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Abstract

The objectives of this research were to create and develop a mini rice sorting machine with
a hand winch and test the efficiency of a mini rice sorting machine by collecting data of
harvesting and then creating and developing a prototype. The results showed that 1) The
prototype of a mini manual rice sorting machine was created and developed by using PVC circular
grate to increase the efficiency. 2) Test of grate’s slopes (at 3°, 5°, and 7°) which affect the
separation efficiency was operated by using 10 kg of rice (7 kg of rice grade no. 1, 1 kg of rice
grade no. 2, and 2 kg of rice grade no. 3). A hand winch of a mini rice sorting machine was spun 3
rounds . The testing results revealed that testing a mini manual rice sorting machine with grate’s
slope at 3°, the efficiency was 98.33% and rice separation time was 6.19 minutes (96.9 kg/hr.).
Testing with grate’s slope at 5°, the efficiency was 98.00% and rice separation time was 5.39
minutes (111.32 kg/hr.). Testing with grate’s slope at 7°, the efficiency was 94.67% and rice
separation time was 5.13 minutes (116.69 kg/hr.). In conclusion, the maximum efficiency was
98.00% by setting grate’s slope at 5° and the machine could separate rice 111.32 kg/hr. (The
efficiency at grate’s slope at 5° was almost the same as the efficiency of grate’s slope at 3°
however its capacity was higher).

Keywords : Rice Sorting Machine, Hand Winch, Rice Soring Grate
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Abstract

This study aimed to develop Uttaradit’s ceramic souvenirs by glazing with plant-derived

ash. The materials of the ceramics were plant-derived ash, clay form Bungmai Pond, and feldspar;

and the material ratios of the mixtures were calculated by using 36-point triaxial diagram. The

products were fired at 1,250 degrees Celsius, then analyzed physical property and selected

apposite points for experimental production of Uttaradit’s souvenir. The appropriate ratios found
from the analysis were points at 10, 15, 16, 17, 18, 21, 22, and 28. The points at 16 and 17 were

chosen to be used in the experimental production of Uttaradit’s souvenirs in the form of

decorative plates with underglaze paintings of Uttaradit’s provincial symbol, Luangpho Phet
Buddha image, Praya Pichai Dabhak, and Lablae’s Town Gate. After being fired at 1,250 degrees

Celsius, plates were green and glazes were perfect. The plates’ charateristics were similar to

Sukhothai’s Sangkhalok China wares and could be Uttaradit’s souvenirs.

Keywords: Ceramic product, Uttaradit’s souvenir, plant-derived ash glaze
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Abstract

The purposes of this study were to design and find out the factors that affected the
change in the average heat dissipation and heat inside a small hot air oven. In order to prolong a
product’s shelf life and prevent moisture absorption, all tamarind pods used in this study were
heated up evenly. The design of experiment (DOE) method, in addition, was applied in this study
to investigate the change of a stainless steel plate’s angle in the heat direction control panel and
to find out the factors that affect the average heating value and heat distribution inside a small
hot air oven. These findings were used as the optimal settings of a hot air oven for the most
effective performance. The results revealed that the parameter settings that provided the best
result caused the increase in the temperature to the maximum value of 14.21 degrees Celsius in
10 minutes and the 95% confidence interval of the temperature was 11.13 -17.31 degrees Celsius.
The heat distribution value or standard deviation was 2.63 and the 95% confidence interval of
temperature was 1.81 - 3.45 degrees Celsius. Considering the fastest increase in the heat only, the
temperature would increase to a maximum level of 15 degrees Celsius in 10 minutes and the
95% confidence interval of temperature was 11.95 - 18.13 degrees Celsius.

Keywords : Design of Experiment, Sugar Topped with Tamarind
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2. InQUITAIATRINTITY
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Xn rnl If-n2 If-n3 If-n4 rn5
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AvUAbA

A Ae vihadunsaragungiiniglugeun i lneimualv | = 1,2,3..n

2
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Pareto Chart of the Standardized Effects
(response is Response, o = 0.05)
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Abstract

Education management in knowledge of information technology can increase the equality
of human rights in normal and disabled people for living in the community happily. As a result,
educational institutes have to offer the learning and teaching courses about information
technology and computer for both normal and hearing impaired students. Therefore, the
objectives of this research were 1) to develop the Thai sign language media of internal computer
components’ terminology for hearing impaired students in the Northeastern Region and 2) to
survey the satisfaction of the students with the developed Thai sign language media. The sample
was 60 hearing impaired students of grade 8 from schools for the deaf in Roi Et, Mukdahan,
Udonthani, Khonkaen, Chaiyaphum, and Surin. The results found that 1) Obtained Thai sign
language media of internal computer components’ terminology for hearing impaired students. 2)
Experts scored the overall and each aspect of this multimedia at a high level. 3) Students
satisfied with this multimedia at a high level.

Keywords : Multimedia, Thai Sign Media,
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Abstract

The objectives of the study of suitable energy management model for community in the
Cambodian-Thai border area, Surin Province according to the Sufficiency were to study problems
and obstacles in energy management in the Cambodian-Thai border area, Surin Province by using
in-depth interviewing.

The results found that the communities consumed electricity from the central station
generating plant. In Tar-Miang Sub-district, locals used energy-saving equipment like Super Unglo
stoves but these didn’t sufficiently serve the community demands. In Nang-Mood and Ban - j arn
Sub-district, locals had decreased their energy expenses after managing the energy in their
communities. Each community lacked the knowledge regarding equipment selection, energy
technology according with the potentials and community demands. The problems and obstacles
of energy management in communities were caused by various factors, internal and external
factors. These led to the problem solving with the suitable energy management model for
community in the Thai-Cambodian border area, Surin Province according to the sufficiency
economy reaching to the participation management and practical plans for energy management
in community. Plans for energy management were to decrease the energy expenses and supply
enough energy to serve the community demands. Study and Improvement of technology,
suitable management operations, and continuous monitoring and evaluation could contribute the

sustainable energy management in community.

Keywords : Energy Management, Community, Sufficiency Economy
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Abstract

The objectives of this study were to survey and select types of products and also to
develop a simulation model of the mode selection for cargo transportation in current and future
situation of the presence of the high-speed rail system from Bangkok to Phitsanulok. The model
was developed based on the stated preference survey by collecting data from 400 samples of
freight operators, wholesalers, retailers, and people along the line of the high-speed rail. The
results showed that, when the high-speed rail system from Bangkok to Phitsanulok would have
been developed in the future, the suitable products for high-speed rail system were the express
mail service (EMS) parcels, air cargoes, gold, jewelries, gold accessories, computer circuit boards,
high price agricultural products such as fruit and flowers. Mostly, the selling price determining
depends on the speed of transportation and damage and impairment of products. Result of
factor analysis found that transportation cost, traveling time, handling time, time delay, and
service frequency were statistically significant factors affecting on the selection of mode choice of
transportation. The application of model indicated that the holders and freight forwarders who
are along the line of the high-speed rail (Bangkok-Phitsanulok) tended to use the rail-transport
such as using the double-track rail for 27.71%, using the high-speed rail for 11.18%, and using
truck for 56.51%. However, if there were the policy development of loading and unloading points
for multimodal transportation and efficient and safety mode choices of transportation, the

portion of the freight high-speed rail would increase.

