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Abstract

The aim of this research is to develop a web application for car storage management that utilizes online
notification information via LINE and evaluate this application via testing and questionnaires. We designed and
categorized this application users as three groups: service providers, monthly and daily customers. The service
providers can register member and cars information, sign deposit contracts, accept payments, and notify monthly
customers regarding payment times and the contract expiration date. For daily customers, service providers can
register and return cars information. notify the return dates and closing times. In addition, the service provider can
print your deposit report, set store opening and closing times, and set payment rate. For monthly customers, they
can view contract information, payment information, receive notifications via LINE. And daily customers, they can
receive the notifications via LINE.

The results of the research found that this web application can works properly. The evaluation results of 35
testers on the performance satisfaction of this application show that are at a satisfactory level, with an overall
average of 4.39 and the standard deviation of 0.68. This web application can be used to simplify the management
of car storage information. Further work can be developed in the automatic renewal section without entering into a

new contract, thus making this web application complete and available for further use.

Keyword: Car Storage Web Application, Car Storage Management, LINE Notification
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UNANED

MAdeildAnuuTinuiiuednnu atlusedey qnifueuyadassuasiuuuaiiFelurosnuesasatnan
wWaendann (Garcinia mangostana L.) wuinansainainiudeniaaaiiusunamueingiu 0.181+0.009 mgGAE/gDW wavnal
Taugd 57 1.32+0.60 mgQE/gDW & sganinansafnianaunsgiu nsnaaougvsfuoyyadaselagldis DPPH radical
scavenging assay LLﬁﬂﬂIﬁLﬁu’hmiﬁﬁlﬂmﬂL‘Ua‘aﬂﬁﬂQﬂﬁﬁﬂEJﬂW‘Wﬁﬂuauﬂdaaﬁizﬁaﬂ’jﬁa’liﬁﬁﬂu’lmigﬂu Yonaninismadeu
qrsmetuuuaitiFeludesunnuesmsataainidentsnnlags disc diffusion assay fidurugudnansiuiiduduadeUszum
9.2720.2 mm wansAnwiiuandlifiuhasatanniudensmeidnenmlunsifauifimfuandudnndmadenlunsld
Juansiunuaiiiselugesuin

o

AdAy: Waendaae, wuaniseludeslin, ansiueyyadase

ABSTRACT

This research studied the total phenolic content, total flavonoid content, antioxidant activity, and antibacterial
effects in the oral cavity of extracts from mangosteen peel (Garcinia mangostana L.). It was found that the extract
from mangosteen peel had higher total phenolic (0.181+£0.009 mgGAE/¢DW) and total flavonoid content (1.3240.60
mgQE/¢DW) compared to standard mangosteen extracts. The antioxidant activity tested using the DPPH radical
scavenging assay showed that the mangosteen peel extract had better antioxidant potential than the standard extract.
Additionally, the antibacterial activity in the oral cavity of the mangosteen peel extract, tested using the disc diffusion
assay, showed an average inhibition zone diameter of approximately 9.27£0.2 mm. These results indicate that the
mangosteen peel extract has potential for further development and serves as an alternative for use as an antibacterial
agent in the oral cavity.

Keywords: mangosteen peels, oral bacteria activity, antioxidant
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2.1 a9 gunsaluazansiadl
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ansafalUfenianAuInsgIu (Garcinia Mangostana Peel
Extract; PYCM Usewebng) wuniuea (Kemaus; Australia)
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41086; Germany) 2, 2 - diphenyl-1 - picrylhydrazyl; DPPH
(Aldrich#D9132; USA) @i (Glentham#GP9232; UK)
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dndenidenilinamdedisannnsuilng venuld
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Ciocalteu reagent [22]
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Ciocalteu reagent 100 pl #aiisly 5 it Aigamaiedludi
in Rua1sazaty 15% Sodium carbonate (Na;COs) 80 pl
Faitali8n 90 unit Agangdvedufiin snduidluiams
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fvfe BioTek Ju Synergy H1 ¥nsneaen 3 ads uduhly
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WU uiunsmvesansasaeuInIgIuNTaLNaan

2.4 nrsvivFurunanliusea saulae
Aluminium chloride colorimetric [23]
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AU UTY 0.016 mg/ml -1.000 mg/ml Laza15azaly
wnsgrumediuduaisazarsuinsgivaclululasiwan
96-well HNaTazae 5%Sodium nitrite (NaNO,) 10 ul s
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nm faeLA3eq !\/\|crop ate reader %o BioTek i‘u Synergy
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2.6 ﬂﬂi%ﬂaaqu'ﬁﬁﬂulﬁ}’a Streptococcus spp.
waz Rhothia Spp. 1ae35 disc diffusion assay [25]
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215489 Miller Hilton Agar (MHA) ey Ml I paper
disc YWIPEURUANE A1 6 mm AIULIUD WA BT
MHA mﬂuwammsaﬂﬂLﬂaaﬂmqﬂml,mum 10 pl wazld
20 pg/ml Chlorhexidine Ju positive control mmfuﬁﬂﬂ
Umdsadefigungdl 35 - 37 ssensaidea (uinan 24
Falus wdhanfauiadusugugnansesusnugud
(inhibition zone) 15 0131la (clear zone) Iauld vernier
catiper luming mm ¥nsvaaesn 3 ass

2.7 msmszidayanieata

myagaﬁywumzqmwﬂugﬂﬁuaq Mean and
Standard Deviation (mean + SD) Ing¥in1smaaessnsuIy
3 A% wazdunalngldlusunsy ANOVA

3. NAN159IY
3.1 nMsnadaumuaansauvasdsanalaan

N13MAaRWNUeAN TNV TN AAALIATEIU
(MO) uagansafiaudondann (ME) lWTsuiiuiuansazany
unsgrunsaunadndsldidu positive control (1wl 1)
Wy At uduvesnsaunadnifindu A1 oD fazden
ity wagen OD daniivduegsnniienududuresnse
wnadn 0.13, 0.25, 0.50 way 1.00 meg/ml wanslwiiuin
USuransaunadniil ud uuusdunsadua OD uaziile
Wisuieuansanaiineunsgiu arsanadendenn uag
NIALNAAN LWIUAIINLANAIIAT OD Vo 15dnndeAn
W95 asadaUdendann waznsawnadin laegedniau
Fiaududu 0.13, 0.25, 0.50 way 1.00 me/ml wazasann
fanALnsgIU Aiian OD Windudesiian arsataiuden
fape dd1 OD Lﬁw'fuaEg'iwdnmiaﬁ’mﬁmmnmgmLLas
nsawnadn deiien oD WudulndiAssduaisainiling
119557 uAiA1 OD Wad ulfesndnnndaifisuiunsn
wnadn Wedirsiuiinuasusenaufiuednsaulasiiiey
AUNTINVBIATAZANENINTTIUNTALNATNTaUNTIdUASS
Ay = 1.5636x + 0.0428 (R* = 0.998) wuasanaLUaen
Feaauinsgiukazarsannanildendenad yTuiu
a15UsenauN ued NI NN U 0.081+0.005 waz
0.181::0.009 MeGAE/eDW aydndiu (ans197 1) axiiulen
asanaldendaneduTunaasuseneuiluednsiuuinnia

ansanndanniInTgIY

Phenolic content

@ MC
| ME
05 W Gallic

0D value

0.02 0.03 0.06 0.13 0.25 0.50 1.00

Concentration (mg/ml)

A 1 NINUARIAIAANTULES (OD value) Uanee
UBinaansuseneuituedniinnudiudusig 4 (me/ml) ves
asaindannunggIu (MC) ansanawdendenn (ME) way

nsakNadn (callic acid)

o
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o sSEsUIna
IIETIVY W( nsJvinw

a a A a v o
713719 1 USNUa17UT2naUnUaanIINYNd1TanauAn
1193514 (MQ) asanmldendean (ME) A1uudu

A15197 2 YSunauansusenaunanliueensiy vesansans

FaRAN1AsgIU (MO) ansadalUfensdana (ME) anuidudy

1.000 mg/mL 1.000 mg/mL
U3ueu (mgGAE/gDW) Usuas (mgQE/gDW)
dsann Asai " dsann adedi -
1288+SD 1288+SD
1 2 3 1 2 3
MC 0.074 0.082 0.087 0.081+0.005 MC 0.51 0.49 0.39 0.47+0.05
ME 0.184 0.192 0.168 0.181+0.009 ME 1.25 1.31 1.40 1.32+0.60

3.2 MnagaumasUsznauna lIueeAsINYBY
dsanaaening

1INNINAABINIATUTENBUNAIUBEA TINVDS
a1sannlenANInsgIu wazarsanaldendennlag
WisuisuuasazatsinsgIuAaediu (nwd 2) wui
A1 OD 9734ANMLTUTU 0.015 mg/ml f9ANLTuTU 0.06
mg/ml ¥4 a13anndnaN1InTgIu arsadadenden
wariarediudarilndifsatuun ssdiuauuane i
FArouvosA OD fausruudy 0.125 me/ml tfuduly
el suiiisudn arsatnifenauinsgiu ansadaUden
F9An LazLAed iy FausALTNe Y 0.125 mg/ml, 0.25
me/ml, 0.50 mg/ml kag 1.00 mg/ml agWUI1 @15aAn
Waonsenn Sn1sifiutuvesdl OD sg1sreiilesunziiiuiy
UINfign s04a987Ae LAed iy uavansanainaATEIU
auddy Wemuinuinuasusznaunalivesd sau
WisudunsvvesansazalenInsgIuAlednulaedaunis
LWdUmss Ao y = 0.3355x + 0.0738 (R = 0.995) WU11&13
anadendinnuinsgiukazasanadondenn duUsunu
arsusgnaunaliueefiify 0.47+0.05 wag 1.32+0.60
mgQE/gDW (151971 2) azuiuleinansadaudensisnadl
J3uruansusznaunatliuegasiuuinninaisanndene
wasgIu Snitensataudenifinadsiiviinaamsysenoun
arlhuesd sauu1nnI nared Aud A duduifeafy
(A 2)

Flavonoid content
0.6
0.5
0.4

03 @ MC

02 | ME

QD value

W Quercetin
0.1

0.015 0.03 0.06 0.125 0.25 0.5 1

Concentration (me/mU)
AWl 2 nyMuansAgANAULAT (OD value) LandAn
Usunaansusgneuviailiuesdsaufiannandudusing
(mg/ml) vasansanadenaunsgu (MO) ansainiuden

19A0 (ME) wagime@fiu (quercetin)

3.3 n1sMAdoUnNS Auayyadaszuasansain
wWaandenan

INMITVAFOUNTNARB UV VS TUBYYABAT VDS
asanadendann i35 DPPH radical scavenging assay
Wisuiisuiunsaueaneaidn (ascorbic acid) (AN 3)
WU Tug29AduTy 0.015 meg/ml 83 0.125 mg/ml 1
AYUHUNIUYDIAIT DUATNITA1UODNT AT UVDI DPPH
radicals LANAIAINAMLTNTY 0.125 mg/ml ANTa8aZNIS
AueeNTAtuYes DPPH radicals vasansaindinnuinggiu
asatndeniiinn wagnsnnoanasindniaifiuduognad
Toddy 1l aUSeuiivuadesaznisdusendinduves
DPPH radicals ¥04a15aindsAnu1nsgIu a1sanaldon
fann waznsaweanosin wuitASosasnsiueendndu
994 DPPH radicals 904n3nLoanoiinuniian sesaenfo
asanaasndenn wazasaindenaNIngTgIu AINEY
nIneassuansbiliuitansataioninaiiuszansanly
NsAueeNBTuUNINAIIANTANRTIANLINTFIY

DPPH assay
100
80
60

@ MC
a0

% inhibition

W ME
20 W VitaminC

0.015 0.03 0.06 0.125 0.25

Concentration (mg/ml)

a

AWl 3 ﬂi'wxlLLam%faaazmiﬁug’aa%aaais (%inhibition)
Annandudiusingg (mg/ml) vesansarasianasnnsgiu (MO
ansaindendann (ME) uaznsaueanasin (ascorbic
acid)

3.4 N1SNAEIUGNS A 1ULT dUUAN 138
Streptococcus spp. wag Rothia spp.

)
S v =

NANISNAFBUOVISAUTBRUATILE Streptococcus
spp. kg Rothia spp. A18735 disc diffusion assay U84d19
afadenifann (15197 3) wuin Aade inhibition zone
94 Chlorhexidine fdusiuguednatadl 1685:02mmuay

'
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arsafalUdensiana f1lad e inhibition zone S1AUNY
Audnansit 9.27:0.2 mm duansarafanauinsgiu luiwy
nsdudade Streptococcus spp. wansliiiudn a1sade
Waenitae Sgnslunisdududewuaiise Streptococcus
spp. WAasn11 Chlorhexidine daumwmaquéﬁmﬁa
WUATILSY Rothia spp. vasansafmuiendenauazansane
fmAInIgIu liwunsiuide Rothia spp.

