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Abstract
Sugarcane harvesters play an important role in the reduction of atmospheric PM2.5 caused by the burning
of sugarcane crops and the shortage of labor in sugarcane harvesting. This research aimed at the performance

evaluation of two medium-size (MSH) (164 and 179 kW) and two large-size (LSH) (251 and 260 kW) sugarcane
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harvester used in Lower North region of Thailand for decision making to select the size of sugarcane harvester
suitable for row spacing and row length. Two MSHs and two LSHs were tested in a Khon Kaen-3 variety sugarcane
field with the row spacing of 1.72 m, the average row length of 287.73 m, average yield of 10.93 ton rai’, 6 rows
per each plot and average area of 1.86 rai plot”, 3 replications at Amphoe Bueng Na Rang, Phichit province. The
average soil moisture and bulk density of the loam soil at the depth of 0-10 cm was 13.72% d.b. and 1.16 g cm?,
respectively. The results showed that the speed and field efficiency of MSH and LSH were significantly different.
The average speeds of MSH and LSH were 1.06 and 1.51 m s™', while the average field capacities were 35.14 and
44.05 ton h'', respectively. The MSH2 was found to have field efficiency and time efficiency of 83.04 and 85.78%,
respectively, which were significantly higher than the other 3 Models. The billet lengths between 17.2 to 25.0 cm
were found insignificantly different on bulk density of billet, however, the longer billets were found having higher
percentage of contamination than short billets. However, the farmers in the Lower North region mostly grow their
sugarcane with the row spacing of 1.50 m and small farm size (less than 50 rai). The MSHs were suitable for the
row length of 287.73 m or shorter and the row spacing of 1.50 or 1.72 m as the wheels would not damage the

sugarcane stubble and the payback period was lower than 4 years.

Keywords: Sugarcane harvester, performance of sugarcane harvester, size of sugarcane harvester
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Table 1 Specifications of sugarcane harvesters.
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Front wheel width (m) 0.26 0.21 0.33 0.41
Rear wheel width (m) 0.54 0.51 0.63 0.64
Front outer dimension (m) 2.080 1.875 2.610 2.410
Rear outer dimension (m) 2.270 2.130 2.490 2.510
Wheelbase (m) 2.260 2.290 2.650 2.525

2.61
2.27 1.25

1.15
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1.72 1,086 ] [ 172 | 0.86_]
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b) row spacing 1.72 m

Figure 1 Comparison of LSH and MSH with 1.50 and 1.72

m row spacing.
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MINEIFTU KATHUTT ATIUNUILUUNIATINVDIR UTISERY
ANAN 0-10 cm flAdeniifiszduaiudn 10-20 way
20-30 cm (Table 2) Wethilosunaniinasldiadesiionsau
funazldoiiszduanudn 0-10 cm dawalsidudiaiiy

PULUULIATINLBYNINTEAUAINUEN 10-20 wag 20-30 cm

Table 2 Moisture content and bulk density of soil.

Bulk
Soil depth Moisture content

density

(cm) (% d.b.) s

(gcm™)
0-10 13.72+2.84 1.16+0.09b
10-20 14.40+2.65 1.31+0.10a
20-30 13.47+2.71 1.33+0.08a

p-valve >0.05 <0.05%

*Mean followed by the same letter in a column are not

significantly different at p<0.05 by LSD.

o 1%

2) ANPULNNNIENINYDIDDY

fudosiinugaadsnnlauduiaqasinsssuui uas
Taudsuaelu 2.49 wag 4.01 m muafu Svuraduniu
quej‘ﬂama?{ﬁﬁiﬂué’w navaazUanuan 27.33 27.96 Lag
32.18 mm auasy dmindusesads 2.04 kg Ineu

dmiinlusesiads 15.69% (Table 3)

Table 3 Physical properties of sugarcane Khon Kaen-3 variety.

Height (m) Diameter (mm) Mass (kg)
Ground
to Ground
Model
natural  to top of Base Middle Top Stalk leaf Total

breaking leaf
point

MSH1 2.50+0.27 4.04+0.29 27.97+3.42ab 27.16+3.28 32.58+2.62 1.66+0.42 0.33+0.06 1.99+0.46
MSH2 253+0.20 3.92+0.28 25.94+4.02b 27.88+2.68 31.93+2.84 1.66+0.29 0.31+0.08 1.97+0.34
LSH1 252+0.34 4.10+0.34  29.04+3.58a 28.55+3.15 31.75+4.30 1.89+0.64 0.34+0.01 2.23+0.70
LSHZ 2.43+0.36 3.96+0.39 26.36+2.98ab 28.23+4.08 32.44+3.14 1.66+0.40 0.31+0.01 1.97+0.44
Avg. 2.49+0.29 4.01+0.32  27.33+3.63  27.96+3.27 32.18+3.20 1.72+0.45 0.32+0.08 2.04+0.50

p-value >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05 >0.05

*Mean followed by the same letter in a column are not significantly different at p<0.05 by LSD.
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Table 4 Performance of sugarcane harvesters.

