)

Disconnect 0~/ 10V
Shorted 0-20mA DC

=1

2-3 shorted ( Defauit)

If| > 3 pasv o-10v DC
8 2
o] 1 ]

DAIC 0~20mADC  E(PE) A

2-3 shorted (Defauit) DAZ
3] pazv 0-10v DC
7 J 122 shorted :

DAZC 0-20mADC E(PE) L

Short-circuit As theterminal(Default))

DA1

GND
1-2 shorted

GND
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Analog Output DA2
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517 3.5 Diagram Ao 19911 Inverter 90 POWTRAN 1 PI8600
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Monitor Select 1 Numerical Display [Forward Indication Light Reverse Lndication Light Alarm Indication Data Unit Prompt Light
* display the corresponding values of the * ON: forward indication f* ON: reverse indication Light *composed of three indication lights, located
function under query status * OFF: not forward indication | ¥ OFF: not reverse indication | |* ON: faulty on the right side of the LED digital
* display fault code under fault condition * FLASH: forward accelerating| ¥ FLASH: reverse accelerating |* OFF: good tube, Display status corresponding to the six
* display the object set byA00 monitor * FLASH: previous | |units, indicate the unit of the parameters
select while running ‘ fault was not displayed by LED.
| confirmed *the correspondence i1s as following:
| UNIT UNIT UNIT UNIT
Positive And Negative Sign Indication Light | e O e B e O [ O
* just for monitor select ‘ % % —l % —‘ % —‘
\\ F}llD REL/ AL(A\ﬁ/I %A O Il:A O |I:A M LA O
O D S =

C

\\.\ 6 i Ld Lpgd Lpgd Lim
Parameter Setting/Shift Key 2 n n ’—, |'Q 2 Eif Hz A v
* start to change parameter \ 'C‘Zﬁ/ Ay UNIT UNIT UNIT
* Functions value adjustments U U U L% ke Q—‘ rte DW e H—I
. v % % -
g L

Modification bit -0 t %L
= A< A [Jc A<
TNy, ! QJ LE =t
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Signal, Signal,
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case structural
1 prototyping of a wind turbine tester +honeycomb
) prototyping of a wind turbine tester +honeycomb+nozzle,
3 prototyping of a wind turbine tester +honeycomb +nozzle,
4 prototyping of a wind turbine tester +2honeycomb+nozzle,
5 prototyping of a wind turbine tester
6 prototyping of a wind turbine tester +nozzle,
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371 giupuanuSlandgyanamuutuiule (Step Signals)
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sunuvvesdyanavutiule mavdaslunnu X Aearvesdar Gui) uazmnudasluunu Y Ao

aaeansaau (Tad) Taglamuuanensunldae

iflt>=0 && t<=5)
y=0.8;

if(t>5 && t<=24)
y=1.65;

iflt>24 && t<=45)
y=4.8,

if(t>45 && t<=57)
=2

if(t>57)

y=0;

diommssuTlsunsumulendudanarn 1 ldsluuvesdyapamunaaslugl

Voltage (Volt}
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372 lnuuanSIandyaNauUANNTHAIN (Ramp Signals)
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if(t=0 & & t<=45)
y=(5/45)*t ;
if(t>45)

y=5;
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M15AIA IudIUVD9 Block Simulate Signal

Signal Type sine wave
Frequency 0.01
Phase 0
Amplitude 2

Offset 2.5
Sampling per second (Hz) 100
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13.30

Voltage (Volt)

1 1 1 1 1 1 1 1 1 1
300 350 400 450 500 550 600 650 700 750
Time (s)
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Simulate Signal

Offset - "

Frequency — : L

Amplitude — . @‘4
Phase — e

error in (no error) . . ’ error out
Reset Signal = t1 | Simulate Signal
Duty Cycle (3%) - Square b pocxmn S0 jare
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Formula Mode operatore, lowest precedence first:
assignment =

condiional 7:

logical ORI logical AMD &k

relational === 3 ¢ 3= 4=
arthretic + - F 47
unary + -1

Formula Hode functions:

abs acos acosh asin asinh atan atanh cel

cos cosh cot csc exp expml floor getesp getman
int intrz In Ihpl log log2 max min med rand

rem sec sign sin sinc sinh sgrt tan tanh

=[5]2]4] vl 4

51 3.32 WadFua199 711910 Formula Node [nuAT3,2548]

wenmileninmadsuaumsnadiamani 18 Taena 1l 51daensaden
Tdsunsuludnyazved Logic Jaonale AIvg1asy §1999n5 Logic

#1x 10 0 uda 1 y = sin(x) it y = x+2 sransadeuiiu Logic
Formula Node llﬁlﬁdJu

y = (x>=0)? Sin(x): x+2;

y=(n>=0)7sinfx x+2;

AtiHe Fruamsa
nBL k

& ! 7 o <
Tae 2 92134 Condition Operator THYMZANIUMINKEY 2 3211 TRUE Condition
7a A < . ' . I3 ° v
HAZWAUNAIMIATOIMUIY colon : 32111 FALSE Condition @91 semicolon(;) itlumsmvuala
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n-dimension array 1))+ 0
index 0 i element or subarray

H e
index n-1 =04

‘Aney Elements|
|
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Chanel a00
Max voltage 5 volt
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4.3.2  Prototyping of a wind turbine tester + Honeycomb + Nozzle,
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4.3.3  Prototyping of a wind turbine tester + Honeycomb + Nozzle,
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4.3.4  Prototyping of a wind turbine tester + 2Honeycomb + Nozzle,
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4.3.5 Prototyping of a wind turbine tester

