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ABSTRACT

Nowadays, the energy resources issues are internationally concerned. Most of
the energy consumed today comes from oil and coals which will be gradually

exhausted. As a result, researches on the alternative energy are becoming more

essential to strengthen energy security.

This thesis is about design and operation recommendation for small scale wind
power generation (6 KW) which comes up with the ideas of electric generator design

from wind energy resources in a stand alone system and the energy reservation for

residences.
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i lHlumamefiaiwineudiasly snwaensnsznsdvasauanlfuinnit Tagezvi
myiaamuealusunfidemmnuimdswiues g a199zv)n 10 Wil wIann
s s‘fa@héﬁnmm:gnmmwﬁamnﬁw udagdlsAauaainangsllaansariunly
TumseaduinAuidinsIndsnuannn uafaunsaandadnliin Aufing
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A ' A A A = d :
Janunnl1 6 mis LLﬂ:‘luwuﬂquﬁ]:NﬂquLS?ﬂNLﬂaﬂuﬂﬂﬂqq 3m/s

A13191 2.1 LEAINILENUTIANANMUTIANVIRINAANNTIaN Beaufort [2]

Bf vinm/s Description Effects

0 0-0.2 Calm ’ Smoke rises vertically

1 0.31.5 Light air Smoke moves slightly and shows direction
of wind )

2 1.6-3.3 Light breeze Wind car be felt. Leaves start to rustle

3 3.4-5.4 Gentle breeze Small branches start to sway. Wind
extends light flags

4 5.5-7.9 Moderate breeze Larger branches-sway. Loose dust on
ground moves

5 8.0-10.7 Fresh breeze Small trees sway

8 10.8-13.8 Strong breeze Trees begin to bend, whistling in wires

7 13.9-17.1 Moderate gale Large trees sway

8 17.2-20.7 Fresh gale Twigs break from trees

g 20.8-24.4 Strong gale Branches break from trees, minor damage
to buildings

10 24.5-28.4 Full gale/storm Trees are uprooted

11 28.5-32.6 Violent storm Widespread damage

12 = 327 Hurricane Strucfural damage

Note: Bf, Beaufort force; v, wind speed in m/s (1 m/s = 8.6 km/h = 2,24 mph)
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k(v k-1 )\
fweibull - ;(;) “exXp _(;) 2.1)

log k = Shape_Parameter
a = Scale Parameter

v = Wind Speed

LAZAINAIINA 2.1 1RIVITDF W NAIRNNSIRNLBRY Ldan

]
;za(0.568 +0—'443—4)k (2.2)

{ ' s ' A s T 9 4
Tunsdin lainTudn k 1asdszunmdn k Sy 2 d9leqn

| 2 -
kg~ 0886 r @3)

waziiaan a lunsnIzaualuLuy Weibull distribution wazlfen k=2 LLﬁwx"l,@Tgmms
fuwrmlunInizanedlves Rayleigh 0

TV T
fReyleigh_E.;_2'eXp _Z;_2 @4)

lagfi V = anuSauads (mis)

V = a1u328u (mis)
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Location k a vinmfs Location k a vinmfs

Berin = 185 44 39  Munich 12 32 28
Hambug 187 46 41 Nuwemberg - 136 28 27
Hannover 178 41 37  Saarbrlicken 176 37 33
Helgoland 243 80 71  Stuttgart 128 26 24
Cologne 177 36 32 Wasserkuppe 198 68 60

Source: Christoffer and Ulbricht-Eissing, 1989

nlain maAenzilasldinmsnzans wuy Rayleigh ltiRnsdanuSanaisf
WRInafazmanud lauia

0.3

0.25 ¢

0 1 234'5 &8 7 8 9 10 1 12 18 14 15
Wind speed v in m/s

= 6 o s ' < o
3‘]]7] 2.2 LLﬁ@Nﬂ’]iﬂi:’iﬂﬂLi‘lau FIRIUANVULAINANNVBIANULIIAULDREY [2]
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v(h2)=v(hl)~ —}—11—_0‘1— (2.5)
In

%0

Hh) v(h) Aaanuhifianugianiniu hy

-3 ~ dl &/ a
v(h2) ADANUIINANUFINNANUAY A

2
- & A
h1 ﬂammg\mnwuﬂu}ﬁ
h ARANNRINNAUGAY A
2 4 2
z fafanuenvasanu i uidey( roughness length Y(m)

Tagdn Z 1IN LIFN AN 2.3

@A19197 2.3 LEIANNENVBIA NN I TILT I U289ANNUAN A1 8IUARTAUT [2]

Ground class Roughness Description
length z,in m
1-Sea . 0.0002 Open sea
2 — Smooth 0.005 Mud flats
3-Open 0.03 Open flat terrain, pasture
4 —Open to rough 0.1 Agricultural land with a low poputation
5 —Rough 0.25 Agricuftural land with a high population
6 — Very rough 0.5 - Park landscape with bushes and trees
7 - Closed 1 Regular obstacles (woods, village, suburb)
8 — Inner city 2 Centres of big cities with low and high buildings