Effective  Theoretical
Field Field Fuel
Yield Speed field field
Model efficiency capacity consumption
(ton rai™) (ms™ capacity capacity . .
. . (%) (ton h™) (L ton™)
(rai h™) (rai h™)
MSH1 11.92+0.46a 1.07+0.09b 3.01+0.19c  4.14+0.36b  72.86+3.49b 35.81+0.87b 1.74+0.49ab
MSH2 10.62+0.45b  1.04+0.13b  3.14+0.05c  4.05+0.51b 83.04+7.11a  34.22+0.50b 1.16+0.06bc
LSH1 9.84+0.85b 1.53+0.12a 4.39+0.22a 5.93+0.46a 74.14+2.18b 43.33+5.90ab 0.96+0.09¢
LSH2 11.34+0.58ab  1.49+0.1da 3.94+0.28b 5.77+0.55a 68.41+2.49b 44.82+5.243 1.94+0.29a
p-value <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* <0.05*

*Mean followed by the same letter in a column are not significantly different at p<0.05 by LSD.
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Yhveiniede 35.17 way 44.08 ton h sudeiu azuiulas
safndes LSH §sflvuindumasuinniisadnsas MSH
1.49 Wi denalviaunsadeuiisadaslimsininsadnses
MSH 1.43 i1 LLazﬁmmmmsmiuﬁwmu@aﬁmﬂ’ﬂqm’h
sofmgee MSH 1.25 11 vz §n51n158 wUdeaisfy
Fawmadliflmuduiuiiurunnvessadndes
dmsunnuanansalumsvheudaiuinuii sadades
MSH fauanunsalunisviiauads 3.06 rai h? asnin

v o w a

506n008 LSH og19ildud1Ayn19ads waznuinsadnoy

Table 5 Time efficiency of sugarcane harvesters.

LSH1 fmnuanunsalunisyiaudeiuiunnninsadades
LSH2 uansingfuseedvbdfgmisaia eenaidenan
AMUNUILLUTe99 a8 lulUas LSH1 dayniiuuas LSH2
danalvisadndos LSH1 wndeufidnseslfisininsadndas
LSH2 § qaonnd a9 ua1u3s8ve9 Kaewkabthong and
Udompetaikul (2019) fia11uvuwy ue oad nase
ANNEINITalUNITIIeU
NHENSANEIUSEANS MMM UB s Uil LaziBa
1281 (Table 4 uag 5) WU saFRDOY MSH2 fiuszansnn
Tumsvieudaiuiiuasi@anaiade 83.04 uay 85.78%
muddy Fsgeninsndndes MSHI uazsafnges LSH aens
ffdfynsadd WeRansunaiigydedadunandly
Tun1519199888NIMNEYNIUANFLILALNAUTO WUTT 1IN
fgapde Liflanuduiusiurunevessasados
Lﬁa‘ﬁmiz:mmﬂ%@gaﬂﬁzﬁm%ﬂwwiuﬂﬂivi’wwul,%nﬁuﬁ
LAZLTIIA1 WUI SaRREeY MSH2 fiannuiunsauiunis

yMaulukUaaniianuenieds 287.73 m

Average Time

Area Harvesting time Loss time Total time

Model  length of row efficiency
(rai) (min) (min) (min)

(m) (%)

MSH1 290.66+1.95a  1.88+£0.0la 28.39+1.90a 9.11+0.41a 37.51+2.31a 75.69+0.40b

MSH2 292.62+8.53a  1.89+0.06a 30.17+2.76a 5.19+1.58b 36.64+0.77a 85.78+4.60a

LSH1 278.94+1.95b  1.80+0.01b 18.83+1.66b 5.80+0.62b 24.63+1.04c 76.35+3.57b

LSH2 288.70+5.17a  1.86+0.03a 20.76+1.62b 7.68+0.54a 28.43+1.70b 72.96+2.11b

p-value <0.05* <0.05* <0.05* <0.05* <0.05* <0.05*

*Mean followed by the same letter in a column are not significantly different at p<0.05 by LSD.