Y 9
v X [

v
101U 19879 1451115009 Nozzle, 1azyaTIHINg 2 gABDN HIN15NAA0A
[ o J a o A < 9 o = Y A (%
IANTINNULIIAN WU INIAUNITNIEINYAING mmmmama@ﬂwmmmaﬂuwmﬂﬂammﬂu
A a < A a v o o A 1 = ~ s 9
unnngea %$3Jﬂ156@161\‘lﬂl’i)ﬂﬂ]ﬁJLi’JﬂM‘V]‘UﬁL’Jﬂ!ﬂa1FJGUENGHJ‘Wﬂﬂ\iﬂﬂﬁh%ﬂ?ﬂ’ﬂhﬂgﬂl‘w&lﬂmﬂuE]fJ

A dy a 4 = < Y o < a A 9
UHONMUUDITINUUTLIUUNULINATIVUDIUDINDT Qllﬂ?ﬂ'l"lllﬁ'lallelﬂﬁlﬂﬂﬂﬂﬂﬂ?1lll§3ﬁllﬂ5l')m@u@]flﬂ

aaaaaluzin 4.8

4
*— 10 Hz
v— 20 Hz
—=— 30 Hz
3 - —o— 40 Hz
4+— 50 Hz
2
2 2
g Vv vvvv Vv
2
>
1_ .................. ........
0 T T T T
220 0 20 40

Position of measurement (cm)

{ v o J 1 o ] v W < A =
gﬂﬁ 4.8 ﬂi’W\IL!ﬁﬂ\‘]ﬂ'ﬁ’lMﬁNWU‘ﬁigW'J'I\WHLLWUQﬂ’li'ﬁ@ﬂﬂﬂ'ﬂmﬁ'ﬁauﬂﬂﬂ’lﬂﬂ 10, 20, 30, 40

1Az 50 Hz. $115u1asaa51auns 0@ uuuuniain 5



4.3.6  Prototyping of a wind turbine tester + nozzle,
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-18 0.6 0.7 0.65 1.2 1.3 1.25 1.8 1.8 1.8 2.2 2 2.1 2.4 2.2 2.3
-16 0.8 0.9 0.85 1.5 1.5 1.5 2 2.1 2.05 2.5 2.3 2.4 2.9 2.8 2.85
-14 1 1 1 1.6 1.7 1.65 2.2 2.3 2.25 2.9 2.8 2.85 3.4 3.3 3.35
-12 1 1 1 1.8 1.8 1.8 2.5 2.5 2.5 3.1 3 3.05 3.8 3.8 3.8
-10 1.1 1.1 1.1 1.9 1.9 1.9 2.5 2.6 2.55 3.2 3.2 3.2 3.8 3.9 3.85
-8 1.1 1.1 1.1 1.9 1.8 1.85 2.6 2.5 2.55 3.2 3.3 3.25 3.8 3.9 3.85
-6 1.1 1 1.05 1.8 1.8 1.8 2.5 2.5 2.5 3.1 3.2 3.15 3.6 3.8 3.7
-4 1.1 1 1.05 1.7 1.7 1.7 2.3 2.3 2.3 2.8 2.9 2.85 3.4 3.6 3.5
-2 1 1 1 1.7 1.7 1.7 2.2 2.2 2.2 2.8 2.8 2.8 3.3 3.4 3.35
0 0.9 1 0.95 1.6 1.6 1.6 2.1 2.1 2.1 2.7 2.8 2.75 3.1 3.1 3.1
2 0.9 0.9 0.9 1.6 1.6 1.6 2.1 2.1 2.1 2.7 2.7 2.7 3.1 3.1 3.1
4 0.9 0.9 0.9 1.6 1.6 1.6 2.1 2.1 2.1 2.8 2.7 2.75 3.3 3.1 3.2
6 1 1 1 1.7 1.7 1.7 2.2 2.2 2.2 2.7 2.8 2.75 3.3 3.4 3.35
8 1 1 1 1.7 1.7 1.7 2.3 2.3 2.3 2.9 3 2.95 3.5 3.5 3.5
10 1 1 1 1.7 1.7 1.7 2.4 2.4 2.4 3.1 3 3.05 3.5 3.5 3.5
12 1 1 1 1.8 1.7 1.75 2.4 2.4 2.4 3 3.1 3.05 3.6 3.6 3.6
14 1 0.9 0.95 1.7 1.7 1.7 2.3 2.3 2.3 2.9 2.9 2.9 3.5 3.4 3.45
16 0.9 0.7 0.8 1.5 1.6 1.55 2.1 2.1 2.1 2.7 2.6 2.65 3.1 3 3.05
18 0.8 0.6 0.7 1.4 1.4 1.4 1.8 1.8 1.8 2.2 2.3 2.25 2.7 2.6 2.65
20 0 0 0 1.2 1.3 1.25 1.6 1.6 1.6 1.9 1.9 1.9 2.2 2.1 2.15
22 0 0] 0 0.8 1 0.9 1.3 1.3 1.3 1.6 1.6 1.6 1.8 1.8 1.8
24 0 0 0 0.7 0.8 0.75 1.2 1 1.1 1.2 1.1 1.15 1.4 1.4 1.4
26 0 0 0 0 0 0 0.8 0.8 0.8 0.9 0.9 0.9 1.1 1 1.05




~ 1 3 ~ A 9w Y} A Y A A
AT NN .2 LFAIATAINTIANNAIND 10,20,30,40 Liag 50 Hz. ﬁ?ﬂﬁﬂiﬂiﬂﬁi%‘lmi@\‘mulmﬂﬂﬁilﬁ/l 2

mmi‘i'/swz 10 Hz. 20 Hz. 30 Hz. 40 Hz. 50 Hz.