Keywords : High-speed Rail, Freight Transportation, Logit Model, Transport Mode Choice Model
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1. unih

feanuasevindinnusndulunistaulasedsiugiufiunisuudssuuse Yszneuiu
Tagtudiunanisvuddumlaesiunglulsema 31nteyavresdinauulouiguag by NsvudIuas
33195 NFENTNANUIAN WU TUEU 838 audused lnedndiulssunnsosay 85 densdainiu
woAnssunsvudamsauudundn dawalilassairedunuladafndillofisuiundn fusiiasy
aeluusena (Gross Domestic Product : GDP) fsasagluseduas Snislunsvudamisnuudadian
winzaufuAudussdiamiy

Fnenmlassassiiugiunsmuddoduseiiiaedimils fuanuuamiaasugia uazdunm
nsfesesatszna dannistadusulssansnmvessrutlasaiisiiugudunisuuddas World
Economic Forum (2013 - 2015) 9nsuawsiedu 144 Usene wuth dsemelnedsdidnenmlaseaig
fugnudunsvudsdisnimaneUsanalugfinrendou nglull a.a.2014 - 2015 gndnegdiuil 76
wazfuuliuflazonnoy dilunsed 1

A19197 1 NM3TITuAUUITEANENMTBITEUULATET 1LY

s SusunansUszfiununmlassaineiugiu
NINTIN 19U salw auudu 739
AslUs 5 (5) 7(6) 10 (n/a) 1(1) 2(2)
Gt 25 (20) 23(19) 18 (12) 21(19) 24.(19)
ey 61 (76) 42 (50) 72 (74) 34 (37) 56 (54)

fis : The Global Competitiveness Report, World Economic Forum (2013-2014) wagluiaidu (2014-2015)

sallmnisIgeiunsyudadudn (High Speed Freight Rail) salvanandrgslulsemadiiunay
annmglsuimuadn salvlennandageanunsayiiannand 200 nu/wu. vunadnfiviulse wasfinnmu
250 /s, vusiaislml dmsumnudiiing1n feiduanuslunsduudsdlavans lnonisvudsdleg
salrleudigesvessemeang q dnilvgjrldvudslasansfundn snviuussmawessiunazaiio G
gaulin1svudsaulazdualusyuusiuiu Gerhard Troche (2005) lamnunussiansalviaiuaiiuisa
Tumsliusnmsdmsusalnvudsduen (Rail Freight) LLazﬁﬂwmsé’mudaauﬁﬁaﬁma@iammﬁﬂumilﬁuia
Al

M19199 2 Anuddnyvesladeniinasegusznaunis

Usziansaln AUSIGIEN anwauzgduudeducn

FolnANSIE
(High Speed Rail Freight)

1NN 200 NI/, YFuusaangsalagans

Sﬂlﬂ/\lmm@ﬁzﬁUﬂaN
(Semi High Speed Rail Freight)

guudsduildimalulad

140-200 3./, o
ﬂTﬁ’eJE]ﬂLL‘UU‘UEN(ﬂiﬂI@ Y3
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157199 2 (5iD)

Usznnsalvl AUSIGIEN anwauzduudeducn
salnyudeduAly 5 )
. o AN31 140 NI/, Auudsdudnall
(Conventional Rail Freight)

fian High-speed rail freight, Sup-report in Efficient train systems for freight transport, KTH Railway Group Report
0512, Stockholm 2005

Usraunsaintsvudsdudilaesalnanmiigduituszinag Womludwiaguuansisy
“High-Speed Rail Freight” Faududrunilevesnsfine “Efficient train System for Freight Transport”
1ng RTH Railway Group Uszineadiau Tull a.e. 2005 TnsaznaniansdivesUseineaaiinu Wiuea
wastuuazmsvudsseniasemeluvivglsy foll

1. Ussiaaiiou Liesandediiadugivssmanazivalulad salrannusigeesUssimaaiiay
Haguuliuimsuudsdudennanai 160 nu/wu. Ussimeaiiauduaiunisvudaduiiessuus
AISIgsanalauny “High speed freight, faster than by truck cheaper than by air” Audndiluinis
Usgnauedudn 2 Ussiavde lusudlefusivesnislusvdddadumineanuvesiy (Swedish Post Office)
wazn 3 bAUINIIER LRI (Express parcel Service) Anviiunistaeu3em S.J.

nsvudslusudodag (Mail Service) [uuausavudslasianig (Dedicated mail train) Tuvaizdi
nslyunsanfausisamuussynludu (Compartment) Salusuiusolagansdeanunsoliuinisléi
A mazawigs :nnslruinsianailuseningd a.e. 2001 - 2005 wuin asnsnanNTLEINg
maasldiiy 3.4 §1u-nu. sausayn Wsuwihnsanthifufiea 1.36 SudnsuazannisUdosfing
AsUBuNBUBntYiNgU 3,534 Ausiel

2. Uszimaldama wuifeafuussnasinulivinislusvdlsfusidesalisviuanis (TG
Postal Service) dmisunisliuinsvudaianfasissuiinmsliuinislag SNCF (mssalvlil¥aaa) Tu 3o
TGV-Fret 3dldvuausadiufians (Wuiiedtu TGV Postal Office) anansaussynAsumuiuasuiua
\én (Minicontainers) 11w 10 pawnuiwes JagtuiinsliuinissinseninUssmeluglsulneuioy
Carex (Cargo Rail Express) Inafiiihmnenisaudsuaznszatedudisaiies (Multimodal Transport) 910
funaudameennie (Airfreight) sewinsauudundnuaziuiinielulsemeaning 9

3. ﬂiwmmaaﬁuu The Inter Cargo Express (ICGE) Freight Train Tusnsvudsdudiilulud
A.A. 1991 fianunsa 140-160 na./au. Inglduuiusodudniamzdniinguusmmn 900 fu annsoussnn
Audnttingegavinfiu 500 du Tufud A 2000 UM DB Cargo DrlFusnsddysedefos uas
Wanduginrelulsema Inedidmunefganisvudaainsaussynussaias 10,000 Awnuiueidel
whAuMsRLERd U IUA MRS ERNTY 20 Wedwudainifu

Tudszmalve JagtuneglinszminfetlamiFosnisuuds unugvsmaninsensnauuiauLiie
atfuayumMTTANYesUsEINA NsENINALUIAL atufl 2 (e, 2556- 2560) eliTuntnansWaunsy
Tassadaiugiunendazdiwandunuiunisouds Snstadefiudnennlunisusiuninisdives
Usena lesnnaruiduiudadoddry V]zdmwéf’mqﬁﬁﬁmazﬂﬁﬁ’lLﬁu%?m saluAnusgadadumaden
Turudadudn feaansadoudenismmsamuivlssmaiioutu atuayunisuiuasugiuuunis
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wissuaundeuingnisidulsznauasugivendeulueunan

nndeyadrafurligiteiunanlunsinumataulassadaiugiu Tasamglassnssoly
AnuSIgeiumsTudsdud Feilinqustasdiiiedisiangiinssunisidonsuuuumsiiumave sy
yufaimuuuuiaemginssunsdensuuuugnunvuzyudsdudlusuian nsdififinsiamduma
soblauSigeanensann-ivalan