Source: Christoffer and Uibricht-Eissing, 1989
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2.4 N5 TNA IR NAN

AULANINNIILARAUNVAIAINIANIT L wﬁaamau’ﬁ‘jamvlﬁmngmwé'ammaﬁ fa

1
E==mv? 2.6)
2
Lﬁaﬁnwé’aa’maumﬁﬁmsmagﬁuﬁaawé’amuamﬁzmﬁ'unma:vlﬁdﬂ
R
P=E==mv* @.7)
2
Hiasan
m=p-v (2.8)
2z ldendaIns inarasane
m=p-v=p-A-s=pAv (2.9)

uaztilaanazesamanidnananmiuin O WaduduiivingasuieA daaanmsa v
aglel

3

P=—;—pAv (2.10)

3 ! 1 a IQ g:
Taen O vesemazlinediuaNuauaMAluu i TNy

Wind:
turbine

31U 2.3 maffsuwlasanuhsulugaundvesniaiuay [2]
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1 2 2
PT—Zp-v-(v1+v2)-(v1 —v2) (2.11)

v a A‘ - L2
ANFULTERNTUAINAINW L6

2 2 2

B O 01 1ol
cp,=-"L= 3 =1+ (2.12)

P 2v1 2 v1 Vl

d . @ a £ [V & ° a ' [V A Y
%omauﬂs:aﬂﬁmaawmmuugﬂmmﬁLﬂsﬂ:ﬁﬂﬁwaaaﬁu;gaqﬂiﬂu Betz G992 1@

a1 C Uszana 0.593 GaluanuiuaToudadr C. NldaSevasszuufaazi
P, Betz P

Aszanm 0.4-0.5 Lipsanandanugyieaug lasinsmusomdlseininmaes
szuvldan

P P P c
n=-L=—tol T =—Fr (2.13)

. 1
Pid Po CP,Betz - pv3 CP,Betz

2P CP, Betz




unn 3

nINay

3.1 anaduanvasneinaa

Tuthatiunandalwi insldundanasaunan fadiuitu Fanswensiuiin
fsnsmanisaiiuiznualuanae aainiansivldriniseanuuunai
ﬂ%’wmmﬁﬁu‘maLLa:wé’oquuﬁuum‘lﬁﬂs:‘[mﬂummﬁﬂwé’omu‘lwﬂﬂugﬂuw
6149 LU WRINULEIaRag Wi wEINUa

e luladmauauBudu Junimuiuiuud leommudidunwunuuumims
Tﬁﬁ’aﬁumuumuamﬁ‘a‘l’ﬂumsquﬁw %oﬂaqﬂuﬁﬁﬁ'oﬁ’u%mmmuﬁgnwaﬂﬁmﬁla
JanUszaadean giu la siavuaufiltlunsnda Wi ldimawamnagumai and
a.¢1. 1989 T aUaInIFuaNTEiuiivwe 300 Aladasd dzrmaLduHuguInaTad
lunaviu 30 a3 V\é’ommfuﬂs:mmﬁuﬂﬁ;ﬁwaﬂaﬁn%mﬂu‘%ﬁﬂiﬁwaﬂﬁoﬁ’umm@ 1500
Alataa aaoiduruguinawlunai 70 was uazluiIadon NIRUIUIG 2 LWnziag
uduguinasluiaiu 74 was auiin.a.2005 Aavuldduue 5-6 LNz IR LEWAY
guinawluWa 120 was Tuowaewmavasnaiufaziivmafilngdu mansandalui
Idnnin

T 0.¢1.1990 Yrzinaasiuipdssnad fnnswammaluladduiviuan
goqﬂﬁﬂﬁmmmNﬁﬂwﬁomu‘lwﬂﬂﬁgoqﬂﬁo 4 LNNZIAG WAZHRIINMINAIWI Y
wSrrmauitn i Aalvenuiinaanuduuasaenuldmieasiuannnii 45,000
2037 LLa:LﬁcﬂL‘?mmguﬁauﬁfu‘luﬂs:mﬁmnﬁo 3,500 51ug15

nmIRaATas mivdainmeluszes 20 Ydremiliisuddszna

o & , & a P P . e A o
LATUBLASLABUITNLT U] fu:uﬂs:mﬂauqluqi‘sﬂan%maﬂ's;mﬂmuaonqu LU TN

dnomulunsnaanssua i oA UAVLTUN K

3.2 ﬁ'J’l&lﬂ’lN’litI‘l%ﬂ’lia’lﬂ

ot o L a o 8§ wa a P a v o, &
LlJE]ﬂlJﬂ:ﬂZﬂU’)@]Q'HuG ﬁ]:Lﬂ@]LL‘S\‘I“ﬂ’]l‘V&’)ﬂQLﬂ@ﬂWSLﬂaauﬂﬂﬁ’UGGLL‘N@Nﬂa"I’J%u