Thai Society of Agricultural Engineering Journal Vol. 30 No. 2 (2024), 1-10

3.4 UszansamlunIsyiuvessasngee

910 Table 6 WU31 506A 08 LSH fiA11ue1viaus sy
WA veudasInIaRngay MSH LasnuitAIueT)
Vioudoulad usening 17.2 89 25.0 cm lddsnananiy
NUIMUUNIATINVDIVIDUDDBUANFAA WD G H TadIAY N9

A0 AUNUILULNIATILTOWIOUDDELRAY 438.93 kg m”

Table 6 Billet length and bulk density.

Billet length Bulk density of
Model
(cm) billet (kg m™)
MSH1 25.0+£1.9a 430.74+2.77
MSH2 22.5+2.0b 428.89+8.05
LSH1 19.3+3.4c 449.05+£7.76
LSH2 17.2+1.5d 447.04+10.41
p-valve <0.05* >0.05

*Mean followed by the same letter in a column are not

significantly different at p<0.05 by LSD.

duSevuainnisindeudiusadaii 4 Model (Table 7)
wuin ldflennuuanenstuegeiifeddynieadn faadeuu
sads 18.24% leRansananndsinadadevutomen
wui WHudadeuunnuendes 86.65% lunsdivesduiovu
anluses nuin sadnsos MSH1 fdusevuainlusey
q9anfe 2.60% Faunnsnaeg1efifedfynnadftusada
§088n 3 Model Wailo19iiloaun9nravesmueIves
visudey vieudegerdwmalilunaniainvisudesliein
donndasiunauiseves Wang F. el al (2018) fiaau
917789710 UD DUHINAN DA NNAEDIAVBID DY AINIU
Fasevuidufiu wuin sadndey MSH wag LSH2 &
Anndsliunnaatuegredideddgmieada annisdune
YULIINITNAGOUNUIN AUTUTRADDY LSH2 23Anoedin
Hfiu v s uiensyaedanalvdfufnundurieudesuin
Ju dnfunsdisodndes MSH1 dafusunaludengeniis

Andeiudu dwalviiinviuialiuludesliunnnii

Table 7 Composition of the collected materials from harvesters.

Model Leaf (%) Top (%) Soil (%) Trash (%) Billet (%)
MSH1 2.60+0.38a 15.95+0.85 0.88+0.46a 19.43+1.15 80.57+1.15
MSH2 1.73+0.42b 15.99+1.94 0.36+0.11b 18.08+2.42 81.92+2.42
LSH1 1.43+0.11b 17.94+2.52 0.19+0.09b 19.56+2.52 80.44+2.52
LHS2 1.72+0.23b 13.33+4.16 0.83+0.08a 15.88+4.34 84.12+4.34

p-value <0.05* >0.05 <0.05* >0.05 >0.05

*Mean followed by the same letter in a column are not significantly different at p<0.05 by LSD.

35 msgydedegluuag
ndeyanisaqydedesluwuas (Table 8) luldau
\nuTRTgIURARSsigmanTILia 4 Model fo guyide
LaiAiu 3% lnwsadados MSH uag LSH finsgadeiads
134 wag 2.02% sudidy WewSsuiiisudeyanisgnyde
Fosluudaaiuuiuud uiovuainnisdndesssadn
wuillanuduiusuuuulsnndusiotu nanfe dudouu
nludestiosnisgrydevioudeslunannfiuiu 9019
\Anananurauvesiaauiauazeln enaisin
AudzeIadmuiaugs dwaliausaidludeseanla
wn luvigifsatuveudesiivuaduazileniagniin
gonlUlddae Seaenndnatunanisideves Wang (2018)
Lﬁamwm%aﬁ’mamﬁuqﬁu USinadadeuuazanasuinng

goydevioudesaruniu

Table 8 Billet lost in field.

Model Billet lost (%)
MSH1 1.04+0.21b
MSH2 1.82+0.96ab
LSH1 2.24+0.43a
LSH2 1.79+0.62ab

p-value <0.05%

*Mean followed by the same letter in a column are not

significantly different at p<0.05 by LSD.
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Table 9 Economic analysis of sugarcane harvesters.