2. Inguszasd

2.1 LﬁaﬁﬁquamimmﬂﬁaﬂgﬂLLUUfmLaumwamiwwuuuLﬁummjamw - fiwaglanly
Uaqdu

2.2 LﬁaﬁwmLmuai’waaqwqaﬂiimmsﬁm%ﬂﬁ,mﬁaﬂgﬂLmeiLﬁumqmﬂﬁmiﬂ’wmgmwumi
yuddlvsiluouinn

3. /7Y

3.1 mangAnssunisiiensuuuunisiiuniawesUssrsuudunansann-valaniulagiu

nsdsradeyariiewmuuuuiiannisidensunuunisuudsdud Richards and Ben-Akiva (1974)
NA11VUINABE 200-500 R84 Ligsneran1stn USRI UUTIa8e Disaggregate  LARIDENS
yumdn 50-70 fanansalvinafiaummaunald InslunsAnulsvhnsdsaieiudeyadiuiuiiodis
400 #0819 Tnsurasfegraasdosmoudiaiuiisdu 9 antunisel Fangudegrsusznoulusg
fusznaunmsnanduin fuseneunisaudsduii ginds ginvanusnadminausuadunssalianmgs
geanensanna-fivellan IasneunisdrsiangAnssunisidensuuuunisvuddualasiiunisdanses
nausegiiisunalumssindulaguuuusummuglunsuudsduduindy

Tngdmateyaduiiddnenmlumsvudshesalauidigs mnnsmuradoyanisvudsdudi
Tunuadumasalwanansigsaensanne-fivalan Wdudiflenmadsuuliszuusalienuigdlu
nsvuds Usznaulusne 1. Audnilvudwnaeesdu 2. dudlusvdleduet 3. Auduios 4 dufni
fuanilandndogt 5. 1wes wase ves 6. Aufinuns wag 7. gunsalroufiumesuazinnasiiii

3.2 MyaukuuaenIdenliuuNMsvudsdum

uATelEFRULUUTIa83 Multinomial Logit Model fiofiaasiiounisindulaidonsuuuy
gnunvuzlunisuudsdudn Ysenouludae 1. salwanundaas (High Speed Rail) 2. saussyn (Truck)
3. 0w (Double Track Rail) wa 4. 1a3esdu (Plane) vosnguyarafifinadnuariLanmieiuuTiin
fufizmiafvalanuazngann audnuuranuduliflunseudadud iesadwslunisiaszs
aunsaesuensdndulaliegsgniesuaraseunqu tnenan1suszanuALuUINaeINIsEeNFULUUNS
yuadudTudumasalraudigemensamma-fivalan woeneandeavemnndnes i

ASC Truck = Alternative Specific Constant mawwﬁaﬂimmﬁﬂqﬂ

ASC Plane = Alternative Specific Constant gaamnadeniadesty
ASC_HSR = Alternative Specific Constant mawwﬁamdﬂmmﬁa@q
ASC DTR = Alternative Specific Constant %BJWWQLaaﬂmVLWVlN@j
B_Cost = fuuszAvdvesalddelunisvudddud e - vn)

B Time = uUszAvvesravnalunsuudadudn (e : $3lug)
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B Delay = Fulsvavisvesnuanldlunisvudsdud e : $3lu9)

B Frequency = Sudsrandveseudlunsvudddui ne ; Wew )

nguiifsatostuuvudiasinisidensuiuugiuninug wuudiasinisidensuuuusunivuy
(Mode Choice Model) (Ben-Akiva, M., Lerman S.1985) LfJULLUUﬁTwamﬁ%’mﬁ’lﬁﬁuLﬁamiﬁﬂquamw
nsidengunuunsiiunauazaudadudn Tnsfidadendnuszneunisdndulaialy enfiiu A
srzmslunsiiuma aldarelunmaidums anuazaanauis snouiterlunsidumas Wudu dmu
n15BATIERRuUTIaeInIsidonunuuetunivugludagiu dndevdiesenluuuudiasuendes
(Disaggregate Model) Fs51eagidunvomguiilslunmaiauinuudians figtail

3.2.1 voufjessnustleviiidedy (Random Utility Theory) ungquiiiiiausigiuin gindula

(Decision Maker) azfiansandeniadeniinelmfnossntsslomigaan Tnsfinueeladuausotald
Tudsmaseilsiduossauselov (Utiity Function) Tasguuuuilsdtusssaussloviannsausn
panilu 2 psdUsznou ldun druusznevresessousylovifiarunsoinanlduiueu (Determinant
Component) wazduessauseleviiiviusauusaruliuiueu (Random Component) MapuRanan
NM5ine mnsRanaInaInnsdsaa sateuanizyana (individual taste) a4 faaunsd (1)

uin = Vin + gin (1)
lngi U, = sssaUsslevidmiudedulanun n Widududend i
V., = duveessalsslvvinialiuiueu dwiuidadula

aufl N WsuFudend i
& = druvesessausyleviitliannsatamiluiueu
e?m%%sﬁéfm%uiamuﬁ n Tiufudond i
ImammﬁawEﬂaﬁ;ﬂ%u%mﬂm"%’umﬂmﬂ%’u’%mimmmﬁmums[,ﬁt,ﬁuﬂ’nmﬁmﬁué%aLé’u Fadl
aunsRsEun1s (2)

n
uin = ﬁOn + Z"i:l inXin + gin (2)

Loy W0 B waz (i = 1,..., N) Ao A mdnusensiwesdmsudinls (Attribute) il

'
a

I LERIDIDINTNAVRIAILUITAIN N NiReTTAIUANUNIND LR

X, _— va o o4 dwe o 4 o = a4 - 3
Ao Yadevsenuautivestudeniifindulanun N denfiansanmaient i lngly
wazvieudsdnwauazaunwuasiadon o1fitu naililumsinds rvuds Suaudien aaaense
vosduA seldvasunna e o1y (Jusiu

322 wuudaesmadenuuuliseiiles (Discrete Choice Models) ngufjossnusgloviidsgy

q

v
o '

Aeeguuanufgiuieddunisnssaevesiwdsiliaunsoinld (&,,¢;,) Ianududaszeiaiu

n-
(Independent) wagiln13nszatgvesiiwlsideduiulusuuuuuniniesuuuudy 9 1w wuudiasdnsie
(Probit Models) ilofuusinisnszangiuuuun® (Normal Distribution) wagukuudnassladea (Logit
Models) Wladuusiin1snszangdikuuiuiua (Gumbel Distribution) #3ensgaemiluuAdagauszinni
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1 (Type | Extreme value) dwsulunuddeiinundnivgfevausdlisulsinisnsgaiefuuuiuug
FegUuvuaumsfanandauadendatunisnszanefuuuund uasvinlvisuuuuaunsiinnudiesionns
3ua5129% (Hensher, D.A.Rose, JM., and Greene. 2005) dmsunisinunsiildidonld wuusasdain
Fsanansouansanshaziduvesifumdumsidensuiuumaiiums faunsi (3)