a5 1 | m%on 2 avg a5 1 | m%on 2 avg a5 1 | m%on 2 avg a5 1 | m%on 2 avg a5 1 | m%on 2 avg
-26 0.8 0.8 0.8 1.6 1.5 1.55 2 2.1 2.05 2.7 2.8 2.75 3.9 3.7 3.8
-24 0.9 1 0.95 1.7 1.7 1.7 2.2 2.2 2.2 3 3.2 3.1 4.4 4.1 4.25
-22 1 1.1 1.05 1.8 1.8 1.8 2.8 2.7 2.75 3.9 3.2 3.55 4.7 4.2 4.45
-20 1.1 1.2 1.15 1.8 1.9 1.85 3 2.6 2.8 4 3.8 3.9 4.7 4.7 4.7
-18 1.1 1.2 1.15 2 2.1 2.05 3.1 2.8 2.95 3.9 3.7 3.8 4.8 4.8 4.8
-16 1 1.1 1.05 2 2.1 2.05 3.2 2.9 3.05 4.1 3.7 3.9 4.8 4.8 4.8
-14 1 1.1 1.05 2.1 2 2.05 2.9 3 2.95 3.6 3.8 3.7 4.6 4.6 4.6
-12 1.1 1.1 1.1 2 2 2 3 2.8 2.9 3.8 3.5 3.65 4.7 4.6 4.65
-10 1 1.1 1.05 1 1.9 1.45 2.8 2.8 2.8 3.7 3.3 3.5 4.3 4.1 4.2
-8 1 1.1 1.05 1.8 1.8 1.8 2.7 2.7 2.7 3.5 3 3.25 3.8 3.9 3.85
-6 1 1.1 1.05 1.7 1.7 1.7 2.4 2.5 2.45 3 2.9 2.95 3.8 3.8 3.8
-4 0.9 1 0.95 1.7 1.6 1.65 2.2 2.2 2.2 2.8 2.6 2.7 3.2 3.2 3.2
-2 0.8 1 0.9 1.6 1.6 1.6 1.9 2.1 2 2.7 2.4 2.55 2.4 3 2.7
0 0.9 0.9 0.9 1.5 1.5 1.5 1.9 2 1.95 2.3 2.3 2.3 2.6 2.8 2.7
2 0.8 0.8 0.8 1.5 1.5 1.5 2 1.9 1.95 2.4 2.3 2.35 2.7 2.7 2.7
4 0.9 1 0.95 1.6 1.6 1.6 2.2 2 2.1 2.6 2.4 2.5 2.9 3 2.95
6 0.9 1 0.95 1.6 1.6 1.6 2.4 2.2 2.3 2.9 2.7 2.8 3.1 3.2 3.15
8 1 1 1 1.7 1.7 1.7 2.5 2.3 2.4 3.2 2.9 3.05 3.5 3.5 3.5
10 1 1.1 1.05 1.8 1.8 1.8 2.7 2.4 2.55 3.2 3.3 3.25 3.9 4 3.95
12 1 1.2 1.1 1.8 1.9 1.85 2.8 2.5 2.65 3.6 3.5 3.55 4.1 4 4.05
14 1.1 1.2 1.15 2 1.9 1.95 2.6 2.7 2.65 3.5 3.4 3.45 4.3 4.3 4.3
16 1.1 1.2 1.15 2 1.9 1.95 2.6 2.7 2.65 3.3 3.6 3.45 4.2 4 4.1
18 1.1 1.1 1.1 1.8 1.9 1.85 2.8 2.8 2.8 3.1 3.6 3.35 4 4.2 4.1
20 1.1 1.1 1.1 1.8 1.8 1.8 2.6 2.7 2.65 3.3 3 3.15 3.9 4 3.95
22 1 1 1 1.8 1.7 1.75 2.2 2.4 2.3 2.7 3.1 2.9 3.5 3.5 3.5
24 0.9 1 0.95 1.6 1.6 1.6 2 2 2 2.5 2.3 2.4 3.2 3.4 3.3
26 0.8 0.9 0.85 1.5 1.5 1.5 1.8 1.7 1.75 2.1 2.2 2.15 2.9 2.8 2.85




A 1 3 ~ = 9w Y} A Y A A
AT N .3 LFAIATAINTIANNAIND 10,20,30,40 Liag 50 Hz. ﬁ?ﬂﬁﬂiﬂiﬂﬁi%‘lmi@\‘mulmﬂﬂﬁilﬁ/l 3

m'mﬁ'/szﬂx 10 Hz. 20 Hz. 30 Hz. 40 Hz. 50 Hz.

a5 1 | m%n 2 avg a5 1 | m%on 2 avg A%l 1 | a%on 2 avg a5 1 | m%n 2 avg a5 1 | m%on 2 avg
-26 0.7 0.7 0.7 1.4 1.6 1.5 1.7 1.6 1.65 1.9 1.8 1.85 1.9 1.8 1.85
-24 0.8 0.8 0.8 1.6 1.8 1.7 2 1.8 1.9 2 2.1 2.05 2.1 2.3 2.2