= & A o G S YooY
M3 3 WUVINSEULN (inhibition zone) VDIEAIFNANIAA
URIPU miaﬁ’mﬂﬁaﬂﬁn@m kag Chlorhexidine

Huiin1ssuds
(inhibition zone)
Compound Streptococcus spp. Rothia
spp.
Chlorhexidine 16.85+0.2 14.32+0.3
MC - -
ME 9.27+0.2 -

4. #5UNaN133Y

miaﬁmﬁiélﬂﬁaﬂﬂmm WU INNITNABBINT
a15Usgnaufluednsiu a1sanmiddenaindnall
a15UsEneuluednsIn WINNIasaiafnAu1nsgIu 210
NINAa0INIA15UITNaUNaIlIueEA 9N WUIIEITAN
Wasndeandarsusenaurailiuesd sauuinninansania
fanAuATsIY WagansarmeanAITILAedAun LTy
ety nsnaaounIqns dueuyadaszdae3s DPPH
radical scavenging assay Wu31@15an aldensem all
UsgdnFamlunisdrueendinduninnitaisadndenn
NI uonanil wamsmaaqu%{ﬁmﬁaLwﬂﬁﬁaﬁw
3% disc diffusion assay wuinansadaludensanasiade
inhibition zone HWduUK UAUINATG 9.2720.2 mm usilainy
nstfudade Rothia spp.

MsfnwImUsINaLazIRIIioIAUTZNoUNINLAL
vasansaiaUiondeng Wudﬂumiaﬁmﬁmmﬁy’u Tansdman
nauueulnuy laganizueari-uuelnady (a-mangostin)
Lﬁuaaﬁﬂ'ﬁmawé“ﬂﬁ']ﬁzyuazﬁﬂ%mmﬁgﬂ dloadngaem
uea §awan13An¥IRIna1IdenAd oIt uNISANYITe Y
Pedraza-Chaverri J. [26] Awudnans a-mangostin 1A214
ufivdewadsnsniedisn uilgnimadanmitddny 1eun
QB Fueyyadasy qnidun1TSniay wazgvsdugadn
agslsfinny U%umﬁuaaa’ﬁé’]ﬁm‘iumiaﬁ’ﬂﬁqqmgﬂ‘ﬁuagﬁ’u
Uadusing 9 Wu aneiuguesdang szoznaTunAuien

Tmawieuingauneunisann gaumall ANUdUTUYaen

YMara1y karseezIaluNISann F98190NaMRAINNAIRT

Y99 a-mangostin kara158 u 9 lung uurulny 19y
y-mangostin fislqnsiueyyadaszituiu Jademaiens
dwmansznusienuaiauevesnsatmluLsasass
NKANIITNAABINUT A1 Tan A endeandl
Usgdndan Iuﬂ’uagamﬁm?zyfuaa Streptococcus spp.
IfﬂEJLQW’]Ba’]EJWuﬁ:‘ﬁI@’H]Lﬂua’]L%G}Lﬁlﬁnﬁﬁ@ﬂﬁUﬂ’]iLﬁﬂiiﬂiu
Y93U7N W Steptocoacus mutans Sadusnmevdnuositug uag
S. pyogenes Tiigtostumsinidomadumela n1seen
ansvesmsatndanadand1no1aduius fuaisuaulny
TngLan1e a-mangostin iaunsaviatewuaiiselaglusu
fulpssadrevemtfamaduundise Snadadudanssuiuns
Fuagiusiuneluwaavesiuaiiise [27] agelsinng
nan1svaassduansliiudiansadadonsdann
aunsadudade Rothia spp. Melusydunis Fedmdu
1o normal flora finuvesludesuinuazniaiuniela
FruAruANanIzUnfludeslin 9e13duUsslevilunng
AIUAUNITUNINTzIeTonolsaldlugasUnld
NANENFITE mmsmiwLﬂﬁaﬂﬁqamﬁmﬁaﬁqmﬂ
nsuslan vilifyaruazamAiundulasnisisiaun
Wundndusidmiutesuin wastiludeyanmuinssulnd
miaﬁ’mLﬂaaﬂﬁd@mslumﬂﬂuﬁamsﬂ’uéy’ﬁL%aslu‘*ziaqmﬂ@ialﬂ

5. inAnssuUszne

YeueUAN AMNTOHTINLITE 1nTesileuay
gunsalluiesJUinis uazvevauANAMIAITI A1
Angreanifiugiuuarinermansnsunng anzaning
Aans W Ine1ReUYNentl
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UNANED

nsAnwmavennszdunatan (Plasma Activated Water: PAW) denssudsnisiaiauesyaunisludnadaluns
ulda (Green Oak) Faduingauiifiarundenanwmadailfiendsnsiiuiedadlamgmanunndunses mmaaeuld
foghsinadalun3ulBanuin 3 x 3 cm. sUkULUgn 2 sUMUURD wuuasiu (N) uasUgniuulelastuiing (H) wazih PAW
KARMTe LU Lsliieneengsan 15 Alaliad deliihussiugauuuiadiduna 25 uii anthaidnadelu o3
ulBadudnedne PAW uiian 10, 15 uag 20 unit iisuuiudnsdethussur anturhnmsnageunisdudsnisasyues
QAUVEHFIENTUATILY Total Plate Count (TPC) wutnaiadnyvesgdurisiuiiuualiufianasann 1.53 x 106 asanifu 5.00
x 105 CFU/ml vosdinadnluniuldaiiinsUgnuuuasiu uag 1.77 x 106 asaadu 5.61 x 105 CFU/ml Ugnuuulelasiuiing
pad ity Tudrumsideuutasosd Color Difference (AE) nuiuulihmesdvdanmssedndluwsias ululifinadenisfisdu
936 Color difference uagerdunsn - Aewos PAW fidnsening 6.7 - 7.5 fefindrandreduagiiuinds 3 fuls dad
warsuansafisadntiovieliifinanseny ilesnedestunuutiigtunssduimanauifissseuiier Ssnindnasusulss
sUsuunaRAmnsunaANuUUaressuen JussUU LUV N Seu AT lagmss evwanisvanes ez
wazIpulsEAvsnmnsiudateduadluinadaluniuldalusuensely

v
° v o 1Y

AdnARY: WnseRunaaun Anadatuniulia Wwegaunsd

q

ABSTRACT

This study examines the effects of Plasma-Activated Water (PAW) on the inhibition of microbial growth in green
oak leaf lettuce (Green Oak), a postharvest perishable crop prone to biochemical deterioration primarily caused by
microbial contamination. Lettuce samples measuring 3 x 3 cm were collected from two cultivation methods: soil-
based (N) and hydroponic (H). The PAW was generated using a prototype device with a maximum output voltage of 15
kV, delivering pulsed high-voltage electricity for 25 minutes. The lettuce samples were then immersed in PAW for 10,
15, and 20 minutes, with tap water immersion used as a control. Microbial inhibition was assessed using the Total Plate
Count (TPC) method. The results showed a decreasing trend in microbial load, from 1.53 x 10° to 5.00 x 10° CFU/mL
in soil-grown lettuce and from 1.77 x 10° to 5.61 x 10° CFU/mL in hydroponically-grown lettuce. As for color changes,
the Color Difference (AE) analysis revealed no significant variation in color over time following the washing treatments.
The pH values of PAW ranged from 6.7 to 7.5, indicating no substantial impact on acidity or alkalinity. As previously
discussed, the three variables microbial growth inhibition, color difference, and pH showed only minor or negligible
differences. This is likely due to the current prototype generating PAW in a single activation cycle. Consequently, future

developments are expected to focus on enhancing the system, such as adopting a mist-circulation design or applying
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plasma directly to water. These modifications aim to improve the analysis and comparison of PAW’s antimicrobial

efficacy in green oak leaf lettuce in future research.

Keyword: Plasma Activated Water, Green Oak lettuce, Microbial

1. uni
Tutaguarulenlunisuilaadnadauwasinlula
dintuoghatiulddnidunduauiuliuasnguigeony tade
d1d i danaliinadnnatedui Toveg19uns nane
Usznaudensnssmindaguamiiatunasnisquaguina [1]
%dﬂﬁmwﬁﬂﬁnqmmwLﬂu?ﬁﬁﬁwm’mﬁ’lﬁ’zﬂmﬁLﬁumm
Jeulunsuslnafnadndadudnfideaniuan wenarntuin
aandliauaIn1seInisas lnsanizlnives uaadeu
Fandud Infiute uardsgeulusassaning A srdostu
NITUIUNITAIATIZRAELES Tawn Aaslsiad wazualsd
B sdsansonsdu q Milnuavieduilan [2] uifiins
muinanazduszlevisoguainlunanesiiu uafduadeuis
Usensiimisseds nanfefinenuvansatuifeaiunisiia
Tsao1msiJunwannnissulseniuenan  [3, 4] wazns
aTInudunsdnelsanangviinluinanvesusemalne [5,
6] uenANTUATNUIATTILAUR NN UATUALBMNTUNITIR
seyirAudialng iwu dndideeenluanamglsudauiunain
ddrmelvgasanugdunisuuioneduraidesiosads
TagLany Salmonella spp. Way Escherichia coli [7] A%
Safliavenavienisuslaadnitldldrunsyuiuntsanide
Isneghamuzauenaiivaudssienisinide fuiuiell
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ABSTRACT

This research aimed to investigate the influence of flow obstructions on the movement of paddy grains within
a drying chamber utilizing infrared heaters as the heat source. The objective was to raise the grain temperature from
an initial 30 — 31°C to a target of 42 — 43°C. A prototype paddy dryer was employed in the experiments, using Khao
Dawk Mali 105 rice variety. Each sample weighed 1.5 kilograms with an initial moisture content ranging from 22% to
25% wet basis. Experiments were conducted at air temperatures of 60°C and 80°C, with a controlled paddy flow rate
of 1.5 kilograms per minute. Three types of flow obstructions were tested: alternating fin barriers, expanded metal
mesh, and an unobstructed (empty) drying chamber. The results indicated that these factors significantly affected the
time required for the paddy to reach the target temperature. The unobstructed drying chamber at an air temperature
of 80°C required the shortest heating time, taking only 3.3 minutes to reach 42 — 43°C. Furthermore, the lowest energy
consumption, at 0.10 kilowatt - hours, was observed in both the unobstructed chamber at 60°C and the alternating fin
barrier at 60°C. In an additional drying experiment with an initial moisture content of 24% wet basis, the grains were
dried to a final moisture content of 14% wet basis. It was found that the unobstructed chamber required the shortest

drying time at 95 minutes, whereas the alternating fin barrier configuration required 140 minutes a difference of 32.14%.