Pn (I) = —e . - (3)
e

J€Cy

Tnei P.() - muhazduvesiidenvudsdumdduil n 1den
FULUUMSLAUNG
e = /1 Utility vesmaden | vesgiiumsaudi n
= dwnuvesnadentisn

= adend j (saussnn winedu 5o Wudu)

wUUdINadladn Uisﬂa’uﬁwammiasiaﬂsxiwﬁmmgﬂLmeiLaumaﬁﬁaﬁm TagUnfan
wuuaesdifudensuuuunnfumsisau 2 maden wu nadiumsudadudlagsausmniusall oy
Benuuusaeslszaniiin wuusiasdladndamd (Binary Logit Model; BNL) daunuusiassiidsudenty
NFAUNIWINNT 2 MaGeN send wuuTaedadanyuiy (Multinomial logit model; MNL)

323 msUszanaadulssavsuesiinls n1sussanuaduyssansveadwusluilasdu
ossavsglovtiiinsuszannuiognaisds 4938 Maximum Likelihood (ML) 1Ju3smeadaildiuetng
LLWi'MaﬁEJViEjﬂ (Train. K. 2003) (Hensher D.A.,Rose, J.M., and Greene. 2005) Ing#8nn1598935 Maximum
Likelihood anansaesuneldssil

frnquinegnsasdindulaieuniisiau N ey wagUszinsaud n daduladenguuuunis
wunsla o %ﬁﬂﬁmmﬂwzLﬂuwawssmmﬁ%umﬁLﬁaﬂgmwumﬂﬁuma i feniiuaunisd @)

LB =] o] [ P™ (@)

Tne? H = NARAEUAY (Produce Operator) L4y

N
I I net X = X1.X5.X3

L = Likelihood Function
P, = puazdufiypaadl N azdenmadent i
Y = agfawidu 1idleyeead N @denmuden i

yanndudandu o
Jij = ANFUUTEAYSURILUUTIAY
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MsMAINTande3s Maximum  Likelihood annsavildlaglieieyiuddosiiisuiuudas
Amsfweslifiandugud :ntuiddiinmeimeiaiay (Numerical Method) Liemamsfimoslu
uiazdriely F3Adeslasanie 3503 Newton-Raphson Wunszuaumsnszvhen (teration) lnsagvign
n3Ein Lﬁ@ﬁ’mi’m’li@jLsﬁ’lﬁjadﬁ’lW’]‘i’lﬁLma%LLﬁiaz@T’Jﬁ@ﬂﬂ’jﬂﬁ?ﬁﬂ@ﬂlﬁﬁﬁ?ﬂuﬂzj

3.2.4 NFUTLHUNNEDRH 1190510 UAMNNLIZENVDILUUIIaDY (Determining Model Fit )
A ,02 (Likelihood Ratio Index) fio AMA5AT0IMVUIIA09IUN150FUIBAUKUTUTIU (Variation)
20951uU5A1Y (Dependent Variable) wazauaanndatlaensiUieufisufuwuusiassdirinuali
Awslmesyndadanintuaud vieenanaalainlunmsinssduaiuaenades (Goodness-of-Fit) vas
wuuaesiuteya Imﬂﬁhﬁaﬂéngﬂﬁmm%ﬁumLﬁaLﬁaULﬁmﬁ’Um R? Tun1sieseviuuusnaniannesid
\#u (Linear Regression Model) ualuuudiaes Logit asaasivsiagldifunuuidadu (Non-Linear)

o & 2 = (YA 2 i 2 ° Yo =
fatua R Aelduinduan p° Tagan p° @awnsamuwiamlansaunisi (5)

.1 L)
P =110

Tnef L(B) Agaanvas Log-likelihood Fasuuuinaeafilaninnisusenm
ANALReS

L(0) Awed Log-likelihood waauuustaadtunsdiiifmunly

ATdimeInAmAwYInuAUE
2 a Il 1 3 ' v 1% ' ° { v X a
P° awdegsznine 0 Gl lagAwdilnd 1 wansdt wuudtaesiaiisliuaiunsaesune
AuduTussEnineinUsiadueded drilandlng 0 wanein wuudrassiadrsduldainisaeiuie
v o s Y aa [P 2 4 o vy a ' & .
AMNANRUS YR UsAIRTnla JeAn p° AisensulamisiiAnuinndn 0.2 Yuld (TrainK. 2003)
1 2 IS U 491{ = U dld
waznnA1 P JAwnn 0.3 VuUlU wandlesz AU BUTIA
325  mM3Ussnamdussansuesdiuusansienunsinwiasdrsiaguudadudnlusy
Wag3a1 (CUTR.  2004) ladaddudnsnavesdadesig q Ndwmaranisiionguuuun1svudIdunves

Ausznauns lnenuin Yadenaniidusenaunisanflsdslunsouds laun durulaesiuduladafinduas
sULUUNSYUdduAn daandlunnsei 3

M99 3 AN vesladeiiinasierusenaunis

LRI Uady

suyulaeTuiuladasind sunulun1svudsEu
Ruyudmiunsaniunsifeaiuaunulunisvudadu
AuUUAUANILeNoYRE ITUINNT

AMAN YA VRITULUUNTYUES srelIalunIsAuN1
ANUUNYRTD
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NUANY
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AENURMUNEANYDIFUA

YUIAVOIFUAN
ANWUTUIIYIUIN

918N AunwIvesdud
UAPNFUAT
ANurUULLUlunTInasdE LN

AstuaieukarnIsnNsEaeaum

SLYLNGIUNTINFIFUAT

AMANYVBIUTEN

H3uwavdduAAtegusamIdunTalyl
Hasduieglnduuidumeanemdn

Y
a

mammﬂiumwmsaumaq

AstraieukarnIsNsEaeaum

AMUDIUNITINAIFUAN

AAN Y VBIFULUUNITYUAS

AR
ANunTouvedgUnsal
N13IANISTLAMAIN — AUFENEVDIEUAN

fian : CUTR (2004)
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nsdranwAnivreidsvasumsvudsdudluduvesniniguasiensuuinadminly
wdumssalianuigeanenganme-fvalan nui Yadeifidsrngyaeiesinasonisideonsuuuy
nsvudsdudngeiian Ao dadeduaunssdenan Tnsfldndiuiesas 21.82 sesawn ldud Jadusu
Aldineuazszaznanlunsifiuma Taefidndruminduegi 18.18 FseaziBoananisdrsiaiadeiiinaly
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o o
uamsﬁ’ns’mﬂawnﬁua‘lumsm‘ngﬂuuumwudaaun"'l