-22 1 0.8 0.9 1.8 1.9 1.85 2.5 2.1 2.3 2.5 2.5 2.5 3.1 2.9 3
-20 1 1 1 2 2 2 2.6 2.4 2.5 3 3 3 3.7 3.5 3.6
-18 1.1 1.1 1.1 2.2 2.1 2.15 2.8 2.6 2.7 3.7 3.5 3.6 4.4 4.3 4.35
-16 1.1 1.2 1.15 2.1 2.2 2.15 3 2.9 2.95 3.9 3.7 3.8 4.7 4.6 4.65
-14 1.1 1.2 1.15 2.1 2.2 2.15 2.9 2.8 2.85 3.8 3.9 3.85 4.8 4.7 4.75
-12 1.1 1.1 1.1 2 2.1 2.05 2.7 2.8 2.75 3.7 3.7 3.7 4.7 4.6 4.65
-10 1.1 1.1 1.1 1.9 2 1.95 2.5 2.5 2.5 3.6 3.7 3.65 4.3 4.6 4.45
-8 1 1 1 1.7 1.9 1.8 2.3 2.5 2.4 3.4 3.2 3.3 4.3 4.1 4.2
-6 0.9 1 0.95 1.7 1.8 1.75 2.1 2.3 2.2 3.1 3 3.05 3.8 3.7 3.75
-4 0.9 0.9 0.9 1.6 1.6 1.6 1.9 2.1 2 2.7 2.8 2.75 3.1 3.3 3.2

-2 0.9 0.9 0.9 1.5 1.5 1.5 1.8 1.9 1.85 2.7 2.4 2.55 2.9 3.1 3
0 0.8 0.8 0.8 1.4 1.5 1.45 1.7 1.8 1.75 2.4 2.3 2.35 2.8 2.7 2.75
2 0.8 0.8 0.8 1.3 1.4 1.35 1.7 1.7 1.7 2.2 2.1 2.15 2.3 2.4 2.35
4 0.8 0.8 0.8 1.3 1.3 1.3 1.8 1.8 1.8 2.1 2.1 2.1 2.4 2.5 2.45
6 0.9 0.8 0.85 1.4 1.4 1.4 1.9 1.7 1.8 2.2 2.2 2.2 2.8 2.7 2.75
8 0.9 0.9 0.9 1.4 1.4 1.4 2 1.9 1.95 2.5 2.4 2.45 3.1 3 3.05

10 0.9 0.9 0.9 1.5 1.5 1.5 2.1 2 2.05 2.8 2.8 2.8 3.5 3.7 3.6
12 1 1 1 1.6 1.7 1.65 2.3 2.4 2.35 3.2 3.2 3.2 3.8 4 3.9
14 1 1 1 1.7 1.8 1.75 2.6 2.8 2.7 3.5 3.2 3.35 4.4 4.3 4.35
16 1.1 1.1 1.1 1.8 1.9 1.85 2.7 2.9 2.8 3.7 3.5 3.6 4.6 4.6 4.6
18 1.1 1.2 1.15 1.9 2 1.95 3 3 3 4 3.8 3.9 4.9 4.9 4.9
20 1.1 1.2 1.15 2.1 2.2 2.15 3 3.1 3.05 4 4 4 4.8 5 4.9
22 1.1 1.1 1.1 2.1 2.2 2.15 2.9 2.9 2.9 3.9 4 3.95 4.6 4.6 4.6
24 0.9 1.1 1 2.1 2.2 2.15 2.6 2.8 2.7 3.5 3.5 3.5 4.1 4.1 4.1
26 0.8 1 0.9 1.8 2 1.9 2.3 2.4 2.35 2.9 3.2 3.05 3.4 3.3 3.35




~ 1 3 ~ A 9w Y} A Y A A
AT NN A.4 LFAIATANNTIANNAIND 10,20,30,40 Liag 50 Hz. ﬁ?ﬂﬁﬂiﬂiﬂﬁi%‘lmi@\‘mulmﬂﬂﬁilﬁ/l 4

m'mz‘i'/s:ﬂx 10 Hz. 20 Hz. 30 Hz. 40 Hz 50 Hz.

Asot A% 2 avg a5 1 | m%on 2 avg A% 1 | a%on 2 avg a5 1 | m%n 2 avg a5 1 | m%n 2 avg
-26 0 0 0] 0 0 0 0 0 0 0 0 0 0 0 0
-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-22 0 0 0] 0 0 0 0 0 0 0.6 0.8 0.7 0 0 0
-20 0 0 0 0 0 0 0] 0 0 1 1.1 1.05 1.2 1.1 1.15
-18 0 0 0 0.8 0.8 0.8 1 1.1 1.05 2 1.6 1.8 1.8 1.7 1.75
-16 0.6 0.4 0.5 1 1.2 1.1 1.6 1.7 1.65 2.6 2.6 2.6 3.1 2.7 2.9
-14 0.9 0.9 0.9 1.6 1.5 1.55 2.1 2.2 2.15 3.5 3.7 3.6 4.2 4.1 4.15
-12 1.3 1.1 1.2 1.9 2 1.95 3 3.1 3.05 4.7 4.7 4.7 5.3 5.4 5.35
-10 1.3 1.3 1.3 2.3 2.3 2.3 3.8 4.1 3.95 5.3 5.3 5.3 6 6.2 6.1
-8 1.3 1.3 1.3 2.6 2.6 2.6 4.2 4.3 4.25 5.4 5.3 5.35 6.4 6.4 6.4
-6 1.3 1.3 1.3 2.6 2.7 2.65 4.2 4.2 4.2 5.1 5 5.05 6.1 6.3 6.2
-4 1.3 1.3 1.3 2.4 2.5 2.45 4 3.9 3.95 4.8 4.8 4.8 5.7 5.7 5.7
-2 1.2 1.3 1.25 2.1 2.2 2.15 3.7 3.5 3.6 4.2 4.3 4.25 5 5.2 5.1
0 1.1 1 1.05 1.9 1.8 1.85 3.3 3.2 3.25 3.6 3.7 3.65 4.4 4.4 4.4
2 1.1 1 1.05 1.7 1.8 1.75 2.7 2.6 2.65 3.3 3.3 3.3 4 4 4
4 1.1 1.1 1.1 1.9 1.9 1.9 2.8 2.8 2.8 3.4 3.5 3.45 4.1 4.1 4.1
6 1.1 1.2 1.15 2.1 2 2.05 3.1 3.2 3.15 4.2 4.4 4.3 4.6 4.8 4.7
8 1.2 1.2 1.2 2.2 2.2 2.2 3.6 3.5 3.55 4.6 4.5 4.55 5.2 5.3 5.25
10 1.3 1.3 1.3 2.4 2.3 2.35 3.8 3.8 3.8 4.8 4.8 4.8 5.8 5.8 5.8
12 1.3 1.3 1.3 2.4 2.4 2.4 3.8 3.8 3.8 4.7 4.8 4.75 5.9 5.9 5.9
14 1.1 1.2 1.15 2.2 2.2 2.2 3.5 3.4 3.45 4.4 4.4 4.4 5.5 5.4 5.45
16 1 1.1 1.05 2 2 2 3 3 3 3.6 3.8 3.7 4.8 4.8 4.8
18 0.9 0.9 0.9 1.6 1.6 1.6 2.3 2.2 2.25 2.8 2.6 2.7 3.8 3.8 3.8
20 0 0 0 1.3 1.2 1.25 1.7 1.6 1.65 1.8 1.7 1.75 2.6 2.7 2.65
22 0 0 0 0.8 0.9 0.85 1.1 1.2 1.15 1.4 1.3 1.35 2.1 1.8 1.95
24 0 0 0 0 0 0 0.8 0.8 0.8 0.9 0.8 0.85 1.3 1.2 1.25
26 0 0 0] 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8