Keyword: Flow interruption, Infrared radiation, Paddy drying, Drying rate
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MAdeiliingusrasifofnunAsutunnwdungvesialeadiutunddssauraluieguAunaudulonus
Viuivaey suneUinnils SrinuasesssIusY waviieUsadudisunseandutunnnied vhnmsiiushegaiunusedu
ANANTI98T 5 cm INTTAVRIAUIUDITZAU 30 cm TI0TWU 10 FILULS 9 8y 6 A29879 51 60 Aa98719 laglaszuunis
Anszsiunuananlasiue? Finwesindenuavdas (HPGe) wuirdrfusunnmdnwizvesialaadiuiunisd Ra-226, Th-
232 uay K-40 fanade 93.50 + 6.16, 17.51 + 2.70 way 610.49 + 59.05 Bo/kg auadiu Faenilalradiuiundad Ra-226 uaz
K-40 ﬁﬂ"lgdﬂ’j’]ﬁ’]LagﬁJsﬂmﬂizmﬂiwﬂLLazﬁWLagﬂﬁl’ﬂﬁﬂ drudilaadiuiun$ad Th-232 faninanadsvessendlneuas
Aaderialan uaﬂmﬂﬁmé’mw%mm%’aﬁLmumg}mﬂﬁu (D) qmdwmm%ﬁﬁmumims UNSCEAR daud3inaidadiilasuain
Meuens1NeUszdnd () Ardufunamisdauyainfen (Rae) wazAdvdanudsaainnslaiusidannisusnsname (He

AInIunaafimualag UNSCEAR nansanwasulainfuluaiudulonusgviviivasiu snnevinnids Sminuasaisssusivll
nsUudowrasansiudundaden wasdsznvugegordeegusinniuaendeannislasulsunaasivdundedsssuni

P oA £

Adnfey: Aufunnndad, Avduienuludunsenedad, suduleudiuiivasy, Fiawesudeuuiansgs
Abstract

The objective of this research was to study the specific activity of natural radionuclides in soil samples from
Citrus maxima (Burm.f.) Merr cultivation farm, Pak Phanang District, Nakhon Si Thammarat Province and assess the
radioactive hazard index. The soil samples were collected at a depth of 5 cm per layer from the surface to 30 cm, a
total of 10 locations, 6 samples each, for a total of 60 samples by using the gamma spectrometry analysis system with
a High-Purity germanium detector (HPGe). The result show that the specific activity of Ra-226, Th-232 and K-40 were
93.50 £ 6.16, 17.51 £ 2.70 and 610.49 + 59.05 Ba/kg respectively. The radionuclides of Ra-226 and K-40 were higher
than the Thai average and world standard, while the radionuclide of Th-232 was lower than. In addition, the gamma
radiation absorption rate (D) was above the threshold set by UNSCEAR. The annual external effective dose rate (E), the
radium equivalent (Raeq) and the external hazard index (He) were below the thresholds set by UNSCEAR. The results
of the study concluded that the soil samples from Citrus maxima (Burm.f.) Merr cultivation farm, Pak Phanang District,
Nakhon Si Thammarat Province is low radioactive contamination and that people living in the area are naturally safe

from exposure to radioactive substances.

Keywords: Radioactive, Radiological Hazard Index, Citrus maxima (Burm.f.) Merr cultivation Farm, High-Purity

Germanium Detectors (HPGe)
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fiandio shuanasstios Anudndiuseiudivamn 80 % [1]
Tnedulowudiuiivasuiisanans 80-180 um (Fusgfiy
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2. 9A1LUUNITAY
2.1 A3n1sAuLaTASUADE19RAY
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wazauRog s unsEtmutuae ntduunliazisen
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3aaﬁiaizudwmﬁuGhm‘?juzwmﬁaﬂgﬂmdmwam’mﬁﬂ’?
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Woasiudnsaanada s edunuan
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ABNRILAaTEN593U GenieTM 2000 Basic Spectroscopy
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lusssumfgs uag K-
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ff "y s
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Aeg13Au (Bg/kg) N Ae 8nsduans (Wuildwia/anily
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f79819AU
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JUATIBINNSIASUEANSAUTURSIE NI INIRABNTLY
T30U58917TU LAUANEASIUNITINGIAIEAS VBIBIANST
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il

2.3.1 Ysunauisdganduluennia (D) Wueeudy
Fedunuanluenna Sadudedantanfuiunsdiiuaniiu
lan ﬁ'mmqa 1 wasniufiu Tneen 0.462, 0.604 uay
0.0417 Jurduuszans fldlunisudas  arfugdunnin
TN Lﬂué’miﬂﬂ%mm%ﬁﬁ@mﬂﬁummﬂ 999 Ra-226, Th-
232 way K-40 @ua1nu [6,7] @1%suA18ns1USuused
gandudiadeainiilandiasindu 57 nGy/h [5] duaaild
nEun1ST (2)

D(nGy/h)=O.462ARa.226 +0.604ATh.232 +0.0417AK.40 (2)

2.3.2 Usunaudedildsuanneuensianiausz sl
() Julsunasdilasusedamisamuinlaannisulas
AAuduRusIInA1UTIINTELnuIganiulueinie (D)
Wuvsinuddmaiiyaaariluldsunieldinaiueneinis
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E(mSv/y)=Dx8760x0.2x0.7x10°  (3)

Wl D Ao Usuausedunuunganau (nGy/h), 8760
Ao AUSIUN lAsUTIEs 8@ uened), 0.2 Ae 11a1n
Usgaueguenaimstiuiseulu 1 U uag 0.7 As AuUsunm

$eddama nyarailuldsunieuenanasiimiedu (Sv/Gy)
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NasINBIAE T nve A TuTuRA NSl v et 3
lolalny 7ifin1sAnwinudn Ra-226 fiudunnn$sdd 1
Baovkg vl U unaua 1A udl un A Ins & LM g UM 1994
Audunninsadves Th232 7 1.43 Bo/kg wagan
Musfupnmsdves K-40 71 0.077 Ba/kg [8,9,7] Fatuannge
ATIUAINUTURNINANYALTAEY UaE Raeg ATlaiAI9LAY
370 Bg/kg (UNSCEAR, 2000)[5] Anuiadlaannaunis (4)

Raeq(Bq/kg)=ARa.226+ 1.43ATh_232+ 0.077AK_40 (4)

V18 Araozs, Athoss BT A kao ABD AN AUTUANIN
Fuzvsialrannuunsed Ra-226, Th-232 way K-40 Tu
% 1 a o a 1 [

AIDYNAY AUAINY UnNUILTY Barkg

2.3.4 Andiiannudssainnisléusdnneuen
$19178 (Hed Wi WU UT9E7 $r9meld fudunseann
uwndsiiindsdneglusssumilas fusunnmssdfisieng
Tasvdrulngaziduiuiunnndadunuun wszSedunuunil
s1unalunsmzavzanganindsddu 4 1y He, axUszidiuna
nsenuiiuyudlausdidosandedunaumnnieuen mnen
Hex < 1 waineinUSunas sodlannudesfsdannisuaniien
Hovunauazisld 81 He = 1 waneinsnameny S
SedgAnaw Wiy 1.5 mGy/y WAzl He> 1 Wanedn
$19nearldfudunsisanateuen vaneauInAwing 4 1
agsou 9 duslimisiiunldlunisiduiianiends
vianides [5-7,9] Audadldannaunis (5)
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Station

AN 2 ANUTNTUYeIlalrantuTunSIE Ra-226 Tusiag1efu

M 2 wansUSunamnudutuvesiilaadfutunded
Ra-226 fA1aA87 93.50 + 6.16 Bg/kg ANgaan 106.93 +
0.50 Boykg 71288 14PTS-7-1 504893171 106.17 + 0.50
Bg/kg #0813 PTS-1-2 Lazentiosdian 76.98 + 0.39 Bg/kg
fifa9813 PTS-5-3 auuiudnfisesuaaudneng o Tuaand

30.00
25.00
20.00
15.00

10.00

Th-232(Bq/kg)

5.00

|

0.00

PTS-1-1 e ——

PTS-1-3

PTS-1-5 e
PTS-2-1

PTS-2-3 e}
PTS-2-5 e
PTS-3-1 .
PTS-3-3 e
PTS-3-5 e

PTS-4-1
PTS-4-3
PTS-4-5
PTS-5-1

17.51+2.70 Bq/kg

PTS-5-3

a U a0 Y a U 1 a1 Y a U 5 dﬁl
wenfuagdalndifesiu wagluusaandfidlndife iy sl
919vzilanmninantudunsunsnseuUasugninunsnsi
n13Yn onsed I liAuiissduadIudn 30 cm 15 waw
ffu

PTS-5-5 et
PTS-6-1 —
PTS-6-3 ]

PTS-6-5

PTS-7-1 —

PTS-7-3

PTS-7-5 —

PTS-8-1

PTS-8-3 =—

PTS-8-5

PTS-9-1 e
PTS-9-3 |
PTS-9-5 e

PTS-10-1

PTS-10-5 =—————

PTS-10-3

Station

AN 3 ANUNTUTRIlalaannusunSIE Th-232 Tusegnanu

A 3 uansUSiuenududuvesialead
Fufunsed Th-232 deadefl 1751 + 2.70 Bg/kg &
ANgaEA 24.90 + 0.10 Bg/kg fif10819PTS-10-1 F09a8977
24.69 + 0.10 fI9813 PTS-8-0 wazantiodign 11.66 + 0.07
Bg/keg 7160819 PTS-9-4 fisesuanudn sing o Tuaand

Fenfuasdalndifeatu Hadorvasiawmmuanluduney
nsssuilasUgninunsnsiinisyaenies SeiiliRuitsed
AUAN 30 cm AnsHaNiy WwieItuaudutuvesin
lpadriudunded Ra-226
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Station

AN 4 AnUNTuvealalaannusunsed K-40 Tusegnanu

AT 4 wansUSinarnududuvesialeadfuiunsed
K-40 fiFiade 610.49 + 59.05 Bq/kg fiANgean 743.2 + 1.06
Baykg fifa8819 PTS-6-6 509833191 722.12 + 0.95 Bo/ke
#19819 PTS-8-5 LagAfouiian 431.03  0.48 Bg/kg
#0819 PTS-5-1 aziiuladnAanududuvesidalaan

Fusfunsed K40 de1igenindalaadd ug 1 esan
Tnunadeandusniisinnidusudui 7 luwdonlan Asdu
2.6% vostmiinuesFenlan [10] Fusgfuanindnums
ysssiiimeesusaziuil uazmslddelufufinmeugndug

A15199 1 Anedganududuresiilaaniusiunssdluiieg19iy 3NNaNISANIN LaraUsEma

Specific Activity (Bq/kg)

Locations Reference
Ra-226 Th-232 K-40

Pak Phanang Dictrict 93.50 + 6.16 17.51 £ 2.70 610.49 £ 59.05 Present Study

Satun (2011) 98.75 + 6.76 63.63 + 2.34 4,020.90+246.55 [11]

Narathiwat (2016) 421.89 + 10.11 221.57 + 26.09 1436.35+144.92 [12]

Malaysia (2015) 51.06 + 5.83 78.44 + 6.42 125.66 + 7.26 [13]

Laos (2020) a4.4 + 3.2 632 +52 523 + 18 [14]

Turkey (2021) 8+3 7+3 136 + 15 [15]

Southern Thailand

Data 171.55 + 3.13 211.19 + 1.98 511.04 + 7.04 [16]

Thailand Data 48 40 400 [16]

Worldwide 35 30 400 (5]

Nesd 1 Aanududuresislaadfuiunged
Ra-226 A 1Lad & 93.50 + 6.16 Bo/ke Ind A aafunanis
Aneilusegeiuvesiminaga [11] Srgendnilewien
AUNANITILATIENAIDENAUVDIUTENA W NATY 817 930
e wazveslan [5,13-16] wazdainiilsifisunanis

AATIXIAI0I1AUTDITINTAUIITNE LaznAlaveIUTELNA
Tne [12,16] @msuaraududuvesidllaan fuiunsed
Th-232 fanade 17.51  2.70 Bg/ke Ind 1A sarfunanis
Aasgiiludiegsfivvedlan [5] Ta1 gsndndleiisuiuna
nsieszsilufiegsfuresUssmansh [15] wagiladiniy
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deiisunanisinsiziiiegsiuvesiminaga usiSna  wazveslan [5,14,16] fidgeanindleifisuiunanisiiesgs
UsswAnalde a1 nalavesUsemdlng wasuesUseind  wan1siaTeiluiiegehuvesUssvanlaly uwazUssing
e [11-14,16] uagArmrmduduvosilaadiufundsd k- 937 [13,15] wazdaniudlefisunanisinnevishegnadiu
40 610.49 = 59.05 B/kg IndtA s unan1sdiasievily  vesdwinaga uagdwiaussina [11,12]
fegRureIlszmaa naldvesussinelneg Uszinalng

100.00 78.96 + 4.64 nGy/h
80.00 TT T T 13-
=
S 60.00
®
£ 40.00
a
20.00
0.00
T N N = M N = N N = M N = N N = O N = N N = O N = N N = N LN
H H H N NNMMONH T ST NN O OO NNNIE®WSI GO®OGNOGNOGOO S O
D DD DDA L ADN NN N AN AN NN O OB WL AN v nwon S
FERPEPRPREER2R2R 2Rl Rl uuyu
Station

i 5 Adsinassdganiulueinia (D)