o
0.91%—_82% \ 3.64%

2.73% -
A m aldarslunisaudeduda

B szezianlumsaudeduda

B Msgywisuazd1znuasdiud
B ANHATIABLIAT

W Invuedud

W sAaua

w AnnAlumMssadeauAn

1 2uIAYaIFUAT

o shwiinzasdum

W agyasdudn

JUN 1 wansdrsadafenisinalunisifonsuuuunsuuddum

4. nan133dY

4.1 iledrramgAnssumsidensuuuunsiiuniwesUssvuudumangamm -fiwaglanly
Yaqdu

NAN1TIATIERAN A YRIAUAT WUl Audluswdls Susiuszinmissaou Auiiivudinasine
s naey nesi gunsalreNfanes unnsasliin saufduimenisinunsiiwan salduaznonliided
smreuinegs dnlvadududiifeanisausasilunisuuds sufduiusiindomeuazuaus
Igtine dedlisurnugualumsvuds fuszneumsisinrmalafiozvudadudlagsaliiauidag

wiludrududmanisinuasifisadiuasdudvilsihuanisdndust (0TOP) lidududedd
arumnrlumsuuds Sniduddassausmnlutegiuduiisdninmssudeiesolianiigenn
dedu Audimandaddnenmiilumsudiiisssuusaliianmiags dsenafinnumnzantusolinieg
Tuduvesdudduivinsiuasauiusziane Faagtusidumsvudddasuislussddlngdundn

1.2 leWauuuiasmginssunisinduladensuiuunisiuneaninsfaunsuuuunis
yudlvylusuian

wansiaLILUUTaeslaglinTaaeuaduUssdniuasaadfveanuudians saufsRansan
\SomnevesdiUsEAvswuIElmLgnes auvnaNauarA LT ANYRILUUTIasNA1 p° 1l
IgfiAuwiniy 0.333 TneandulszAvivasuuusassdanndi 4
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A15199 4 anuddguesdadeninasegusznaunis

Aauds suuuunsvudedudn | Coefficient | p-value
ASC_Truck I0UTINN 0 -
ASC_Plane \A30sdu 6.547 0.000

ASC_HSR solnAISIE -3.988 0.000

ASC_DTR salwvee -1.986 0.077

B Cost Truck IOUITYN -0.045 0.000

B Time Truck I0UIIYN -0.652 0.000

B Delay Truck IAUTINN -1.379 0.000

B Frequency Truck I0UIIYN 0.104 0.067

B Cost Plane w3nedu -0.018 0.093

B Time Plane w3nedu -0.379 0.035

B Delay Plane w3nedu -1.275 0.000

B_Frequency Plane \A30sdu 0.015 0.884

B Cost HSR RN CRRHIE G -0.040 0.000

B Time HSR RN CRRHIE G 0.762 0.000

B Delay HSR RN CRRHIE G 0.959 0.000

B Frequency HSR RN CRRHIE G 0.166 0.001

B Cost DTR solnn1eg 20.055 0.000

B Time DTR solnn1eg 20468 0.000

B Delay DTR solnneg 0.869 0.000

B_Frequency DTR solnneg 0.095 0.354
Number of observations 2,700
Adjusted Rho-Squared 0.333

U truck
U Plane
U HSR
U DTR

0.00 -0.045*Cost - 0.652*Time —1.379*Delay
-6.547 - 0.018*Cost - 0.379*Time —1.275*Delay
-3.988 - 0.040*Cost — 0.762*Time —0.959*Delay + 0.166*Frequency
-1.986 - 0.055*Cost — 0.468*Time —0.869*Delay
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AR TEWesTLTUsEENAluM AT 8B vEnasie sULUUN SRS UdaduAINSallin SN
szuusalanuSigeanengavne-fivedan Uszneuluse Arldanelunisidums sseznanlunisiiunig
ANuatarIIwsluNsIiuINg dannsen 5

A19199 5 anudfgyvesladeninasegusznaunis

, A8 SEELIANNTT ANNEIT AualunS
SULUUNTYUES - 5 o - o
v (v ) AU (Falals) (1) LAUN9(LNET)
30U35%N (Truck) 50 - 60 6-7 0- 30 -
w5l (Plane) 100 - 120 2-3 0-30 .
s0lWA21157g9 (High Speed Rail) 80 - 100 2-3 0 - 30 5-8
solnivsa(Double track Rail) 40 - 50 6-7 0-30 -

NG SIANANTUEIEUAT o 10 Alansu
1. 500530 AnndmsAnudadsanlusudeduivesuiem Wswdldlne uasiusnounisionau
2. 1n3esdu AnndnmAuudaduianedsdud vinonmenudedml way vionmeuivelan
3. sallAnudige Anludnsn 8 - 10 vdenlansu ssezmansavndisiivailan
4. salwneg AnvndnsnAvudadumUssinnian Inenssaliluvissemelne
S8oEIa UM IAUNIE 739 peEIa U UINIVLY (Transit Time) Szeglia1ua1y (Handling Time)

dndiunisidensuuuunisvudaduailuniazuszian wuii goudsduddiulngiuwildunield
salnivnse nedldndiwegifosas 27.71 wavsaussnniosas 56.51 ludivessalanusigdiiiedosas
11.18 Mdenld Jsswavidunnanisiaseinisiudsuguiuurudsdui fw1snd 6

M13199 6 ANudAgvesladeiiinasierUsenaunis

nsidengukuunsvudsdudn (Souaz)
FAUTINN w3eady 3alNAINEE salunneg .
(Truck) (Plane) (High Speed Rail) | (Double track Rail)
56.51 4.59 11.18 27171 100

5. aduTenauasaiUNa

a1 Tvidnenmvssduiilenalumsvudstaesalianuiags wuin Audlusude s
Usslnnidsanu Aumilvudaniiennia ines wasy nesd gunsalneufiames unnsasliin sauedudn
mensineas waliiazaonlifdalismeeutisgs dalugdesnsanumaiilunsvuds sudsdudiuns
siademeuazuoutiliie dedldsuarugualumsrudatuetned wiAudmnnnunsiiinadiuey
dudmilsiuaniandniost lideddanumnilunsvuds

wan1siAsRdnennduiiilenalunisvudsinosaluanudigs wuin dudlsudeSus
Usslnnidsanu Auiivudinaeinia s wase esd gunsainouiamed unaasasluiih saudedudn
Mannensmn nalivazaenliifninse Swulngmsimunsavezulsiutuarnusagtlunis
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uds Tfsemudemeonagnnsueutivesiudn Snitmamsiauuuusiaedasieseitiate onfidu
AUAS SEEvIaAUNY SEezanuuie Anaiuazedlunsliuing wui utlidefidmwate
nsandulaiionsuiuunsvudsduaegaiteddgmnsaii
nsUszendlduuuaestidifunduiessiifuunliufios denldnsvudsssuumasndeiy 01
wiu salinglidndrunisdenldussanniosas 27.71 salwanuiiaciesas 11.18 uardiulngjdang
enldsunuunisvudilagsaussynduffesay 56.51 ieahefuszneunsdsdinginssudafntunis
yuAdmenuL wardyumowumairfausrtunounssuiumslumsuuasuguuuunsvuds Tneinde
szpzauedud (Handling Time) unnninssezanildlunisuuds (Transit Time) Liiosainsseziiandild
Tunswuddldignimual i samsiiunsiiuiuey Fenndimsnalsneieianngadeusoiiions
ﬂuumEJLLav‘Ui‘UL‘UaauiﬂLLUUmiwmmﬂivawﬁmwua Uaensie sdmalvidnaiunisvudsdualaesal
anudigafisndudnds rudenafiteideiauenuglinsrudsdudmesolianudgedduiaald
GR mmmmmaiu@r;ﬁmami‘mgﬂaaﬂqumLawwﬂwmmiaﬂiuLﬂaauamwmaﬂmamil,waiaﬁuﬂ‘umi
yudsauvodudaunnudens uazmsidontinailiswiu iemuduiuazyszansnmgagn