Model
Parameter

MSH1 MSH2 LSH1 LSH2
Purchase price (P) (Baht) 8,000,000 8,000,000 13,000,000 12,000,000
Life (year) 10 10 10 10
Interest rate (%) 7 7 7 7
Operating hour (h day™) 8 8 8 8
Operating date (day) 90 90 90 90
R&M price (Baht year™) 170,000 170,000 200,000 200,000
Fuel price (Baht L) 31.00 31.00 31.00 31.00
Fixed cost (Baht ton™) 39.87 41.73 53.55 47.78
Variable cost (Baht ton™) 71.53 53.86 ar.17 77.34
Total cost (Baht ton™) 111.41 95.59 100.72 125.12
Sugarcane Harvester fee (Baht ton™) 190.00 190.00 190.00 190.00
Break-even point (ton year’l) 8,678 7,551 11,696 13,687
Return on investment (ton) 101,788 84,733 145,611 184,943
Payback period (year) 3.95 3.44 a.67 573

3.6 WANITUATILININATYIAITNT

TulwsniamilensuanilonsiA1 ALt uTaAnd oy 11
Baht ton” wazlidayaainnanisnaaeuluutasdesdiil
AIULLUSDELRAl 10.93 ton rai’ wavuUadeefiany
819108 & 287.73 m HAINNITILATIEV U 0L AN
WiSYgAIEaRS AakanesIazidenluy Table 9 Wuinsafndeey
MSH1 MSH2 LSH1 uaz LSH2 faaduvnudi 8,678 7,551
11,696 Way 13,687 ton year' auanau wazdssuziiaiau
vufl 3.95 3.44 4.67 uar 5.73 U muddu azuiulsinsadn
oy MSH flgafunuuazszeznaAunuiitesnitsadndos
LSH

4. agd
MsfnwiteUssdumussansnmvessadndesauin
na13 (MSH) (164 waz 179 kW) wazvuialug (LSH) (251
way 260 kw) fldluwnnipwmionsuaavesssmealne Tu
wlasdesugnituduouuiy 3 Amnumuuiudesiads 10.93
ton rai’ U1 sadAses LSH dnnnusslunsiadeuiivas
Auansalunsiaudaiminuinninsadagey MSH
Tuwniziisadndos MSH2 dUszansamlunsvheudeiiug

warUseansnnlun1svinanuldalanuinninsadnoeedn 3

Model Tunsiiuii s esluntasdosiifiniueiade
287.73 m LATWUIN ANLEIVeUSasaEsENINg 17.2 B
25.0 cm U T HaAN 8AIUNUILL ULIATINYDIV OUB BY
WANANA U NATBd1AYNINEa R widnanau3uiw
Fadevuiifnlufureudes eusesiivnasilusesinly
furieuseslfinnninvieudosiidu

safneey MSH danuwmingadlunisldnuiuilasdey
fflszorrieszninaua 1.50 uaz 1.72 m eauisayney
Tunlasdosvennunsnsluwanmamionsuaisfidssozig
szndnananade 1.50 m Welagldfinansznudonasos uws
safndes LSH flentamisunninesssuinnindiodes
enlunlasdeeiifiszozsesewinawnn 1.50 m

mslddenldsadnsaiiovhauluwlasdssiifianue
wandouLRde 287.33 m niedund msidenldsadndes

P 1% N

MSH ellgnAunuuazseeeIaAUUAINIIsafndes LSH

LR R
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Adelldnsaldied wWeewinldsunisatuayuain
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Development of Semi-Automatic Vertical Yellow Galangal Washing Machine.
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pnsedunsHaalitiusyAvsamgety Taglduianssudhundiglumsiinuiuuide Wetsudlalgmiliisainnssuiuns
Fravrigaldussnuadlunisdeddldssozinaiuiy wasitorasusendai Tnowndosdnadlduemesauin 1.5 hp udu
Ads Gﬁaﬂﬁgﬂaw’hﬂﬂ;ﬂimqa%’wm%n YATIAN YALNAIEIAIR UATYAAIUANNITVINNIUVDINBLABS ANEATNITHIUY
wilewadesdnin anwanismaaemuindeulefimuizanlunisiinuvenaies fio Ausaseu 350 rpm vatlun1sdn
15 min U3 40 L sniingadl 15 kg IArauazendigean 92% finsnisdudoandsaulaiin 3,194 w n
a11508°9U1LA 600 kg day ! HaNFIATIEEIMIBATYTAIARTNUTIU LN SRERseAlansuanatiesay 70 dlovhauiuas

1%

8 hr Agilszuziia1Aunud 6 day warynAuUYH 17 hr year’

C R R

fddey: 13esdn, Yivdessou, Hemiudd
Abstract

The objectives of this research were to develop and assess the efficiency of a semi-automatic vertical light-
yellow galangal washing machine. The expectation of this research was to raise the production of washing machines
to higher performance. Innovation aids in traditional tasks, cuts down on labor-intensive work durations, and
conserves water. The galangal washing machine uses a 1.5 hp motor as the power source, which consists of a
machine structure set, a washing tank set, a power transmission shaft set, and a motor control unit. Working
characteristics are similar to washing machines. The result shows that the optimum conditions for operating the
machine are a speed of 350 rpm, a washing time of 15 min, a water volume of 40 L, a galangal weight of 15 kg,
giving the highest galangal cleanliness value of 92%, and an electrical energy consumption rate of 3,194 W h™* that
can wash 600 kg of galangal day'. An engineering economic analysis showed that the production cost per kilogram
is reduced by 70% when working 8 hr day™, the break-even period was 6 days, and the break-even point was 17

hr year’1
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Figure 1 Galangal.
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Figure 2 Traditional yellow galangal cleaning.
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dlo C = anuazenn (%)