& ;s ' a A a ' Lo 1Y a &£ A
muagﬂugﬂiqﬂmaﬂ')ﬂq ‘HGLL‘S\]N']ﬂ@]\]ﬂﬂ']')Uaﬂvl.ﬂ')q"ﬂ’]ﬂﬂ'&]ﬂ'j:ﬁﬂﬁﬂq'iaﬂlﬂ Cp fa

K, =CD%-p~A-V2 (3.1)

uazifliavmauEsuifisuenuiinwin 2 galagiiauiasiiu azld

P, =CD--;—-p-A~(V—u)2 u (3.2)



Cylinder

.—>
-
—h~
—

op=1.1.13 cp=06..1.0

Cone with hemisphere Hernisphere with cone
—_— —
— —
— —
cp=0.16...0.2 p=0.07..0.09

Source: Hering et al, 1992

4

311 3.1 ugavFNdszEND MR NI FUN IS 9 [2]

Sphere

—
—
—-
e
= 0.3..04

Streammlined form
JES—
>N
e
h._.___».

cp= 0055

Hemisphere (front)

—
—
-
.—’. 9

cp= 0.4 closed
cp=0.34 back apen

Hemispﬁere (front)

—-
———li-
-
—

cp= 1.2 closed
cp= 1.3 front open

s 1 v ' A (K]
INNITNARDIAN Cp gaqﬂﬁmvlﬂ zfignUszunms 1.3 Teazlddn Cp e Uazanm
‘J e ] ‘J 3 ] ¢ [} (=3 s Qs a 1
0.193 0389113930 0.593 FaLuen Cp etz E]fq.lliﬂﬂ LL@]amﬂsnmunmuawﬁu@‘lﬂu

y - P kY € A a o v ar a £ o P
a’)ulnﬂLaaﬂﬂﬁ]:’l"ﬂa“ﬂﬂ'jm’ﬂu@ﬂﬂLlﬂu’ﬂuﬂa’]ﬂ mdl‘ﬂawﬂ‘i:aﬂﬁwadmuﬂ@n’)’l

13



14

3.3 ANNAINITOINAITEN
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Insulation: Epoxy resin coated arma-
ture lamination structure. Underwrit-
ers’ Laboratorles, Inc. recognized
insulation system available upon re-

quest,

Magnets: Ceramic, alnico o rare earth
selection of parmanent magnets.

Brushes: Replaceable, long-iife
brushes. Brush material composition
selected on basis of application.

End Caps: Aluminum for efficient heat
transfer and precision lolerances.

Bearings: Double shislded ball
bearings tubricated for life, ABEC 1
standat_d.Otherhaamgsopﬁonal.

Shaft: Stainless steel—wide selection
of standard dlamsters and extensions.

Commutator; Diamond turned copper
for smooth {inish.

Brushhoiders: Molded thermoplastic.

Welds: Welded armature connections.

Oee|0|e|® |® ® e O

Magnet Wire: Class 155 C magnet
wire.

S

Laminalions: High permeability arma-~
ture laminations.

@

Impregnant: Epoxy resin impregnated
for added rigidity and insulation.

@

‘:l s v { as o [
1l 4.4 snwaclanaasuaiaaiiaiaddnina Infsiaudnanns [1]

Housing: Tolally enclosed carbon steel
housing.
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+1,-jX, ' (4.3)

mode

Underexciration
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Generator mode

J-Xa-1s
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Stator current, A

—— Magnet thickness 19.8 mm Magnet material H-90B
------ Magnet thickness 13.0mm  Radial airgap 0.838 mm
Terminal voltage
AandD 490V
B and E 460V
Cand F 430V
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Cut-in Wind Speed (m/s)
Rated Wind Speed (m/s)
6 7 8 9 10
1.5
68.679% | 61.970% | 55.702% | 50.046% | 45.078%
30081.63 | 27143.29 | 24397.66 | 21920.54 | 19744.27
2
65.635% | 58.865% | 52.591% | 46.976% | 42.077%
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25
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3
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25818.53 | 22844.18 | 20134.73 | 17748.85 | 15700.46
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vy ~ ] a 2/
7.7.31 Qmauum MAHITNWVIINAKATBILAIDI wil adﬂi:uﬂlﬂﬁﬁﬁ%ﬂ‘lﬁd1%uﬂ n-

&3¢ (Stand-Alone Inverter)

- fa3Wihanean (Output power): 5000 W

- ﬁﬂé’o'lvdﬁwnizmﬂgoqﬂﬁ%'uvlﬁ (Output power surge): 10,000 W

- useeulWfranaan (AC output voltage): 220 VAC

- ﬁnﬁngﬂﬂ§u1ﬂﬂ1ﬁii1ﬂ (Output wave form): Full sine wave (Pure sine wave)
- audIWiafse (Frequency): 50-60 Hz

_ usssulWinszuaasefitlond (DC input voltage): 48 VDC

- s:tum']aaﬁ’utﬁam‘%aaﬁqmﬂqﬁgotﬁuﬁmumz Electric cooling fan
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