6. darauauu

uanantl mMsvszgnAuuuiaadumsfinui Iilnsmeideyadntludowiulaeliuuudiass
Tadnmmuna (Multinomial Logit Models) Sspaauiifiunssznsvesuvuitassisnandninidediinse
n1sdasangAnssuvesiaunidduaniunisalate n1sfnuiluswianvzdiiunisusegnduuuinges
madenuuuliseiiiastudrint (Advanced Discrete Choice Models) #auuusnass GEV uwaz Mixed
Logit Models ileitaseying@nssuuarsaionvesifiuma suifnananusdendsiussvitsdidenuas
ANV VANENSTATENYDIELAUNNG (Taste Heterogeneity)

a

7. AnAnssuusznnd

YavaUAMaUIvTIMmNTIladaind univendesudgiiyaasnsiy gudanududaniaimnssy
yudsuazimelulaflassadisiiugiu wninendoidednl wagdrinnuulsusuaruunsrudiuasasnas
(Auv.) n3znTsauwey dwsuarueyeneiduteyasudulsylevidonsdnuil
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Smart Lighting Control System with Backup Power
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Abstract
This research aims to design and build smart lighting control system with backup power
using LDR and PIR motion sensors control signals for sending to Adino board for turn on-off the
lights. The size of CA/CT is 13x26.5x44 centimeters consist of 2 LED 12 watt and 12 volt battery.
The test results of the motion sensor performance test is 100 %, average distance that the sensor
detects is 5.11 meters and test results of battery usage time when charging the battery fully until
runs out found that average time is 2.18 hr.

Keywords : Smart Lighting, LDR, PIR Motion Sensor, Arduino
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1. unih

Hhgtundaruduiadeiuguiiddglunsneuauesaudosmisvesuyudislunngaamngsy
waznaniFou ndanuudisniuedrannisiesdimsdnassuazdammdsnilidvimnaiiiome
wazfimuasnadeatunusesnsvesld Inslanzognsds mafiud uiuvesussnsogsioiiles vivls
anudosmslunslindinuiswuissnntunaneig silvidmansenusouasiinvemdanuiude
ninens osmnnineinsideggninnldifiutumuanudemimdsnuiiiietu luvusfindaanusis q
flogognedrfnuazidsazmunly Taslawzegnadanslindanulaih idesananislanfeuiligamgd
vosUszmagety vhliszrnsdosnslindsnulifiniuunduluie wu nsdaldeuvesinas
wwdesuuenna nisldgunsallafiisng q sulufsszuvuasaing damalidinissanlddediotu @ud
AU, 2559)

fedy Fafimsfinuduaiiteansnisaamslinuszuuuasaing lasoanuuunisaauaunIsiney
vosvaenlu FsiivarnvangTBlunisaiuay 85353 Alef wag findua wumydn (2559) lednwuazaiis
Tuaszuumuaumaida-Ualiih Wumshaousuduresdurednmfunisindeuln Wuwesinszey
LazupinTIalueINIY Feiamtazfoulusunsudanuiien1wd Seszuuannsoinauldedied
UseAn3n1n aTi3Ial manuas wazane (2558) taaunssuulda-Ualwnaigluiesuuudnlud@d lag
Usznausy 29asumasdnglilinnszuanss 2asduweingrafunmsindoulm 299sduieoiuas 2993
lulnsroulnsalaeiuazisasiviiad Gaszuuvhmsnsaiaauduiaiuaznsndeulmausaufifnig
ﬂia‘umqu‘ﬁuﬁlﬁﬁmuﬁﬂmams%’uﬁmmmﬁuaqLs?juvua%LLazﬁstﬁw%ﬂwwmiﬁwmumqmuL“a"aulﬁuﬁﬁmum
Liegregndosuazuiiugn 9annsfnwasiiuiinsiaunszuuda-Unlwwuudnludfdaldfinsdrsosu
vouglnaulunsdanidu

NATERlF TN sasszuumuaulimaAuSanssruuuissuudsedial ileussyndldmalulad
viogunsaldidnvseding ilemuaunisila-Uavasslwmadiu lngldlulasaeulnsiasinszgaoiglu Tu
nsmuAuMTNULarnsUsTINana wagiilesainuaenlwiily 1wy vasalvuuouy vaealvauaa
assavievasalitiuiludy ssvhouldfrodelinee-Ynaindnishauesgunsaltu 1 dewe
il FoilFanuzdidoiaunfnlunsfinydunieenuuuuaradeszuumunulimiafudanssuuud
sruudrsedlil iieanuunamsldndanulain mnsamnsoUszgndléinaluladviogunsal
dudnmsefindulflunismusunslin-Danaonluimaiu axdiwannslindmsanuessdudomsils
Wazd81IEANAEAINLAKITUBNGIE

2. Inguszasd
2.1 Wiefnwmdnmshaunazesnuuuszuumuastlimafiuseasssuuuiisyuudsedla
2.2 ileairsszuumunulnmafiudeaderuuuiissuudisodla
2.3 WlovnuszAvBamyssszuumunslimaiuealssuuuiisyuudisedlu

3. /N5

3.1 mIvenuuuszuUmuaslimaAuiRtzuuuiissuudsedla fvdnnisvinuduannsiue
LDR wazduwesnmaduanuedeulniuuudunise (PR Motion Sensor) 91niudsdaaalluds
lulnsroulnsaaesnsenaoiglutiieusyanana uddsdaunueuieldlunisdin-Uavassl Tngszuy
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mvaulinafugansesiuuiisvuvdsedi dssuudsaalvigniudmiunsalludlniansae dadnnis
Mnuvessruuavanlimafudnssvuvuissuudsealnlugun 1

(91,2
lailef

waoalWaIN

Y

ytiaataa7 30 i

(uees1,2

WY e

k.

waanlviay

JUN 1 winmsihnuvesssuuauaulimsfvgasssviuulisyuudrsedlu

FevouivavesszuumuaulimaiusRsoruuuiiszuudisedsl Ao Wugunsalfiannsansiadu
mnuedeulmiaiingadu 5 - 7 wes muaulaglilasreulnsaaesinszgasiglu lidduniuliuas
(LDR) ugunsallunsida-Uavaeslvluazlduunned 12 ladiduundsdrsodln