9namil 5 uansATinusidganduluennia (0)  uarfissdumnudnens o luaaniifieriuifielndifestu G
dr10yTur9 63.65 + 012 9 87.18 + 0.14 nGy/h Lade  awiuindldUinassdgandulueiniayndiesafidigenin
78.96 + 4.64 nGy/h fiAngegafisoegns PTS-10-1 uazfidw  A1dnsUsuaisdganduiiadsainialandeawinfu 57
figaiifeens PTS-5-3 Tagfianndsing 4 fidn Indideaiu  nGy/h [5]

0.12
_ 0.097 + 0.006 mSv/y _ _
010 Ttr-thrictr=tr=rTritti+tist 2 T+ tHitT i1 THITTI
= 0.08
>
»n 0.06
£
=
w 0.04
0.02
0.00
D A O B D b e S A I i B B O e SN D i b I I S I e s
= = = NN NN S TN NN O O ONDNMNOO®ODOOOO O O O
NV N VL VL VL VN VN VN NN VL VL VL VL VL L N M V L VL VKL K K L VK N Oy ¢
FFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFERFEFEEFEEEEEE®W®W®W
Station

MW 6 Buausad@nlasuannangueniieniadszant (E)

AT 6 wansAUSInusadnlasuanaeuen  5-3 Tnediaanilsng o dAilndlAssiu wazfiszAunnudn

$19MeUsedd (B) HAneglugas 0.078 + 0.004 s 0.107 a9 9 Tuaanfdeaiunfianindifesiu Faaeiiuinden
+0.005 mSv/y 1@y 0.097 = 0.006 mSv/y Hifngaani Ysunaussdnlasuannieuensieniedszand (B) yn
F108PTS-7-6, PTS-10-1 WaganAsiiandifaoene PTS- fegnasirndniinast Fdlsinsifu 0.48 mSv/y [5]
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165.56 + 9.78 Bq/kg
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PTS-10-5

=] v W o o a
A 7 AndusfupnmSsdauyasiAey (Raeq)

M 7 wansrfuunnmsdauyaisiien
(Raeq) HA9¢lUYI9 133.19 + 0.18 4 183.66 + 0.20 Boykg
1R8165.56 + 9.78 Bo/kg SlFngegaiisnetna PTS-10-1 uag
uAAT AT f10879 PTS-5-3 lagdianniising q 4 e

0.60

'
=~ '

IndAeiu wagiiszauauanang q luandifeaduiiien
@ oA [ t% v a a
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P v Ao a Yo o ]
AMNN 8 ﬂ?ju:]ﬂﬂ']']llLaENf\]']ﬂﬂ’]{LﬂTU5Qﬁﬂ78uaﬂ5’]ﬁﬂ’]8 (Hex

waza ANl 8 uansrduiianudssainnisleused
A8UBNTINY (He) A1 8¢luY29 0.36 £ 0.01 §9 0.50 =
0.01 108y 045 + 0.06 ilANgsgaiifIegna PTS-10-1 uazidl
Asnfigaifaoens PTS-5-3 Tnsflanidleing q felndiAsedu
wazdisziunnudneng q luaandifeatuifien Tndifestu &
aziurdaded Yaa11ud veannisiasusdaisuen
F1NennIegea1desndi 1 F9 N7 Hex < 1 UaN997
Usina svfianandssdedannieueniidesannouasisld
[5-7,9]

4. unasy
nan1sAaTIzdafuduan I unizvesialaas
Ausluns9d Ra-226, Th-232 waz K-40 Tudregshuainaiu
dulavugviunivaey gunauinnils JaminuAsAIsITNIIY
Saanun 10 sl 9 Ay 6 AI19819 T9U 60 AI9E19
wuusfuanmswzilaadoyindu 93.50 + 6.16, 17.51
+2.70 k8% 610.49 + 59.05 Bo/kg AIUAIA U WATNANTS
UsziludnsiTuudidunuuigandulueinia (D) &
ALadY 78.96 + 4.64 nGy/h wuindirganindadiaiiuurii
TneanznIsuNTInemanivetesdnsanyssam i i
NAYs3aAUTINGY (5] WiBe 1.39 Wi dmfuuTinasednlasy
31nA8uens19n1eUsEId(E) Tanad e 0.097 + 0.006
mSv/y Ausfumanisdauyaisifien (Rae,) fiAads 165.56 +
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UNANEYD

uneAdeifunsinunssuunanandeussmsianudeunuumisathaususlmdnliiiuanssusnnaa dans i
Bounifeuns vunatds 1,800 W iiisldiSuunasmnudeulunseuuimandaniesnsineasudsainnisiieslusuan n1snaaes
Lﬁaﬂi%'é’mwmﬂwa%aqmmﬂ‘ﬁﬂauLﬁngizuuﬁﬁﬂawmgauiugﬂmaqLamiﬁuamﬂuﬁdm 6,000 7,000 Wag 8,000 lasfnwii
gamnfionnafeuiideants 3 a1 fe 50 60 waz 70 °C Wisuiisuiunsldvaatarmdeulniinuuin 1,000 W nanudnf
gamniionnie 50 °C mahanmdeusnonisimienildnariesnitmaieudeurnainaufouliin 79.55-84.96% 14
fdslifindfenndn 66.13-70.96% fuszavsammsliwdsnusnnnin 67.11-73.43% figaumgfiveseinideen 60 °C A5vinAI
Soumpniswdenhldnandesniinisianudeuseaiannudeulnia 71.30-72.24% Tdmdalnidesndn 64.44-67.58% §i
UszdvBamnslindsnuannndt 50.42-53.77% uaziigamgiiveserniaeen 70 °C msvhanufeushemsmienhlinaies
nNsIANUSauniganalInausoulin 54.46-62.03% Tdnadludidesnin 59.43-64.31% JUseandamnsionasanu

i o v v = o o q v aa & 1 < , a v = o % 1
11NN 26.02-32.99% Msviaudeusienisiileniviligamgiiiinduegesiniludiaiuduveinisvienihdiimin
nsvhAnufeumevannauTeuliiigumgiiiuaueget 9

AdAgy : NMsullenthnnudeu nsnaneiniaseu vaatnausauliin Ussansamnislindanuy

ABSTRACT

This research article studies, a hot air production system using electromagnetic induction heating for a thin-
walled, smooth-surfaced hollow metal cylinder with an electric power of 1,800 W. It is expected that can be used as
a heat source for drying agricultural products after harvesting in the future. In the experiment, the flow rate of air fed
into the heating system was used in the form of Reynolds number in the range 6,000, 7,000, and 8,000. Four hot air
temperatures were studied at 50, 60 and 70 °C and an induction heating was compared to 1,000 W electric heating.
The results found that an outlet air temperature of 50 °C, an induction heating takes 79.55-84.96% less time than
electric heating, consume 66.13-70.96% less power and, energy efficiency of more than 67.11-73.43%. An outlet air
temperature of 60 °C, induction heating takes 71.30-72.24% less time than electric heating, consume 64.44-67.58% less
power and, energy efficiency of more than 50.42-53.77%. An outlet air temperature of 70 °C, induction heating takes
54.46-62.03% less time than electric heating, consume 59.43-64.31% less power and, energy efficiency of more than
26.02-32.99%. The induction heating provides, the rising temperature rapidly at the first period of testing. This is different

from an electric heater which has a slower temperature increasing.

Keywords: Induction heating, Hot air production, Electric heater, Energy efficiency
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Efficiency (%) = % x100  (3)
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ABSTRACT

This research aims to evaluate the performance of a newly developed electric tow truck for wheelchairs. The
wheelchair consists of a manual wheelchair, an electric tow truck with a 350 watt motor, and a 48 volt 30 ampere-
hour battery. Performance tests were conducted, including speed tests at three different levels, braking distance tests,
battery life tests, and a user survey. Results The electric tow truck for wheelchairs can carry a load of up to 100 ke and
achieve speeds of 4.96, 5.40 and 6.04 m/s. The braking distance of 2.1 meters meets the standard requirements. The
electric tow truck for wheelchairs can travel an average distance of 64.11 kilometers with an average speed of 3.49
meters per second and an average usage time of 310 minutes. A user survey of three individuals revealed a preferred
speed range of 1-4 meters per second and a high level of satisfaction with the device. Conclusion the electric tow
truck for wheelchairs has proven to be an effective tool for individuals with disabilities. It offers increased mobility,
speed, and range, while reducing the need for physical exertion. The device can significantly improve the quality of
life for wheelchair users.

Keywords: Electric tow truck, performance testi
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ABSTRACT

The primary cost of logistics systems is transportation cost. Companies with poor transportation management
result in higher transportation costs. The main factor of high transportation costs is employees choosing inefficient
routes that result in a high total distance. In addition, as a result, delivery is also too late. Therefore, this research
studies vehicle transportation routing in cases of certainty demand. A case study of distributor and delivery agriculture
products that have one vehicle, and maximum loading capacity not exceeding 5,000 kg. The purpose of this research
is to compare methods for finding the optimal solution with three methods; Genetic Algorithm (GA), Simulated
Annealing (SA), and Hill-climbing Algorithm (HCA). The result shows that SA can solve the problem when the number
of customers is 400, while HCA and GA can solve the problem when the number of customers is 350 and 200,
respectively. Consequently, SA is the most effective method. Next are HCA and GA, respectively. GA is the method
that gets the least distance and transportation time of the three methods when the number of customers is less than

or equal to 200.

Keyword: Genetic Algorithm Simulated Annealing Hill Climbing Vehicle Routing Problem
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Abstract

This research aims to study the appropriate parameters for the forming of coaster products made from
polymer matrix composite reinforced with fiber of durian shell. Design of experiment with Factorial design is applied
to find the appropriate parameters. The hypothesis of this research is that the amount of rubber latex, the amount
of durian peel fiber and the amount of DPG (Diphenyl Guanidine) have an effect on the percentage of water
absorption of the coaster. According to the factorial experimental design, interaction effects of the amount of
rubber latex and the amount of durian peel fiber which are observed without considering the main effects. The
parameters are identified as follows: the amount of rubber latex is 167 grams, and the amount of durian peel fiber
is 2 grams. The amount of DPG does not affect the percentage of water absorption; therefore, the factor value is
not specified. The results of the factor determination can estimate the percentage of water absorption as 6.95
percent and the confidence interval of the percentage of water absorption at the confidence level of 0.95 is 0.98
to 12.93. The experimental results are then confirmed by forming coasters according to the factor levels obtained

from the experimental design. The results show that the percentage of water absorption is less than the percentage
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of water absorption in the experiment with a confidence level of 0.95. The results of this study are useful for

developing products using biomaterials and helping to reduce the amount of biowaste.

Keywords: Design of Experiment, Factorial Design, Composite Materials, Fiber of Durian Shell
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ABSTRACT

This research aims to study the performance of L-shaped and V-shaped rocket stoves and then modifying the
combustion chamber and fuel inlet to achieve higher performance and more convenient use. For the research method,
L-shaped and V-shaped rocket stoves were built and their performance was tested using the water boiling test method
(WBT). When the rocket shape with better performance was obtained, the rocket stove shape was further developed
by modifying the combustion chamber and fuel inlet. The rocket stove was tested using the water boiling test method
to compare the performance between the original and the developed rocket stove shapes. The results showed that
the L-shaped rocket stove had better performance than the V-shaped rocket stove. The L-shaped rocket stove (L-
shaped (version 2) rocket stove) was then developed by opening and enlarging the biomass fuel inlet and installing a
combustion chamber for the secondary combustion at the top of L-shaped rocket stove. The test results show that
opening the fuel inlet makes the L-shaped (version 2) rocket stove more convenient to use. The development of the
L-shaped (version 2) rocket stove by opening and expanding the fuel inlet, adding an air preheating channel for

secondary combustion and reducing the size of the combustion chamber results in a better performance than the L-
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shaped (traditional) rocket stove and V-shaped rocket stoves. The L-shaped (version 2) rocket stove has a thermal

efficiency value that is 40.36% higher than the V-shaped rocket stove and 5.73% higher than the L-shaped (traditional)

rocket stove. In terms of boiling time, the L-shaped (version 2) rocket stove takes 33.61% less time than the V-shaped

rocket stove and 24.44% less time than the conventional L-shaped (traditional) rocket stove due to the installation of

a combustion chamber for the secondary combustion at the top of the stove and the expansion of the fuel inlet to

increase air to combustion chamber. The L-shaped (version 2) rocket stove is suitable for applications that require high

and fast heat.