A 1 3 ~ A 9w Y} A Y A A
AT N A.5 LFAIATANTIANNAIND 10,20,30,40 Liag 50 Hz. ﬁ?ﬂﬁﬂiﬂiﬂﬁi%‘lmi@\‘mulmﬂﬂﬁilﬁ/l 5

ANud/svey 10 Hz. 20 Hz. 30 Hz. 40 Hz. 50 Hz

A3 A3aM 2 avg A%l 1 | a%end 2 avg A5l 1 | %o 2 avg a5l 1 | %o 2 avg a3 1 | m%n 2 avg
-26 1 1 1 1.8 1.8 1.8 2.4 2.3 2.35 2.7 2.8 2.75 3 3 3
-24 1 1 1 1.8 1.8 1.8 2.4 2.5 2.45 2.9 2.9 2.9 3.1 3.1 3.1
-22 1 1 1 1.8 1.8 1.8 2.5 2.4 2.45 2.9 3 2.95 3.4 3.3 3.35
-20 1.1 1 1.05 1.8 1.8 1.8 2.4 2.5 2.45 2.9 2.9 2.9 3.5 3.3 3.4
-18 1 1 1 2 2 2 2.4 2.5 2.45 3.2 3 3.1 3.4 3.5 3.45
-16 1 1.1 1.05 2 2 2 2.4 2.5 2.45 3.2 3.2 3.2 3.5 3.5 3.5
-14 1 1.1 1.05 2 2 2 2.4 2.5 2.45 3.3 3.2 3.25 3.6 3.6 3.6
-12 1 1 1 2 2 2 2.4 2.6 2.5 3.2 3.2 3.2 3.6 3.6 3.6
-10 1 1 1 2 2 2 2.4 2.5 2.45 3.2 3.3 3.25 3.6 3.6 3.6
-8 0.9 1 0.95 2 2 2 2.4 2.5 2.45 3.3 3.2 3.25 3.6 3.6 3.6
-6 0.9 1 0.95 1.9 1.8 1.85 2.4 2.5 2.45 3.2 3.1 3.15 3.5 3.7 3.6
-4 0.9 1 0.95 1.8 1.8 1.8 2.4 2.4 2.4 3.2 3.2 3.2 3.6 3.6 3.6
-2 0.9 1 0.95 1.8 1.8 1.8 2.4 2.4 2.4 3.3 3.2 3.25 3.7 3.6 3.65
0 1 1 1 1.8 1.7 1.75 2.4 2.4 2.4 3.2 3.2 3.2 3.6 3.7 3.65
2 1 1.1 1.05 1.9 1.9 1.9 2.5 2.5 2.5 3.3 3.3 3.3 3.6 3.7 3.65
4 1.1 1.1 1.1 2 1.9 1.95 2.4 2.5 2.45 3.2 3.3 3.25 3.6 3.7 3.65
6 1 1.1 1.05 2 2 2 2.5 2.5 2.5 3.3 3.3 3.3 3.6 3.6 3.6
8 1.1 1.1 1.1 2 2 2 2.4 2.4 2.4 3.4 3.2 3.3 3.6 3.7 3.65
10 1.1 1.2 1.15 1.9 2 1.95 2.4 2.4 2.4 3.3 3.1 3.2 3.6 3.6 3.6
12 1.1 1.1 1.1 2 2 2 2.5 2.5 2.5 2.9 3 2.95 3.6 3.5 3.55
14 1 1.1 1.05 2 2 2 2.5 2.5 2.5 2.9 3.1 3 3.5 3.5 3.5
16 1 1.1 1.05 2 2 2 2.5 2.5 2.5 2.8 2.9 2.85 3.5 3.4 3.45
18 1 1.1 1.05 2 1.8 1.9 2.4 2.4 2.4 2.7 2.9 2.8 3.5 3.2 3.35
20 1 1 1 1.8 1.8 1.8 2.2 2.3 2.25 2.7 2.7 2.7 3.2 3.1 3.15
22 0.9 1 0.95 1.8 1.8 1.8 2.3 2.3 2.3 2.5 2.7 2.6 3.2 3.1 3.15
24 0.9 0.9 0.9 1.8 1.8 1.8 2.2 2.1 2.15 2.3 2.3 2.3 3.1 3 3.05
26 0.9 0.9 0.9 1.8 1.8 1.8 2 2 2 2.3 2.2 2.25 2.9 3 2.95