32 vonuuutunu Tagldgiui ca/cT (Huddadunansesaunuliniglug Sanunta 13
WURIAT 817 26.5 WURMATWAYEY 44 wuRlues daulassaiwendueesiinnuniig 4 wufiwns 813
4 wuRnsuarge 4 wuiwnes tngldvasaliauin 12 Sod 2 aae ieldeusiuAussuu Fefluin
Wurguinans 6 lwuRing 812 7.8 leufiuns faguil 2
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UM 2 Inssasdaiuaulinaiudaniey

Tudhuresnisesnuuuinestiuasuueandu 4 dfe N15e9nkUU9asAIVAN LDR NM3DBNKUL
ATAIUANLEULTDS PIR N1590NKULIITAIUANEE I PWM Lagn1500NwuUUNITAALTIN
3.3 DBNWUUNVUIALUALMDS AYdUN15N (1)

Maslirvedluan (w) x szeznainaanisiaanu (hr)
(1)

VUINVBAIUANDT (A/hr) = " " — 3
wsssulnihvasunnes x Useansnmuaunnes

3.4 gufiunsasieszuumuaulinafugansesiuulssuudisein
3.5 Musgdvizninvasszuumuatlivnafiudassuzwuulissuudsaalil

4. NaN153Y
4.1 Wefnwnannisviausazeenwuuszuumuat i aiudaasesuuulissuudisesi

Tunseanuuuaesauan LR senuuulaslduasnansglududinmununisineu wese vCC u

Wideq LDR wesn GND dwsusiansmduazwesa A0 luwesmendng dgud 3
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R1
1000

E‘Uﬁ 3 N139BNLUUNIIAIUAL LDR

<@ s v 4 4 (= LY o 4
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Abstract

Wind power technology had been studied and applied in small, medium, and large scale
projects. Especially, wind turbine technology for low wind speed has been interested in many
communities in Thailand. This research presented the efficiency of vertical axis small wind turbine
for electric generation at Thung-Thalaykeaw in Phitsanulok province of Thailand. The Artificial
Neural Networks (ANN) was proposed to estimate wind speed using wind turbine generator for the
low speed wind design. Design of wind turbine for electrical power generation was 12 VAC 600 W
at 2.6 m/s of wind speed and installed at 20 m of height. It was charged to battery, 12V 100Ah 2
Cells. Conversion of direct current into alternating current was made by inverter size of 1 kW for
supplied to electrical load. The experiment revealed that there was a relation of wind speed,
blade speed, output voltage, and charging period of battery. At 2.6 m/s of wind speed, the result
indicated that blade speed was 167 rpm, generated alternating current voltage at 12 V, and a
charging period of battery was 2 hours. Current was supplied to car park lighting with 15 units of
36 W fluorescent lamps. The result showed that 90 % of electrical cost was saved when the

system was connected with the electrical generation system.

Keywords: Wind Power, Wind Turbine, Electric Generation, Artificial Neural Networks

i o d

UN 4 aUUN 2 NgunAAY — R9UIAY 2562



84 Industrial Technology Journal — R\ow

1. Introduction

Energy is one of the important factors to affect country development in many ways.
Electricity is the main source of energy for industrial production. At present, the demand of
electricity has increased continuously. Moreover, the present electricity resources in Thailand are
petrochemical products such as natural gas, oil, and coal which were non-renewable. For this
reason, renewable resources to produce electricity are interested, such as wind, solar, wave,
biomass, and hydro-energy. Energies from natural resource are renewable, clean, and non-
polluted. Wind can be used as a resource for electricity production but the unstable wind speed
and directions are main problems. Therefore, it is interesting to study wind speed from local area
to estimate the probability to install wind turbine.

In this research, the Artificial Neural Networks (ANN) was proposed to estimate wind speed
using wind turbine generators in comparison with data from Pibulsongkram Rajabhat University in
year 2009 - 2012 to estimate the accuracy estimation of ANN and then used data to design low
speed wind turbine. Wind turbine for generating electrical energy was used in form of kinetic
energy into mechanical energy then it was transferred to generator. Presently, the use of small or

large wind turbine is based on wind speed of each area.

Fig.1 Placement of coil and magnetic for wind turbine

Neural network

Neural network from nervous system is a network to be used as a Mathematical modeling
tool. Nervous system is the system with massively parallel distributed processor which has an
ability to store and recall data from learning experience. Nervous system is a brain alike where
data are stored via learning process in a form of free parameter in the network. In general,
nervous system composes of computing node or neuron in a form of network.

The normal structure of ANN is composed of input, hidden, and output layers. In input
layer, the neurons accept the outside stimulation as input. By inputting the training data, the

experience values in the network are changed by the training. Such a “learning experience” is
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stored in thresholds and weights. Normally, these inputs are often critical parameters that affect

the system are shown in Fig 2.

Input layer First hidden Second hidden Output layer
layer layer

Fig 2. Structure of ANN

Model of neural network
Neural model is a nervous system which composes of a single neuron with weight balance.

Connection and threshold are shown in Fig 3.

Inputs
Y1 Wi
XR  o(y) Output
o Wh ¢ gD(l) :D
° Hard
W, limiter
L v}
X Threshold

P

Fig 3. Model of ANN

so
xi : Data input into | of neural

wi : weight of neural
0 : Threshold
( : vector input
From model can be written as an equation.
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Transfer function

To be able to choose transfer function, the analysis is performed to suite the system or

problems which is to be solved. There are several types, for example

1. Hard limit
y=0 if n<0
y=1 if n>0

YA "

\E}

2. Positive linear

\E]

3. Log-sigmoil

\E}

4. Hyperbolic tangent sigmoil
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YA

\E]

Learning Rule

In the learning rule or training algorithm to design neural network, the main part is to find
the parameters of the system which are neural weight and bias value which can be divided into 3
groups.

1. Supervised ANN:

The supervised ANN requires the sets of inputs and the outputs for its training. During the
training, the output from the ANN is compared with the desired output (target) and the difference
(error) is reduced by employing some algorithm. This training is repeated till the actual output
acquires an acceptable level.

2. Unsupervised ANN:

The artificial neural network, which does not require a superior or teacher for training, is
known as unsupervised ANN. In competitive or unsupervised learning units of the output layer
compete for the chance to respond to a given input pattern.

3. Re-enforcement ANN:

In this learning method, the learning of an input-output mapping is performed through

continued with the environment in order to minimize a scalar index of performance.

Experimental Design

In this experiment, data of wind speed from 150 W, wind turbine generators were
compared with data from Pibulsongkram Rajabhat University by using MATLAB program. The
simulation of ANN was investigated using input data from wind speed collected at the station
from 2015 to 2016 showed in Fig 4 and Fig 5.

Then they had to predict 1 year from January 2017 to December 2018, compared to the

measurement of wind speeds at to vertical axis wind turbines.
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o 2016

0.00 1.00 2.00 3.00 4.00 5.00 6.00

B Wind speed Avg...

Fig 5 Wind speed in year 2016

Experimental Setup

Data from ANN simulation was used to design low speed wind turbine. The wind
turbine to generate electrical energy for this research was shown in fig. 8. The wind
turbine consisted of AC generator capacity 12 VAC 600 W at wind speed 3 m/s and was
installed at 20 m of height. Generating electricity would be paid to battery, 12 V 100 Ah 2
Cells, by conversion from direct current voltage into alternating current voltage by
inverter size 1kW after that it would be supplied to electrical load to figure out the

efficiency of electrical generating system of wind turbine.