Keyword: rocket stove, biomass, water boiling test, renewable energy
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Abstract

The objective of this research was to identify optimal conditions for separating green coffee bean by screening
machine. The equipment utilized in the study was a custom-built coffee screening machine, featuring a 3-layer erid
design with grid hole sizes measuring 8, 6, and 3 millimeters respectively. The green coffee bean under investigation is
of the Robusta variety. The experimental design employed was 3° Factorial Design. The factors investigated in the
study were the rotational speed as 50, 60 and 70 rpm., and the stoke range as 20, 30 and 40 millimeters. The findings
revealed that high rotational speed reduces separation time. But it increases the contamination of coffee beans. The

optimal speed was 70 rpm, with a stoke range of 20 millimeters, resulting in a separation efficiency of 94.48 percent.

Keywords: Green Coffee Bean, Screening machine, Factorial Design, Separated Efficiency
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“grsnunl” s ldlunsveassadsd Wuwdndian
wendsudanuasudu 4 wda warhandasenlaenissouly
ATLATIVUIA 8, 6 AL 3 Hadluns wi onenauin lagld
usauAy aauddeihntinvousasauatiuiinlfibudoya
WothluSsufisuiunisuenlaeldiadesdauen dadleds
druiniadaudieziunnanlinayfuneuilunaass

2.3 N1599NLUUNISNAADY

Padefidfyiidnaneusyansnmussnisdnuenves
wiasrnuenalanzunsdlenldun svazdn aumsiseu was
yaBe [4-5] wiarnmsfnwinudn uaBesdisianmumsnza
avayfivszana 7 osen fedulunismaaesfnyiafed 3o
A5ANwINee 2 Jadude sveednuaradtuiiiseu 1y
ponuwuumInaastduluy 3° unaneSua lnedidade 2
Hady AeDanusisaulunislenazwnse I 3 sEduAe 50, 60
LAy 70 SoUMaUNYl 2) Srevdn 4 3 s¥AuAe 20,30 way 40
adwns 1S UNanaUaUDY (Response) Aa UseanSnin
A1sRALen way sasus waanwniithuldlunismeans
Wuansnun aneiuglsUan Wusiianazauin waziundn
wendaulantaeu wazusnuuin dervuaduaiunnss
Taeldussnuau nsnaassazlaarsniud 1u3u 2 Alansu
TRy JUNITNAGBIATUAILT Mua ueaziiouly
(Treatment combination) a¥¥n1snAaes 3 1

2.4 FuABUNSNARDS

1) Y3udaszezdnuazanuiisouvenaiosfanen
mulUsunsu desien expert Taimunls wazduimdnuge
nunl 2 Alansu Tdadludaussy

2) \Jaaingn13veauveas osdaLen se19a7
Uszanas 30 3wt Wieliesesiaunsd

3) Ua'aamﬁmmLLWaaajmzLmﬁaw%'auﬁ’unmtﬁa
widanuitoglunzunsais 3 nrunsmduasgiiiunun vige
\w3es wastufinuanwesnIsmaaes

4) drndanunlunsasyedAuiinsiadeuvuin
wazUuNNaNISNAaDY

2.5 N15ATUIUUTZENTAINNNTTINGIU

L pSesdaueniialy sz YaussAvsamainnisuenaad
Fosniseanandsdilddents wulunszuiuddnile] a9
Anuannsalunisuenlaeiansadiudon (Paddy rice)
Fuvdearnnszuaunisnzinizilden eana1nt1Indes
(Brown rice) 1din1svaaslunauniuininassnniaeifiede
Tnelddmdndunasilunisiiansan uielunsdnisuen
du3edussnannuandnnienisinens (7] Avalagnisna
1?mﬁ’ﬂmm?llaL%aﬂuﬁNauafgsimfmﬁfﬂmawﬁmwaﬁwm Tu
nsAnwIgainismUsE AN amnIsT e LAIes 91nKE

AMIZNINUITZANTAMNIIAALEN LazAILSIVEINISINNI

'
=

§ s saeafudadod uanifsnuaInnsaveans 0adns
TnevhlU TneUsvansnmnisinuenduan andndniaas
vouudanunildlunsazauin Weufutmdnveuse
nurvunty 9(aun1sf 1) warALs 19040151
fuennafsufunafisunliaunisi 2) fedl

o - y wuiild
UseansnmnisAaLen = —_— (1)
Y. Afia3
L. nanfiuall (2
57 = .
naNlyase
UszansnIngiu
= USEAVSAMNISAALEN x BATUSY (3)

3. Han1sNnNang

3.1 AnuaEINnsalun1sAnLen

< A o $ X < Py

waanwiniumeaesuasel Wuuannwnig
nalvgfiiiey (XL) Famegnanvinisdauenlagldaudauen
1A W VUIRvRILAAN WA EvatsvuIANEN T T9919
AWANBNITAIVAUNINNITAT LNSIZNAAT TauIam ey
Aoudnen aganliviniu

AT 3 LWAANWNTRIUNNSFARENLED Fraiiauun 6-8 L.
Pile VWIRlgNIT 8 wu.

1NAMT 3 WuileAnnenwds wianwnusay
nauazdiauiaflndifssiu wansliiiiudanuaunsoves
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A3 ALENINEnsafiardausnuanniunlaaiudifuue
agalsiaunisiansanludsunimusiiiesodaieqll
awnsauansUsEansamusuaiasdiauenudanunle s
Faaln1siarsanludausunasie i elidiuisssduves
UsyanBnmunaA3es

3.2 Us2BVBMNNISANLENTD4LA3DY

Tunismeanad s mine s nusazvund
iosdanenld wasifisuiuimingss luwdazvuin way
Snsndvzmunannaild Weudunaifirwual3ae 90
Jud wansilddusesielud

a a o <]

A15199 1 Ussdvsnmiazdnsudalunisaauen

run Speed Stoke UsEaNsAINAIT 9151
(rpm) (mm) finuen 157
1 50 20 0.94 0.64
2 50 20 0.95 0.64
3 50 20 0.95 0.63
4 50 30 0.86 0.71
5 50 30 0.87 0.71
6 50 30 0.90 0.71
7 50 40 0.86 1.03
8 50 40 0.86 1.03
9 50 40 0.88 1.02
10 60 20 0.97 1.11
11 60 20 0.97 1.13
12 60 20 0.96 1.13
13 60 30 0.89 1.15
14 60 30 0.91 1.14
15 60 30 0.91 1.15
16 60 40 0.90 1.20
17 60 40 0.91 1.22
18 60 40 0.90 1.20
19 70 20 0.95 1.25
20 70 20 0.96 1.23
21 70 20 0.96 1.25
22 70 30 0.90 1.25
23 70 30 0.89 1.23
24 70 30 0.90 1.27
25 70 40 0.84 1.30
26 70 40 0.86 1.29
27 70 40 0.84 1.30

9170151991 1 WU Uszandan danszuang 0.84
54 0.97 wiedAnu 84 — 97 % Waflsufuiuinvewudad
Tdadl wardnsndrazilansewing 0.63 (arilduinninian
firuuald) 89 1.30 (andilddosniafininuals) diewn
HansYRaBNIATEiaRRnaTil gL U

3.3 andSwavesunazUady

Tunisimsigvinndninavesunazdadelnenis
ATIEAAMULUTUTIUNIUAYD (One way ANOVA) fiszeu

AN 95% WaLdumail

A15719% 2 BvSwaveakfardadunauseansnn
ANSAALEN

Source SS df. MS F-value p-value
Model 0.0418 8 0.0052 4698 < 0.0001
A-Speed 0.0041 2 0.0021 18.63 < 0.0001
B-Stoke 0.0351 2 0.0175 15773 < 0.0001
AB 0.0026 4 0.0006 5.78 0.0036
Error 0.0020 18 0.0001
Total 0.0438 26

RNA197 2 WUt @ F-value Yo9ILUY (Model)
flenviiu 46.98 uaz p-value < 0.0001 MuneIFILUUTLS
fpuvanzauiuyadeyaaunsauwaninudunusves
Nadns (Response) fudlaserisansifadold A Fvalue vos
Uiy A (Speed) AU 18.63 wagA P-value <0.0001
Fasninseiuileddey (0.05) MNeAIINIT AIEITEU
(Speed) fiunnanafiu vildaUszansamnsdnuenuans
fupgrafifedduneadffisedu .05 Wuisadudv dade B
(Stoke) 7 57 A1 p-value < 0.0001 ff ¥ 18AI1UT 1 N5
WasuuUaswesszerlon dnaviliauszdnsnmnnsdauen
wansnstuegaivedAymeadffisedu 0.05 dmsulade
374 (AB) A1 p-value <0.0036 %318AIUI" Hasdeiieaesdng
AilsvisnaserUsyansnnueinsinuen wasdedertdecay
fufduiusiu (interaction) T3n3iidndwasenanouauad
Tunmsnsadudnu detadenilddvnalunsuin Sndadenis
Tinalunnau Gedesdinsinnginsmfduiusuesade
Maesdnadmils
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o sSTEsUIAa
ITATINY W( nsJiNw

= a a ] v o <
M99 3 QWﬁ‘Wﬁ';UENLLmagﬂ"ﬂf\]ﬂmaamiqL?}

Source SS df. MS F-value p-value

Model 1.38 8 0.1727 1665.08 < 0.0001

A-Speed 1.11 2 0.5537 5339.68 < 0.0001

B-Stoke  0.1558 2 0.0779 750.96 < 0.0001

AB 0.1182 4 0.0295 284.84 < 0.0001

Error 0.0019 18 0.0001

Total 1.38 26

NA1197 3 WUt A F-value Yo9LUY (Model)
fieuiniu 1665.08 way p-value < 0.0001 M IFIRUUT
Iadanuminzauivyadoyaaiunsalaniauduiiusves
nadwg (Response) fuiladrtsansiladularn pvalue vaq
99 A (Speed) fifn <0.0001 Fwinirseduilddey (0.05)
MNBANTN AUEITEU Tuanenety ilEsnssiumnsn
fupgrafifeddyneadffisedu .05 Wuiadudu dade B
(Stoke) A p-value <0.0001 muneAUIIEELlonfiuans
fu vl snsusuanasiuegadided fyniadfifsedu
0.05 waztadysdu (AB) A p-value <0.0001 #U1BAIINI
Haderisaes fufduiusiu wazlinansznusednsnsalunis
Fauenegaiiteddymeadnvisyiu 0.05

4.9AUs9Na

4.1 HANTENUVBIANMUSITOUABUTLANT AN LA
dns1veenN1IAALeN

AM5UIBILAI DsRLsnEA U ad T uT &
Snwaznsdudunuu 3 JR (il 9) esanindanzunse
szgauvaulidisaeniu 1oy ludmizund seduves
mst,l,ﬂsa%uuuqmaejqamﬂﬂ‘yuﬂismm 81 vy, uazilouawes
fanzunsslulufamelnagn mszunsaazgneniunasiiniu
gennfiuszunes 82 au. (nwdl 5) GamsTenuth-vds il
AsTunsIAnMSIAsuRtuadlunteufugie Wewiuainugs
iavﬁqu‘fﬂﬁmé‘mmuw nsvaeuTual wasdlusameiinn
asndudunsenluun awliuann s ugaeunsald
A nsenadlulunuiueu dslusziuaudiseus ns
nsvmouduly Laiga whanunfvzanaswnluwwiueu Javh
Tudafidvnadnningasunsmauasiulududaldlfidandy
dleldrnussoush e

AT 5 SEAUANMNGIVBINEUNTIWIAALAZEIaR TUTOUNTT
Y1197

oglsfinuiinnuiiseugaiumdanuiAans
nszaeuusaAuly shlvfiudevaneoninitufinzunseuayly
naufudnvu1ad u liaUszansamnisdauenanad
uenantiy Mnmansasmut Wearugilunisedeui
s azifinnsAngazunss (1wl 6) esanfimuigiseus
wEanullidiianisnsznoutuamazlifiusing wianuds
wnsndaiugnzunsilat waruinudniarliaansawnsndy
Augnzunsld waaifvundnidslinugnsunseioglva
TUsudfudafifiouelvg vldussansamnisdauen
anas
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4.2 nansznuvessezlenfausyansanuazdnssives