A 1 3 ~ A 9w Y} A Y A A
AT N 0.6 LFAAIATAINTIANNAIND 10,20,30,40 Liag 50 Hz. ﬁ?ﬂﬁﬂiﬂiﬂﬁi%‘lmi@\‘mulmﬂﬂﬁilﬁ/l 6

mmﬁ'/szﬂz 10 Hz. 20 Hz. 30 Hz. 40 Hz. 50 Hz.

p%on 1 | a2 avg a3 1 | m%n 2 avg a5 1 | a%n 2 avg a5 1 | m%n 2 avg p%on 1 | a2 avg
-26 0.7 0.7 0.7 1.3 1.3 1.3 2 2 2 2.2 2.3 2.25 2.7 2.7 2.7
-24 0.9 0.8 0.85 1.4 1.4 1.4 2 2 2 2.3 2.4 2.35 2.9 2.8 2.85
-22 0.9 0.9 0.9 1.5 1.6 1.55 2.1 2 2.05 2.6 2.5 2.55 3 3.1 3.05
-20 0.9 0.9 0.9 1.6 1.6 1.6 2.1 2.1 2.1 2.7 2.6 2.65 3.1 3.2 3.15
-18 0.9 0.9 0.9 1.6 1.6 1.6 2.1 2.1 2.1 2.7 2.8 2.75 3.2 3.2 3.2
-16 0.9 0.9 0.9 1.7 1.7 1.7 2.1 2.1 2.1 2.7 2.9 2.8 3.3 3.4 3.35
-14 0.9 0.9 0.9 1.6 1.6 1.6 2.2 2.2 2.2 2.8 2.9 2.85 3.5 3.6 3.55
-12 0.9 0.9 0.9 1.7 1.6 1.65 2.3 2.4 2.35 2.9 2.7 2.8 3.5 3.7 3.6
-10 0.9 0.9 0.9 1.5 1.7 1.6 2.1 2.3 2.2 2.8 2.8 2.8 3.7 3.6 3.65
-8 0.9 0.9 0.9 1.6 1.6 1.6 2.2 2.1 2.15 2.8 2.6 2.7 3.7 3.6 3.65
-6 0.9 0.9 0.9 1.6 1.6 1.6 2 2.1 2.05 2.8 2.6 2.7 3.5 3.4 3.45
-4 0.9 0.9 0.9 1.6 1.6 1.6 2 2 2 2.6 2.6 2.6 3.5 3.4 3.45
-2 0.9 0.9 0.9 1.7 1.5 1.6 2 1.9 1.95 2.5 2.5 2.5 3.2 3.2 3.2
0 0.9 0.9 0.9 1.5 1.5 1.5 1.9 1.9 1.9 2.3 2.4 2.35 3.1 3.1 3.1
2 0.8 0.9 0.85 1.5 1.5 1.5 1.9 1.9 1.9 2.4 2.5 2.45 3 3.1 3.05
4 0.9 0.9 0.9 1.5 1.5 1.5 2 1.9 1.95 2.4 2.4 2.4 3.1 3.1 3.1
6 0.9 0.9 0.9 1.5 1.5 1.5 2.1 2 2.05 2.5 2.5 2.5 3.3 3.3 3.3
8 0.9 0.9 0.9 1.6 1.6 1.6 2.1 2 2.05 2.6 2.6 2.6 3.4 3.4 3.4
10 0.9 0.9 0.9 1.6 1.6 1.6 2.2 2.1 2.15 2.8 2.7 2.75 3.4 3.4 3.4
12 0.9 0.9 0.9 1.7 1.6 1.65 2.2 2.1 2.15 2.9 2.9 2.9 3.5 3.4 3.45
14 1 1 1 1.6 1.7 1.65 2.2 2.3 2.25 2.8 2.9 2.85 3.5 3.4 3.45
16 1 0.9 0.95 1.6 1.6 1.6 2.2 2.3 2.25 2.8 2.9 2.85 3.5 3.4 3.45
18 0.9 1 0.95 1.6 1.7 1.65 2.3 2.3 2.3 3 3 3 3.4 3.5 3.45
20 0.9 0.9 0.9 1.7 1.7 1.7 2.2 2.3 2.25 2.9 2.9 2.9 3.4 3.5 3.45
22 0.9 0.9 0.9 1.6 1.6 1.6 2.3 2.4 2.35 3.1 3.1 3.1 3.2 3.4 3.3
24 0.9 0.9 0.9 1.7 1.7 1.7 2.4 2.4 2.4 2.8 2.8 2.8 3.2 3.1 3.15
26 0.9 1 0.95 1.4 1.5 1.45 2.1 2 2.05 2.6 2.7 2.65 3.2 3.1 3.15