+
—
12VAC
A
—0—@ )/iO L
—_— B i Single Phase| o
12vDbC 7/; Inverter 220V AC A
c | D
o
E— on
—_—

Fig. 6 Schematic of the experimental setup
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Wind speed at installation area of wind turbine would be measured and recorded during

the experiment. It would then calculate the average, maximum, and minimum value of wind
speed. After that, the data would be used for the design of wind turbine to appropriate with
wind speed at installation area to maximize efficiency of system (see. fig. 6). Average wind speed
from data was about 3 m/s and then designed size of wind turbine was 600W. The formula for

calculating the size of wind turbine is shown below:
wind turbine sizing (W) = 0.15 x d”x max speed’ (3)
Hence, calculated wind turbine sizing was 2.4 meter in diameter. Selected type of wind

turbine was HAWT. The calculated wind turbine was built and installed at Thung-Thalaykaew (see
fig. 7).

Fig. 7 Installed Wind turbine at Thung-Thalaykaew at 20 meter of height

Electrical voltage from wind turbine would be tested by calculation for blade speed at
wind speed 3 m/s, blade speed of wind turbine as calculated was 167 rpm. Blade speed would

be controlled and output voltage would be measured by oscilloscope (see. fig.8).

Oscilloscope

|:| °©
—
12V AC
Ao o
— B
R
—
—

Fig. 8 Schematic of equipment installation
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The testing of voltage charging period to battery would be tested by measuring electrical

voltage and electrical current output from wind turbine by installing the charging controller to

control electrical charging and recording of charging period (see. fig. 9).

[ I°°
> ®
o
—
12VAC
A
o
— 8
8
—
@

Fig. 9 Schematic of charging controller installation

Measured data would be recorded during wind turbine operation, such as wind speed,
blade speed, and output voltage. Then they would be used to analyze the relationship of each
value to improve wind turbine (see fig.8).

Wind turbine would be tested during the operation by installing inverter size 1kW for
converting direct current voltage to alternating current voltage and supplied to car park lighting
that consisted of fluorescent lamp 36 W total 15 units. At the same time, wind speed would be
measured and recorded, together with output voltage of charging to battery and voltage supplied
to load. The period of testing was 1 month then the recorded data would be used for analyzing

to improve the system continually (see fig. 10).

A
Charge
Controller Inverter LoAD
B ;
—

Fig. 10 Schematic of operation testing

Result

In this section results were presented. ANN would modify the weights and thresholds to
learn the optimum behavior of the system by many epochs of learning samples. The learning
method used during the process was gradient descent with moment weight change and historical

learning experience.
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The network of ANN use Tansig of transfer function for input and Purelin of transfer
function for output. Input data was value between 0 - 1 from neural weights and bias value of
ANN network would start from random value. There requirement of goal was zero and ANN had
been learning from wind speed record in year 2015 and year 2016 for 500 cycles. And it was
obtained 0.0573294 at Epochs, which was the nearest goal from this data group showed in fig 11.

Performance is 0.0573294, Goal is O

10
10°
g 10'
=)
@D
>
£
£
=
£ 10°
10t
10 L . L L
0 100 200 300 400 500
Stop Training 500 Epochs

Fig 11. Training Epochs by ANN

The error of wind speed data averaged at 1.29 meter per second. The error of the lowest
wind speed averaged at zero m/s and the total average error was 0.29 m/s, these could be

observed from fig 12.

Wind speed (m/s)

6.00

@ Prediced wind speed (m/s) @ Actual wind speed (m/s)

Fig 12. Comparison between predict and actual of wind speed
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The testing for electrical voltage from wind turbine at blade speed 167 rpm found that

electrical voltage was 12 V and frequency 16 Hz. The wave showed at oscilloscope, sine wave

(see fig. 13).

Tek e

r‘/\\

R

CH1 10.0%

Fig. 13 Voltage from wind turbine
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The relation of wind speed and blade speed of wind turbine (see fig. 14) found that

maximum blade speed of wind turbine was about 170 rpm at wind speed 4.5 m/s, minimum

blade speed was about 100 rpm at wind speed 1.7 m/s, and average blade speed was 133 rpm at

2.84 m/s.

The relation of wind speed and output voltages (see fig. 15) found that maximum output

voltage was about 15 V at wind speed about 3.4 - 4.5 m/s, minimum output voltage was about 6

V at wind speed 1.7 m/s, and average output voltage was 13 V at wind speed 2.84 m/s.

The relation of output voltages and blade speed of wind turbine (see fig. 16) found that

maximum output voltage was about 15 V at 160 — 170 rpm, minimum output voltage was about

11V at 100 rpm and average output voltage was about 13 V at 132 rpm.

Average Wind Speed (m/s)

06:00-07:00
07:00-08:00
08:00-09:00
09:00-10:00
11:00-12:00
12:00-13:00
13:00-14:00

10:00-11:00
14:00-15:00

Fig. 14 Average wind speed in during time
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03:00-04:00
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Uit 4 aviuil

4 QUUN 2 NOEAIAU — AaiAu 2562



94 Industrial Technology Journal .['77

Relation of Output VVoltage (V) and Average Wind Speed (m/s)

3.6
2.8
2.8
1.7
2.5
1.9
2.3

Fig. 15 Relation of wind speed and output voltage

Relation of Output Voltage (V) and Wind Turbine Blade Speed (r.p.m.)

15.2
13.8
155
145
151
138
18.4
16.1

13
15.2
121

Fig. 16 Relation of output voltage and blade speed

The result of testing during the operation was shown in fig. 17. The output voltage from
inverter could be supplied to fluorescent lamps of car park. The result showed that 10% of
electrical cost was saved when the system was connected with the electrical generation system.
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Fig. 17 Output voltage from inverter

Conclusion

The neural network could be used to predict the wind speed from different location but
there were some errors from unstable wind speed. However, the average of estimation was
acceptable. The average of wind speed for the whole year 2011 at the installation point averaged
at 2.2 m/s from predicted wind speed by ANN and average wind speed from actual was 2.5 m/s.

The average wind speed was at 2.2 m/s, produced the blade speed of wind turbine at
approximately 110 rpm and output voltage was at about 12 V. However, if the wind speed was
less than 2.2 m/s, it would be result in the decline of output voltage. Therefore, optimized wind
speed should be more than or equal to 2.2 m/s.

The designed wind turbine installed at Thung-Thalaykaew, Phitsanulok province got the
potential to develop but it still had some drawbacks which needed to be improved. For instance,
the battery could not be charged when wind speed was both lower and higher than the average
wind speed. In the case of low wind speed, the output voltage could not be charged. However,
when the wind speed was high, it resulted in the folding of turbine tail. Therefore, multiple wind
turbines should be installed in order to improve the system. In addition, the use of other
renewable energies, such as solar energy, combined with this wind turbine is recommended.
Thus, this experiment found that the designed wind turbine might be used in areas that similar to

Thung-Thalaykaew.
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