ANSAALEA

srazlunmvosnsunssazyinliudaniunidnig
nszaredalannga lnsanizlunsdfanusaseuluns
VU N19N5E8AIVBUNAANTNITNTZELAIE
dlesanszesloniianaiurile mmﬂ%uuﬂamamqwaq
agunsuanaaiy iWunailiudnaniuinszaougunneing
fude wazdlosverloniumndusumisiivesnisnsynou
Funaranaswnfavdainuunnaiafunind usae § udy
nansznulagnsImen1snszaefivenudaniui ewan
nuiiinnsnszaneifin shsnsaesnisdaueniadiuencs
1

4.3 Uduiusvasauisaseunasszezleniiing
faUsEANSNINNNSAALEN

B: stoke (mm)

S
=
(&} )
qc) s @ e :’iw;_" T . :1
S . e ® \\,\
E e T
3 \'\.\ ®
085 [ | 20mm ‘\.\I
A 30mm
0.8 —
T | I
50 70
o Speed(rpm) - -
NN 7 A5 WIeansnInnIg

FakeniuasisouLarsearlan

definnsaunnnsmiuseansawnnsdanen 7in
NUJEUNUS (Interaction) szninemnuiiseunazsyazlen
(Al 7) wudn seduainasa 60 seundt srazlen 20
fadiuns aliuszansnmnisdauengeiign uaziiletiiy
ausseuldu 70 seusieuil UssdninmuesnisAnuen
Jzanavantos wansaszezlen 40 dadlunsazanas
Aoudraunn egslsfmuidiofinnsannsmsnsngy Aiinan
Ujduiusseninsnnuiiisounazseeglon (i 8) ag
wuidlennuseuifiudusninanduiulunn q ey
lon

8: stoke (mm)

s e

o =
aA@SNISN
1

Sneed(rom)
AN 8 NF AL USTENINTRT NS UAIILLEY
TaUMAYSTELlYN

4.3 nsmanfimunzaulunisldanu

dlofiansanuszaninmnisdauen (Amdl 7) waz
§n51157 (Nl 8) axnuAuSaseuLasszeslenazlina
funnsatu Tngwndeenisliudaniunusazauianenga
pananiu llfinsUzvuiu agdedldniuisiseulunislen
Uunand (60 seusaundl) wagsveslen 20 Jadlums wann
Fosnslinailunisdaueniisnnin niefeanisdnsnisaiige
A1 AzAedldminusiseu 70 souneuniLaysyezlan 40

a a

fadwns Wom annznsinnunlanumuigauian lag

°

AMurualidnunefnean1sAe Use@nsninnisAnnenwtay

gnsnTIgatian (Maximize) NaaINNTAIUINAT ATIUABINTG
aadvaneifvun (Desirability) satdufsnised 4

A1579% 4 ANPNUABINITANUNANUALALANIY

N9

7 Speed Stoke Msfn | a9 Desir-
(rpm) (mm) wen | 159 ability

1 70 20 0.957 1.24 0.906

2 60 20 0.967 1.12 0.847

3 60 40 0.903 1.21 0.648

4 70 30 0.897 1.25 0.635

5 60 30 0.903 1.15 0.613

9INA15199 4 WU ArANRBINISANTvLne Tl
Amun gean davady 0.906 nu1ea1193 @1usavinla
Tnddsatutmuneiangy 90.6 wWesidus Fadhmaneiing
lfngﬁansam%mwmiﬁmLLaﬂqaﬁqm (0.97) uazdnsnirgean
(1.30) LLﬁIuaﬂwasﬁﬁﬁqmaa{]ﬁsLwiaséhifu UsgAnsam
Tnesulaifian feduiiolitatelaeruifian Foafinisusy
seuvasasourazi Inossauvestladefifianumunzuay
liuszans nmlaesiulnddssduidmuned fvuauin
ﬁqmﬁa amwmsﬁwwuﬁmmﬁaiau 70 SoUADUNTILAY
szeylen 20 Jaaluns

nafildannnsfnyiidenadasiunisaneves Liu
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[9] 1wu3n AUadunaretadeNndwansenumnaUsea@nsnin
ANSAALENLATLAALUATUANANTETNUT N ULAEA U

(Interactions)

5.83UNan15A9Y

wan133veluaded anunsoaguldn Jadei
vimsAnwia 2 o9y Aornusiseu wavsseslen uas
U375 u5gnIneanusaseunuszeslon 48nSnane
UszAns nmusanissdausnudaniunsianzunsdeon log
ANL5250 VNS Nan U ANS NNNNSARWENADANMLSY
soush TiUszdvBammnsdaneniigandt ud amnuifiseugs
lienssaandi dwdadeszezloniidvinade fiszezlon
MnsnSiaziuazdiszrlongs Snsndafazgesne Geszdu
vaswsazdadefivililssans nwnnsdauenlnesaumanzey
ﬁqmﬁa AEI50U 70 SaUABUNT Layszuedn 20 Hadwns
FefluszavsnmnisAanen 0.957 uaz §ns57 1.24 uazdl
Aaudesnisauthunedisivue Wity 0.906

6. LONE5LONEATTD19D4
[1]  n3uduasun1snens.n Ui viasyen . leauladll.
http://www.agriman.doae.go.th/home/t.n/t.n1/3fru
it Requirement/05_coffee.pdf (dadle 11 unsreu
2567).

NAUAITAUNANITNYAT F1IUNNUNEATLAZANNTA]
Finwigesaou. grudayaii9n1597104UN15HER
guanwasTanTauy'gevaeu. loouladl
https://www.opsmoac.go.th/mae - hongson-dwl-
files-421591791144. (Wrdadle 11 uns1au 2567).
dinnuAsygiansinyns. Jayaiasygnansinyms U
w.h1. 2566 [poulatl]. https://www. Oae.go.th/view/1/
M1519%8A9518az 8 BAnWH/TH — TH. (dadle 1
funmu 2567)

958 19IAaTY wazNALId ISR, N1TANEILAEWAIUN
winsdnuenlunsdauendindeswazdniudeneu
V193, MIAFINEIEansinuns I 42 adudl 1 (fie)
UATIAU-LUWIEU 2554

A TNUNAUINITITENITNEBAT(D9A NITUNIBU)
MsAnwUsEAnsnmuedad osdu LUULDNAT BIAR
yuawdnarsnwnlsdaswuunzun sy ulosulad]
https://tarr.arda.or.th/preview/item
/NxRuV3HvWaPOGKooHdH16
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element simulation of brown rice and paddy rice
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Fominykh. Experimental studies of grain material
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20109.

4vA 51598 wazdugns a3 eld oy, nnsidia
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‘Uiza‘mwaimssamaqm%‘laa'«j"ﬂﬁumzmummam
NoaRaNn. 219575799015 sEIRUNA INTTUATINTE. U
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KeShun Liu.
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Material MCC Avicel PH102. Strojnicky casopis -
Journal of MECHANICAL ENGINEERING. Vol.72, No. 1,

p.77-88, 2022.

Some factors affecting sieving.
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UNANED

unmnaitiiaueniseenuuukarnngeusasulasiinszuaasuunsuaaduLuy 1 i (Single-phase AC to AC
Converter) lngldlulasmaulnsaiass (TMS320F2808) \ugnmaulnsadyagaduiiaing soudunisussendldanulusunsy
MATLAB Tunsasadyarasegianainuniienad (Pulse Width Modulation: PWM) iiomuauNIruesEInduoan
(MOSFET) Tansnsaususesuussiuliiivneanldmudonis asiieenuuvamnsonvaussiuliiiinssuaaduundililed
wsaulnianszuaadurronnlugag 0-220 Taad Ainaud 50 1F5ad Tnoussdutondinaddnvuzidunduled (Sinusoidal
Waveform) wagdiarsinidsansiade (RMS) gegndl 220 Tad mimuﬂmiwﬁ”uLLiqé’uLmﬁwmmmsaﬁwlﬁIm&Jmsﬂ%’uﬁﬁﬁy
lafia (Duty Cycle) Aaust 10% 9 95% daaliaiasaninsa Auaumasbiniuednalinaeng1u n1snaaeuaznaaeuly

ANl Msussyndldlulasaeulvsaaessiuiurenduis MATLAB WiaRaunszuumiuanasaswiadli

Adnfey : asulasiuliihnssuaadudunsyuaady, dygrunisueganninuniteiad , MATLAB/Simulink

ABSTRACT

This paper proposes the design and testing of a single-phase AC to AC converter circuit using a microcontroller
(TMS320F2808) as a control system for switch driver signals, along with the application of MATLAB to generate a pulse
width modulation (PWM) signal to control the operation of the MOSFET switch to adjust the output voltage level as
desired. The designed circuit can convert the input AC voltage to an AC output voltage in the range of 0 to 220 volts
at a frequency of 50 Hz. The output voltage is a sinusoidal waveform with a maximum root mean square (RMS) value
of 220 volts. Controlling the output voltage level can be done by adjusting the duty cycle from 10% to 95%, which
results in the circuit being able to control the output power throughout the range. The experiments and tests in this

article apply a microcontroller with MATLAB software to develop a control system for the power converter circuit.

Keyword: AC to AC Converter Circuit, Pulse Width Modulation (PWM), MATLAB/Simulink
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1. unin

Tudaguunisaivauusedulnii 220 Tadain
wseunslatit dethluldusslenilugusegiu avldnde
wiadlnin Wielildseiuusefusineg muiideants Fmile
wasardivaitivg wariltminun Snaiianuazdenly
mimuqm"’w [1]-[3] Wl eea1nnsadisasulasdului
nszuaadundana e1avgliausaiuinauny wiaulas
T letemun wilunuuisssamoranaunilduazinay
agmannimslivdfoutadliii uazazifugaiiuduvesnis
Wamnsasuaznelulad dWedusnmadentunisdenldany
fmngauiign lunufidesnisanuazidenlunismivay
wseuiiidnvaeaduleiainud 50 Bsnduazaiunsausu
yausauldesnadeniios daudsedudiand 0 Taad auis
wé'fug_jdqmﬁ 220 Thad anunsavilalaenisi

wssauled 50 18509 uNIusaTLUaIR UL
nsvugaduiand 1 Snastiaansathumeunundioudas
I ale nasldsasudasdulaWinszuaaay (AC-AC
Converter) unun1sitnsiauvaslnin (Transformer) e
waneUsenstusnuanudanegulunisusunssiulnii aay
iné’ﬂﬁuﬁuasﬁunu saufansnsesdyyasuniudiaty
2sudasdulwinnszuassvanunsausuaLssn ulvdla
AUADINT Iﬂamsmuauﬁaﬂwﬁa (Duty Cycle) Faumnoing
anusfeudasiiiindlidannsausuussiuldogad angu
uananil Nﬁ]ﬁﬁé’nmmsnﬂﬁadé’zyzymmmﬁqamnmsa%
adslandwilenunsasueadfawmed (LC Filtter) T enaeli
sUnduowalinafeswasdyusumuanadluvazd
nilauvaslinfddesndnlunisnsesdyiusuniunay
Foamsvalnguariainannnitlunisiey ey 2e9s
LLiJmsTulw%mizLLaaﬁUﬁaLﬁumaLﬁaﬂﬁﬁﬂizam%quﬂu
nnauvusdisndastwilumane g nslasu

>
k Roi$
S

[~ 1 s1 2

A
\; & 53
D S | S2
D2
L1
_ —_ ~N

! Tranformer
= |

-
|

|

| | 22012 V.

i

Zero

> 320F2808
TMS F:
Crossing S

A9 1 29asulasiulninsenaadunilanantdluanuide

unAuf viausnisnaaaultasuiasiulni
nsvuaaduidunszuaadunidana savlulasroulnsaass
was TMS320F2808 AuAnulusunsy MATLAB lun1sada
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UNANED

lutaguuewesnszuanseliulseaiu (BLDO) it denegraunlunisirludszgndldauludiumigg wu
guamnssueueud ssuudy ssuudunderlunuanamnssy lnsenzegdsssuuiundeulugnaimnssue e udlni
MATBliANuUszar lunsiawganuannstuAd oudmsusadnseueudlnivundnild seweslviwiia BLDC
A 350W wsanulnil 36-48 VDC yaduimdouusznausie wasauaulagldlulasnaulnsaaesnizna dsPIC uaz993
didnwseiindids Ineldnismiuaunisainduuy @n aiiv aeudiamdu (Six Step Commutation) $9AUNTAIVANLUY Pl &
D laU1I0AIUANNITVL YD BLNDS ag 19T UT UL U SEANE A MasanTun1sldnuas yaaunuAadlusadnse s
Tl nsmegeunistulrdousadnsorusudliimagoufinaiansa 100 rpm-520 rpm vanuialang 45 nu/an. Tunig
SHU SrEEnINITVAday 15 ny. GadiedumuizgaudunisidnuludinusednTunazuanidslsedninmvesssuuaiuaud
Waugu

o o

AdAey : Yaduindeudnseuaudlni, sodnseueudlnn, vewesnssuanseliuuasau

ABSTRACT

Brushless DC (BLDC) motors are widely used in various applications, including the automotive industry,
pumping systems and industrial drive systems, especially in electric vehicle propulsion. This research aims to develop
a drive control system for a small electric motorcycle using a 350W BLDC motor with an operating voltage of 36-48
VDC. The drive system consists of a control circuit utilizing a dsPIC microcontroller and a power electronics circuit. It
employs Six-Step Commutation combined with Pl control to ensure smooth and efficient motor operation. The control
system is installed in an electric motorcycle, and performance tests were conducted at speeds ranging from 100 rpm
to 520 rpm, reaching a maximum speed of 45 km/h on flat terrain. The test covered a distance of 15 km, demonstrating

that the system is suitable for daily use and confirming the effectiveness of the developed control system.