H 1 < o 1
Gnﬁ']\iﬁ £.7 LFAANAIANLTION 3 AN U

149

Freg (Hz) Front Honey Comb Rare Honey Comb Turbine
AT 1 2 3 average 1 2 3 average 1 2 3 average
0 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
1 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
2 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
3 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
4 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
5 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
6 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
7 0 0 0 0.00 0 0 0 0.00 0 0 0 0.00
8 0 0 0.5 0.17 0.4 0 0 0.13 0.4 0 0 0.13
9 0.7 0 0.4 0.37 0.7 0.5 0 0.40 0.6 0.5 0.8 0.63
10 0.8 0 0.8 0.53 0.9 0.6 0.8 0.77 0.8 0.8 0.9 0.83
11 1 0.8 0.6 0.80 0.8 0.9 0.8 0.83 1 0.9 0.9 0.93
12 0.9 0.5 0.9 0.77 0.8 0.9 0.7 0.80 0.9 1 1 0.97
13 1.1 0.8 1 0.97 0.9 0.9 0.9 0.90 1 1.1 1.1 1.07
14 1.4 1 0.9 1.10 1 0.9 1 0.97 1.1 1.1 1.3 1.17
15 1.4 1.2 1 1.20 1 1.1 0.9 1.00 1.1 1.2 1.3 1.20
16 1.5 1.2 1.4 1.37 1.2 1 1.1 1.10 1.3 1.3 1.4 1.33
17 1.6 1.2 1 1.27 1.1 1.2 1.1 1.13 1.4 1.5 1.5 1.47
18 1.8 1.5 1.2 1.50 1.2 1 1.1 1.10 1.5 1.4 1.6 1.50
19 1.7 1.6 1.6 1.63 1.2 1.2 1.2 1.20 1.6 1.5 1.6 1.57
20 1.4 1.3 1.3 1.33 1.3 1.4 1.1 1.27 1.5 1.5 1.8 1.60
21 1.8 2.1 1.4 1.77 1.4 1.3 1.1 1.27 1.6 1.6 1.8 1.67
22 1.8 1.7 1.6 1.70 1.3 1.4 1.3 1.33 1.6 1.8 1.8 1.73
23 2 1.6 2 1.87 1.2 1.5 1.4 1.37 1.8 1.8 1.9 1.83
24 2.1 1.9 1.4 1.80 1.5 1.6 1.6 1.57 1.9 1.8 1.9 1.87
25 2.2 1.8 1.6 1.87 1.5 1.7 1.4 1.53 2 1.9 2.1 2.00
26 2 2.1 1.9 2.00 1.6 1.5 1.7 1.60 2 2 2.1 2.03
27 2.5 2.3 2 2.27 1.6 1.6 1.3 1.50 2 1.9 2.3 2.07
28 2 2.3 1.9 2.07 1.6 1.7 1.5 1.60 2.1 2.1 2.5 2.23
29 2.5 2.5 2.1 2.37 1.6 1.6 1.3 1.50 2.2 2.1 2.4 2.23
30 2.2 2.8 2 2.33 1.6 1.7 1.6 1.63 2.3 2.1 2.6 2.33
31 2.5 2.6 2 2.37 1.8 1.7 1.4 1.63 2.4 2.2 2.7 2.43
32 2.8 2.6 2.2 2.53 Wl 1.8 1.8 1.77 2.1 2.2 2.5 2.27
33 2.5 2.5 2.2 2.40 1.7 1.6 1.5 1.60 2.2 2.3 2.7 2.40
34 2.7 2.6 2 2.43 1.9 1.8 1.6 1.77 2.3 2.2 2.5 2.33
35 2.8 2.7 2 2.50 1.6 1.8 1 1.47 2.1 2.4 2.8 2.43
36 2.5 2.6 2.3 2.47 1.5 2 1.5 1.67 2.3 2.6 3 2.63
37 3.3 2.9 2.1 2.77 1.6 1.9 1.7 1.73 2.3 2.6 3.2 2.70
38 3.3 2.7 2.3 2.77 1.6 2.1 1.8 1.83 2.2 2.4 3.2 2.60
39 2.5 2.5 2.4 2.47 1.7 2 1.4 1.70 2.4 2.4 3.2 2.67
40 3.6 3.6 2.2 3.13 1.8 2.2 1.4 1.80 2.5 2.4 3.5 2.80
41 2.2 3.1 2.3 2.53 2 2.2 1.6 1.93 2.7 2.6 3.5 2.93
42 2.8 3.4 2.4 2.87 2.3 2 1.9 2.07 2.7 2.7 3.3 2.90
43 3.5 3.2 2.8 3.17 2.2 2.1 2 2.10 2.8 2.8 3.2 2.93
44 2.9 3.1 2.8 2.93 2.1 1.6 1.9 1.87 2.6 2.5 3.6 2.90
45 3.3 2.9 2.9 3.03 2.2 1.7 1.9 1.93 2.7 2.5 3.5 2.90
46 3.1 3.7 2.5 3.10 2.2 2 1.9 2.03 2.9 2.5 3.3 2.90
47 3.2 3.2 2.8 3.07 2.3 2.3 2 2.20 3.1 2.7 3.4 3.07
48 3.2 3.1 3.1 3.13 2.3 1.9 2 2.07 3 3.3 3.9 3.40
49 2.6 3.2 2.5 2.77 2.1 2.2 2.1 2.13 3 3.4 4 3.47
50 2.7 3.7 3.1 3.17 2.1 1.8 1.8 1.90 3.1 3.3 3.8 3.40
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DESIGN AND PROTOTYPING OF WIND TURBINE TESTER
WITH VARIABLE VELOCITY PATTERN

Parichart Prakatwutthichon, Pichitra Uangpairojand Kontorn Chamniprasart

School of Mechanical Engineering, Suranaree University of Technology

ABSTRACT

The prototype of a wind turbine tester with variable
velocity patterns is presented in this research. It was
designed to adjust the various wind speeds ranging
from 3 m/s. to 12 m/s. which is normally found in
Thailand. Then, this research created a device to
control a fan that acted as a wind source. The wind
source was adjusted to a desired wind speed at the
front of wind turbine. The wind speed signals used in
this experiment include step, ramp, and harmonic
signals. The PID control theory was used to ensure that
the wind at the front of the turbine would meet the
designed pattern. Test results showed that the
prototype could control the desired speed and pattern.
The variations of wind speed and wind pattern are
expected to help engineers for designing a better wind
turbine.