Keywords: Traction control unit, Electric motorcycle, Brushless DC motor
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3 1 0 1 Q1,06 +1 -1 0
4 0 0 1 Q5,Q6 0 -1 +1
5 0 1 1 Q5,04 -1 0 +1
6 0 1 0 Q3,04 -1 +1 0
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570 finfluns feverfind 304 fadiwns warlumunandululiduinugudnans 370 fadiuns fsvogind 344 Tadums viins
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AdAey: wIsamanlendnuuiuey Tuniunuusuven dudssavsnisnseany

Abstract

This research aimed to design and evaluate the performance of a horizontal fertilizer mixing machine. The
machine was designed with dimensions of 700 mm in width, 1,360 mm in length, and 1,220 mm in height. The mixing
tank has a capacity of 50 liters and is powered by a 3-Hp electric motor. The power transmission system consists of a
1:20 gear reducer, a driving gear with 12 teeth, a driven gear with 29 teeth, and a mixing shaft. The ribbon-type agitator,
which is attached to the arms of the mixing shaft, operates in a horizontal motion. The outer ribbon blade has a
diameter of 570 mm with a pitch of 344 mm, while the inner ribbon blade has a diameter of 370 mm with the same
pitch. The mixer was tested with 40 kg of compost and 1,000 plastic beads with a diameter of 5 mm. The agitator
rotated at a speed of 30 revolutions per minute. The average moisture content of the compost was 56.98%. Samples
were collected at 1, 2, 3, 4, and 5 minutes, and the number of beads in each sample was recorded. The coefficient of
variation (CV) was then calculated to assess the mixing uniformity. The results showed that the horizontal fertilizer
mixing machine exhibited good mixing uniformity, as indicated by a coefficient of variation of less than 5%. Specifically,

the coefficient of variation at 3 minutes was 1.74%, and at 4 minutes was 3.5%.

Keywords: Horizontal fertilizer mixing machine, Ribbon agitator, Coefficient of variation
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ABSTRACT

Nanofibers and nanofibrous membranes composed of polymers, ceramics, carbons, and their hybrid materials,
fabricated through electrospinning process, have garnered significant research interest due to their potential
applications in diverse fields, including medical devices, environmental protection and remediation, and energy
systems. Polyvinyl alcohol (PVA) has been extensively used as a functional component in nanofiber composites, a
polymer binder for the fabrication of architectured carbon and ceramic nanofibers, and a scaffolding material for the
preparation of freestanding ceramic nanofibrous membranes, via electrospinning. Consequently, investigating the
effects of working parameters during electrospinning on the properties of the resulting products is essential. In this
study, the influence of solution concentration on the morphological features and physical dimensions of self-standing
electrospun PVA nanofibrous products collected on a rotational cylindrical drum, was examined using scanning
electron microscopy (SEM), and the results were analyzed and discussed. The findings showed that increasing PVA
solution concentration (6-14% w/v) led to larger fiber diameters, reduced membrane width, and increased membrane
thickness. Based on the power law of polymer solutions, the diameter of the electrospun fibers increased as the PVA
solution concentration was raised, following the relationship D ~+/Cn/3. This research enhances the predictive
capability regarding the morphology of the resulting PVA nanofiber products—particularly the fiber diameters—by
identifying solution concentration as a key parameter governing the electrospinning process. This deeper understanding
of how solution concentration affects the morphology of PVA-based nanofibers is expected to facilitate the efficient

fabrication of nanofibrous mats utilizing PVA as a binder and/or structural component.

Keywords: Polyvinyl alcohol, Nanofibers, Electrospinning, Solution concentration, Morphology

1. INTRODUCTION

Electrospinning, a versatile method that uses

electrostatic force to produce nanofibers and
nanofibrous membranes of polymers, ceramics, carbons,
and their hybrid materials, is a straightforward way to
create ultra-fine fibers from polymer solutions or melts.
It offers benefits like repeatability, control over fiber size,
and low production cost. The process involves drawing a
continuous polymer strand through a spinneret using a
strong electric field, resulting in fibers that randomly

collect on a grounded surface to form a non-woven mat.

These fibers feature a high surface area relative to their
mass or volume and high porosity, making them easily
functionalized and suitable for various applications [1-5].

Among the diverse polymers utilized in
electrospun nanofiber production, polyvinyl alcohol
(PVA)—a water-soluble synthetic polymer—is commonly
selected [6].

ficure 1. PVA is an atactic polymer that demonstrates a

lts chemical structure is illustrated in

degree of crystallinity and possesses notable film-
forming, emulsifying, and adhesive capabilities. Addition
ally, it exhibits resistance to oils, greases, and various

solvents. PVA is characterized by high tensile strength,
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flexibility, biocompatibility, low tendency for protein

adhesion, and low toxicity, and excellent barrier
properties against oxygen and aromatic compounds [6-
8]. These properties have supported its application such
as medical devices, photographic films, and binder

substances [9].

in

Figure 1. Chemical structure of PVA.

In the context of electrospinning, PVA is
extensively used as a functional component in nanofiber
composites [10-12], a raw material and binding polymer
for the fabrication of architectured carbons [13-15] and
ceramic nanofibers [16, 17], and a scaffolding material for
the preparation of freestanding ceramic nanofibrous
membranes [18]. Therefore, a systematic investigation
into the influence of electrospinning parameters—
comprising solution properties, processing conditions,
and environmental factors—on the morphological
characteristics, shape, and dimensions of the resulting
nanofibers is crucial [19].

In recent years, numerous studies have explored
the influence of various parameters on the morphology
and diameter of electrospun PVA nanofibers [8], including
solution viscosity [20], flow rate, degree of hydrolysis,
applied voltage, collection distance, ionic salt addition
[21], molecular weight [22], pH [23], surfactant addition
[24], and collector type [25]. However, the findings have
frequently been inconsistent or contradictory.

Among the electrospinning parameters, the
concen tration of spinning solutions plays a critical role
in determining the morphological and structural

characteristics  of the resulting nanofibers and
nanofibrous membranes [8, 20, 26].

Supaphol and Chuangchote [8] studied the effect
of the concentration of PVA solutions (which is directly
related to the viscosity of the polymer solutions) on the
morphology of electrospun PVA nanofibers fabricated
using the electrospinning process with a stationary
collector. It was found that the fiber diameters increased
with increasing solution concentration and that the
deposition area of the fibers on the collector decreased

accordingly.

Meanwhile, Mohammad Ali Zadeh et al. [20]
employed PVA solutions as binders for the sol-gel of
cationic ions in the preparation of electrospun mullite
nanofibers. Their study focused on the effect of the
viscosity of PVA solutions on the morphology of the
They observed that
increasing the viscosity of the PVA solution significantly

resulting nanofiber products.
affected the morphology and led to a noticeable
increase in the fiber diameters.

However, despite the conceptual explanations of
how the concentration and viscosity of polymer solutions
affect the morphology of the nanofiber products, no
work has yet described a mathematical relationship
between these parameters (e.g., polymer solution
concentration or viscosity) and the morphology of the
resulting electrospun PVA nanofiber products (such as
fiber diameters).

Until 2025, when Munawar et al. [26] investigated
the relationship between solution viscosity, solution
concentration, and the diameter of electrospun fibers,
employing a power-law relationship (to describe the
dependence between the viscosity and concentration of
polymer solutions) and drawing upon the findings of
Schubert to explain this relationship. This research
contributes to predicting the morphology of resulting
nanofiber products (e.g., fiber diameters) by defining the
parameters during the electrospinning process. In their
work, polycaprolactone (PCL) was used as the polymer
model, and a rotational collector wheel was employed
to collect the fibers.

Here, in order to fabricate self-standing PVA
nanofibrous membranes via the electrospinning process
using a rotational cylindrical collector, the effect of the
of the

morphological characteristics, shape, and dimensions of

concentrations spinning solutions on the
the resulting nanofibrous membranes was primarily
investigated. This study represents the first instance of
exploring the relationship between the concentrations of
the spinning solutions and the diameters of the
electrospun fibers in the preparation of self-standing PVA
nanofibrous membranes via the electrospinning,
employing mathematical equations to describe this

relationship.

2. MATERIALS AND METHODS
The solutions for electrospinning were prepared
by dissolving PVA powder (Sigma-Aldrich, My, ~ 160,000 ¢

o o
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mol”, degree of hydrolysis (DH) of > 85.0%) with a
predetermined amount into distilled water in a closed
glass bottle under gentle magnetic stirring at 50 °C for 12
h, before naturally cooled to a room temperature.
Afterwards, transparent spinning solutions at different
concentrations (6%, 10%, and 14% w/v) were achieved.
All chemicals in this work were used as received.

For the electrospinning process, the spinning
solution was loaded into a medical plastic syringe with a
No.21-guage-size stainless needle. To investigate the
effect of solution concentration on the dimensions
(width and thickness) of the obtained nanofibrous
membranes, the supplied voltage was fixed at 15 kV,
spinning distance (needle-tip-to-collector distance at 8
cm, rotational collecting speed of 100 rpm, and a
spinning duration of 1 h. Meanwhile, the solution feeding
rate was controlled at 1.0 mL h™. This value represents
the flow rate at which the polymer solution was
consistently delivered to the spinneret tip, ensuring
adequate supply to form a stable Taylor cone and
without  the

accumulation of solution droplets at the needle tip

achieve uniform fiber formation,

during electrospinning. The electrospinning  was
conducted under ambient conditions, with a relative
humidity of 25% and at room temperature (25 °C). The
scheme of electrospinning setup employed in this work
is shown in figure 2.

The morphology of as-electrospun nanofibrous
membranes was observed using scanning electron
microscope (SEM; JEOL, JSM-IT500 INTOUCHSCOPE™) and
fibers’ diameters were measured using Image J. Thirty
fibers were selected to evaluate the average fiber
diameter (X) and the corresponding standard deviation

(0) calculated using equation (1) and (2), respectively.

O=\|— 2

where X; and n are the fiber diameters in the data
distribution and total number of fibers, respectively.
Meanwhile, the thickness of the nanofibrous
membranes obtained was measured using a digital
thickness gauge (Mitutoyo 547-561S, 1 um resolution).

The thickness measurement was performed at five
equally spaced positions across the membrane width
including the center (Q), the edges (E; both left and right),
and the midpoints between the center and the edges
(MEGC; both left and right).

Syringe pump set

- PVA solution

High voltage | S
supply A spinning distance
N

% Rotational drum
collector set

Figure 2. Electrospinning setup used in this work

(Top-view).

The viscosity of PVA solutions was determined
using a rotational rheometer (Anton Paar MCR302), with
at 25°C through a

temperature control unit. Rheological measurements

the temperature maintained

were conducted using a parallel plate configuration with
a diameter of 50 mm and a gap of 0.6 mm. To minimize
solvent evaporation during testing, a suitable solvent trap
was employed. Each measurement was preceded by a
pre-shear at 0.1 s~ for 1 min, followed by a 1-min rest
period (0 s”' shear rate) to eliminate any artifacts arising

from sample handling and loading.

3. RESULTS AND DISCUSSION

A comprehensive  understanding of  the
electrospinning process requires consideration of six
fundamental forces: (1) the gravitational force acting on
the polymer solution; (2) the electrostatic force that
drives the charged jet from the needle toward the
collector within an electric field; (3) the Coulombic
stretching force resulting from repulsion between like
charges within the jet, which promotes jet elongation and
thinning; (4) the viscoelastic force of the polymer resisting
deformation; (5) the surface tension opposing the jet
elongation; and (6) the drag force arising from air

resistance during the jet’s trajectory [8, 27, 28].
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To investigate the effect of spinning solution
concentration—the principal solution parameter—on
the morphology, shape, and dimensions of the resulting
nanofibrous membranes during the electrospinning
process, all other parameters, including process
parameters (applied voltage, spinning distance, collector
rotational speed, and spinning duration) and ambient
parameters (temperature, humidity, and pressure), were
kept constant.

It is well established in electrospinning that

achieving uniform ejection of the charged jet requires a

- A NJ

10% w/v

spinning solution with an appropriate concentration or
viscosity. At low concentrations, insufficient molecular
entanglement leads to jet instability and the formation
of droplets—a phenomenon known as electrospraying—
rather than a continuous jet [8, 29, 30]. Conversely,
excessively high concentrations hinder the continuous
flow of the polymer solution from the nozzle. Therefore,
a critical concentration threshold must be surpassed to
ensure stable jet formation, and electrospinnability is
confined to a specific concentration or viscosity range,
beyond which droplet formation becomes predominant
[8, 31].

Count
Count

5 100 150 200 250 9% 150
Fiber diameter (nm)

Count
e}

I

200 250 280 200 300 400 500 600
Fiber diameter (nm)

Fiber diameter (nm)

Figure 3. SEM images at low (upper raw) and high (lower raw) magnification of the PVA nanofibers fabricated from
various solution concentrations. The scale bars represent 5 pm and 500 nm for the low and high magnification,

respectively.

Figure 3 presents SEM images depicting the
and their
corresponding fiber size distributions. The findings

morphology of the electrospun fibers

revealed that the fibers electrospun using different
concentrations were obtained with the formation of

uniform fibers and without any beads along the fiber

length. This outcome is attributed to the sufficiently high
solution viscosity, which enhances the viscoelastic forces
to a level that fully suppresses jet breakup, thereby
enabling more uniform elongation of the charged jet
under Coulombic stress [8]. Electrospinning of the 6%
w/v PVA solution resulted in fibers with a diameter
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distribution of 136.56 + 27.94 nm. Meanwhile, fibers
obtained from 10% and 14% w/v PVA solutions exhibited
24235+ 2920 nm and

respectively. At a

average diameters  of
440.79 £ 39.48 nm,

electrospinning

constant

condition, increasing the solution
concentration led to a progressive increase in fiber
diameter, primarily due to increased solution viscosity.
These observations are generally consistent with
previously reported results [8, 21, 22, 32]. The viscosity
of aqueous PVA solutions, as characterized using the
rheometer, was determined to be 60, 359, and 1,427
mPa s, at concentrations of 6%, 10%, and 14% w/v,
respectively. The relation between viscosity (7)) and
concentration (C) for the PVA solution is shown in figure
4. It seems the concentration dependence of the
viscosity follows a power law (see equation (3)) [26, 33].
This phenomenon generally occurs over a high
concentration range when the polymer concentration
exceeds the reciprocal of the intrinsic viscosity (C > [1]7,
where [7]] represents the intrinsic viscosity of the
polymer solution) [33]. In this work the exponent ol was
found to have a value of approximately 4. A previous
report discussed that exponent o values ranging from 3
to 5.4 are associated with the facilitation of complete

fiber formation during electrospinning [34].

n~c* (3)
1600
=~ 1200 {| Power law fit
T g0 | R?
E
= 400 1 k = 0.0307 £ 0.0075
0 r 0. =4.0720 £0.0926

4 6 8 10 12 14 16
C (% wiv)

Figure 4. The relationship between viscosity (1) and
concentration (C) in PVA agueous solutions exhibits

a power-law behavior.

On the other hand, in electrospinning, three
characteristic regimes are typically observed, each
corresponding to a specific range of polymer
concentrations [34, 35]. The first regime arises in the
semi-dilute region, where the polymer concentration
exceeds the critical overlap concentration (C*) but

remains below the critical entanglement concentration

(Co). In this range, polymer chains overlap without
sufficient entanglement, leading to the formation of
beads or particles rather than continuous fibers. As the
concentration increases beyond Ce, chain entanglements
begin to develop, resulting in a beads-on-string
morphology characterized by beads connected by short
fiber segments [36]. When the concentration reaches
translation point (approximately 2 times C. for PVA
aqueous system with PVA M,, of 145-180 kg mol ™" and
DH level of 88%) [35], the level of entanglement
becomes sufficient to suppress instabilities in the
electrospinning jet, enabling the formation of smooth,
uniform (bead-free) fibers—this state is referred to as the
heavily entangled or concentrated regime [34, 35, 37,
38]. These regimes are broadly applicable across various
polymers, though the specific concentration thresholds
vary depending on the polymer system [35].

The Ce is the concentration at which polymer
chains begin to overlap and form a transient network due
to entanglements, significantly increasing the solution's
viscosity and elasticity, which is primarily determined by
the molecular weight of the polymer and the strength of
intermolecular interactions, particularly  hydrogen
bonding. According to a detailed rheological study, the
Ce was calculated using equation (4) [36, 39].

M
c.-P=e (@)
MW

where p is the density of polymers. M. is the
entanglement molecular weight and M., is the weight-
average molecular weight of polymers.

In this work, for PVA aqueous solutions, with a
polymer M,, of 160,000 g mol™, a polymer density of 1.3
g cm?, and M. of 3,750 g mol™ [39, 40], the Ce is
approximately 2.98% w/v. The PVA agueous solutions
were investigated within a concentration range of 6-14%
w/v, which exceeds the entanglement concentration
about 2 times Ce. This indicates that the solutions fall
within the entangled to concentrated (heavily entangled)
regime of polymer concentration. In this regime,
sufficient  molecular entanglement promotes the
formation of smooth, continuous, uniform (bead-free)
fibers, as confirmed by the SEM images of the
electrospun fibers at each concentration. This is also
consistent with the previous report by Ewaldz E, et al.

[35]
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The identification of these regimes can be

achieved through shear rheological analysis in
conjunction with microscopic characterization of the
electrospun fibers, particularly through variations in the
slope of the relative viscosity or specific viscosity (7sp)
versus concentration curve [35]. In this study, shear
viscosity (i.e., 7,) was evaluated across a range of
concentrations, as presented in figure 5. The specific

viscosity (7)) is determined using equation (5) [37].

N—"o
No

e =

where 17, is solvent viscosity. In this work, water was used

as the solvent; as a result, the 77 is 1 mPa s.

10000
%
1000 1
& : R? = 0.9957
100 + Slope = 4.2577 + 0.3579
10 - -
1 10 100

C (% wlv)

Figure 5. Relative viscosity of PVA aqueous solution at

various concentration.

In this study, when the concentration of PVA
aqueous solutions exceeded approximately 2 times the
critical entanglement concentration, placing the system
within the concentrated regime, the slope of the specific
viscosity (7)s) versus concentration plot was found to be
approximately 4.26. This result is consistent with a
previous report, which observed a slope of 4.3 in the
concentration range associated with complete fiber
formation via electrospinning [35]. The slightly different
slope value is reasonably attributed to the smally
different molecular weight of the PVA used herein.

Empirical scaling laws have shown fiber diameter
scales with viscosity, as a power law with exponents
around 1/3 to 1, linking concentration and viscosity
directly to fiber size [26, 38, 41]. However, the
relationship between fiber diameter and viscosity is
frequently well described by a power-law dependence
with an exponent of approximately 1/3 [26, 41].

Figure 6 illustrates the correlation between fiber

diameter (D), viscosity (77), and concentration (C). As

recommended by Schubert and supported by previous
studies [33, 42], analyzing fiber diameter solely as a
function of viscosity is insufficient without explicitly
accounting for concentration. When electrospinning
occurs without jet splitting, the interdependence of D, 7,
and C can be described by equation (6) [26]. This
relationship was experimentally validated by plotting \/%

7. The fit fell

experimental error and confirmed that viscosity is

against resulting linear within
proportional to the nanofiber diameter raised to the

power of 1/3.

D ~Cn'/3 (6)

150 1

z - 2

s f R?=0.9915

2 100

e I

E 507

© S . .

S o . . . .

0 3 6 9 12 15

’71/3 [(mPa S)1/3]

Figure 6. Ratios of fiber diameter to the square root of
concentrations as a function of 7' for PVA fibers
electrospun at different concentrations (6%, 10%, and
14% w/v).

The results clearly demonstrate that polymer
solution concentration is a critical parameter influencing
fiber diameter. Increased concentrations lead to higher
viscosity, which hinders the elongation of the polymer
jet under the electric field, thereby producing thicker
fibers. This observation aligns with both theoretical
predictions and the experimental findings of the present
study, which collectively indicate a positive correlation
between fiber diameter and viscosity. In contrast, lower
concentrations decrease viscosity, facilitating greater jet
elongation and resulting in finer fibers [26, 43]. This study
utilized

empirically validated in Schubert’s work [33, 42], as a

equation (6), originally formulated and
foundational model for analyzing the electrospinning
process. The equation serves as a crucial framework for
validating and refining experimental results under varying
conditions. By incorporating this established model, the
current research not only confirms its relevance in new

experimental contexts but also aims to deepen the
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understanding of the electrospinning mechanism for the
of PVA nanofibers with

morphologies. This integration enhances theoretical

preparation controllable
comprehension, provides novel empirical evidence, and
contributes to advancing the precision and capabilities of
electrospinning techniques.

Figure 7(Top) and (Middle) show selected optical
images illustrating the deposition area of the electrospun
fiber mats and their widths from PVA solutions at various
concentrations under an applied electrical potential of
15 kV, spinning distance of 8 cm, solution feed rate of 1
mL h™" and rotational collecting speed of 100 rpm, for 1
h, which was performed in air relative humidity of 22%
and atmospheric pressure, and at room temperature
(25 °C). Under the fixed electrospinning conditions, the
widths of the spun fiber mats consistently decreased
with increasing solution concentration. This may be
attributed to the enhanced viscoelastic force at higher
concentrations, which reduced the likelihood of jet
thinning and caused the onset of bending instability to
occur nearer to the collector [44, 45]. This result is
consistent with the increased membrane thickness
observed at higher solution concentrations (see figure
7(Bottom).

4. CONCLUSIONS

This study investicated the effect of spinning
solution concentration on the morphology and
dimensions (width and thickness) of PVA nanofibrous
membranes. The results demonstrated that the average
diameter of the electrospun PVA nanofibers increased
with rising solution concentrations (6-14% w/v), while
other parameters were held constant. Additionally,
higher solution concentrations led to a reduction in
membrane width and a consistent increase in membrane
thickness. This research strengthens the predictive
understanding of the morphology of the resulting PVA
nanofiber products, particularly the fiber diameters, by
elucidating the critical role of solution concentration as
a key parameter in the electrospinning process. These
findings provide a deeper understanding of how solution
parameters influence the structural features of PVA-
based nanofibers and nanofibrous membranes, thereby
supporting the effective development of nanofibrous
materials using PVA as a binder and/or structural
component. The results obtained in this study provide

valuable insights for the fabrication of hybrid ceramic

nanofibrous membranes for environmental applications,
particularly flue gas purification and water treatment,

which is currently under investigation in our laboratory.

10% w/v

6% w/Vv

E” M

12
£ I
=
T 6
= L
3 1 r 1 r ! . 1 . 1 r 1 . ! . L
4 6 8 10 12 14 16 18 20
PVA solution concentration (% w/v)
16

| LeftE
Left MEC
r C
e Right MEC
| | == Right E

Thickness (um)
o E=N oo l:.)\

AN
14
PVA solution concentration (% w/v)

Figure 7. Digital images (Top) of the PVA nanofibrous
membranes and their widths (Middle) and thickness
(Bottom) electrospun from various PVA concentrations.
The inset in the middle image displays the self-standing
PVA nanofibrous membranes electrospun from a
spinning solution at a concentration of 10% w/v, after

being peeled off from the aluminum foil.
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