1. INTRODUCTION

Nowadays energy security is important and the fuel
prices become increasing. Renewable energy is
alternative to solve these problems, especially wind
energy. In Thailand, there are wind turbines in many
areas. The wind turbines are used for both research and
electricity  production. However, wind turbine
normally is optimized to run only in one climate,
depending on variables such as wind speeds, direction
and topographical. [1] The designed wind turbines
need to be tested for their efficiency at various wind
speeds. With these reasons, the authors realize the
important of a wind turbine tester that is suitable for
testing in a real condition of local areas. Therefore,
wind turbine tester was designed and prototyped with
variable velocity patterns. The wind speed signals used
were step, ramp, and harmonic signals.

This research is aimed to optimization of a wind
turbine tester for testing under various conditions of
local areas. This research proposes an alternative

technique of testing the wind turbine which is
beneficial for developing the wind power technology.

2. EXPERIMENT
2.1 Design Process

2.1.1 Prototype of Wind Turbine Tester The
theory of aerodynamics, [2] local wind characteristics
and the principles of building a wind tunnel were first
studied. Then the knowledge obtained was used to
design the prototype of the wind turbine tester using
SolidWorks 2012. After the prototype was designed
and adjusted, it was built using aluminum. Walls were
made from acrylic with a thickness of 3 mm. The wind
was generated using a 3-phase AC motor with
frequency of 50Hz and power of 0.37 KW.

Fig. 1 Prototype of a wind turbine tester

21.2 PID Controller PID Control theory was
applied with LabVIEW 2010 to control the output
signals before sending them to an inverter. The output
signals were used to control the characteristics of wind
speed of motor. The wind speed was measured using
air velocity transmitters.
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Fig. 2 Block diagram of controller
2.2 Technique

2.2.1 Data acquisition The wind speed was
measured in front of the wind turbine in the horizontal
plane, the interval space between the measured points
was 2 cm, totally 27 points (Fig.3). The experiment
was conducted at a frequency of 10, 20, 30, 40, and 50
Hz.

Fig.3 Position of measurement

The behaviors of wind speed with six different cases
of the prototype structure were studied (Table 1).

Case structural

1 prototyping of a wind turbine tester
+honeycomb

5 prototyping of a wind turbine tester
+honeycomb+nozzle,

3 prototyping of a wind turbine tester
+honeycomb +nozzle,

4 prototyping of a wind turbine tester
+2honeycomb+nozzle,

S prototyping of a wind turbine tester

6 prototyping of a wind turbine tester
+nozzle,

*nozzle;: @,=310 mm., D, =210 mm., L =350 mm.
nozzle,: @, =310 mm., J, =260 mm., L =225 mm.
Table 1 Different cases of structural prototype
2.2.2 Programmable Controllers LabVIEW was
used to adjust the wind speed at the front of wind

turbine. The wind speed signals used in the experiment
were step, ramp, and harmonic signals.

The 8" SEATUC Symposium | 4-5 March 2014

3. ANALYSIS
3.1 Prototype of Wind Turbine Tester

The prototype of a wind turbine tester was built and
improved for suitable use. In addition, LabVIEW was
programed to control the input signals of the inverter.
The characteristics of wind speed step, ramp, and
harmonic signals were imposed.

Fig. 4 Prototype of wind turbine tester

3.2 Experimental results of the wind speed
measurement

The result of the wind speed at the front of wind
turbine for six different cases of prototype structure
showed that. Case 1: installation of honeycomb caused
the arrangement of air flow when the air flowed
through the channels on honeycomb. Then the wind
was distributed and the wind speed at the motor shaft
was dropped (Fig.5a). Case 2: when the nozzle, was
installed, the wind speed at the motor shaft dropped
but caused less distribution. The wind speed in the tip
region was zero (Fig.5b). Case 3: the installation of
nozzle, caused better air distribution (Fig. 5¢). Case 4:
when honeycomb was established in front of the
nozzle,, the wind speed increased, but did not disperse
(Fig. 5d). Case 5: the uninstallation of honeycomb and
nozzle,, the wind distribution and wind speed
throughout the horizontal plane was uniform, however,
wind speed slightly decreased at the motor shaft (Fig.
Se). Case 6: after the reinstallation of nozzle,, the air
layer was compressed, increasing the wind speed,
while the wind speed at the motor shaft was dropped
(Fig. 5f).
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Fig 5. Result of the wind speed for six different cases
(a) Case 1, (b) Case 2, (¢) Case 3, (d) Case 4, (e)
Case 5 and (f) Case 6

3.3 Programmable Controllers

LabVIEW can be used to control input signal of the
inverter for controlling the characteristics of wind
speed of the motor as required. The output is shown in
Fig 6.

O S AT
0 US 115 2 25 3 3> 4 a5 5 %
time.

(b)
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Fig 6. (a) Step signal (b) Ramp signal
(c) Harmonic signal

CONCLUSION

1. The prototype of a wind turbine tester can work
and produce various characteristics of wind speed,
including step, ramp, and harmonic patterns.

2. As the results from wind speed measurements,
Case 5 provided the best wind distribution and wind
speed throughout the horizontal plane. However, the
wind speed slightly decreased at the motor shaft.

3. Programmable Controllers by LabVIEW can be
used to control desired variable velocity patterns.
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