Ms1 = dndrutminfuseuimingifourinay
ax019 ()

Ms2 = dndautiminausotndngudwiaiy
a9 ()

Aua1u1salun19v9u (kg h?) Taefiansaiainns
Maulaaswenniesreniional auisaswaldan
aumsit 2 dareluil (@fanssw wazsaned, 2561)

Q=7 2

dlo Q = Smsnisviau (ke h)

M = thwingienun (kg)
T = nanldianun (h)
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25 MTUTHTUHAN 1ATYAITNTIAINTTH
insugAandimnssndunisinnesiii edalden

Tasan1sve U3ns sfimvusjsmnoiieussndansneins

TasufuauduainazneliAnusslovduniign uside

v v ~ I a v = o
Alddedosiign \unsuszfiuduuiieuiunaneuuny

a

Alasunisamu (Fude uazygy, 2538) lnedivdannisn
faoluil

1) Alda1815 Uiy (First Cost) Fuvuls uusn Ao
AldasamiuamuiBuiu 1wy wiesdns fiau 1wy

2) algTglunisaiiunis(Operating Cost) Aunulu
asandiuns & 2 wuu Ao Arlddremil (Fixed Cost) Ao
Arfimeiilduuslumuusununiswan Wy Adousian an
\delaniavesnuluias esd9n wazdnldaredunys
(Variable Cost) fie anldd1eiudslumuuSunanisndn wu
Al azuUsvasumuUSnamesifithundeieinies
3) Arldetavuaiiiadulunisdien fuansieeng

Tugunsh 3
AC=FC+VC 3

e AC = Aldgretamundiing ulun1sdragn(Bant
Year?)
FC = Audausiniaeand eedisan (0) + Ade
lonalunisasu (R)
VC = 19195991 (W) + a1l (B) + A
U53nw (M)

ANLADNSIAN ARANNEUNTTT 4

=] a -
Andglonialunisamu Annaun1si 5
S
- () ;

dle P = iandentoatiuaiosdnet (Baht)
L = p1gnsldanuiaiesénetn=10 (year)
S = yanasadldouasu 10 Y = 0.1P (Baht)
D = Adeusiaied (Baht year)
R = AndglonialunisamusieU (Baht year™)

| = dnsmentlen 10% year”
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4) 3afunu (Blank etal, 1998) Aauansiog19lu

aunnsa 6

FC
BEPs = (SUu-VCu) 6

v

\Wie BEPs = 3AAwY)

119U (unit year )
VCu

AbgInewlsHusauae (Baht unit?)

SUu = A1319eeuuae (Baht unit™)
5) sgelaAuU Aaandtegsluaunisn 7

pBP = M€ 7
p

Wi PBP = szgwliantunsfunu (year)
MC = Algareranunlunisasiauasag (Baht)

p = fls (Baht year™)

26 N1999NUYUNITNIAASN
sonuuumsnaasslasliiSnsueamnd (Roy, 2001) Bs
\denniseenuuuandade ielsfiganimdmanenud
fuevemdnsa dmsudnvurnsifiulszdnsanees
ANIYIIIUAINT MI1d 3UVD Y Signal to Noise L ay
AL UN15MAa89M1U Orthogonal Arrays LUULY (3°) die

FIWTINTRYANEHANTENUABNANITVAGDS

NUUIITRYANIATNINAINAT S/N (Larger is better)
wIasgvigninadadelunisviiaiiuazen L enn

HansenuvesladesineguaziinsgriAnidansnagegaain

aunns? 8

S/N = —10log (ﬁ zj‘:lyf) 8

Wo S/NAD 8RS1E8IUUBIAINUALDIALULA AEANT
79804
n A9 FIUIUNTNARDIT LULARLNITNARD

y: Ao AmauaussluLsazn1IVIAaY

3 Wakazlvsal

31 Auadeves S/N
I1NNAN1TNAADIA 199 ANEdz 01T TasLAS 99f)
WAy (Table 1) 3insnadouniudauysaivunly
wunanUosidusauarenzlasulumutlede A
50U a1 warUsinaweni HUSuABUALsEUILNTENS
nFsmuanansalunsyieuarenve s siiaLT Y
g7l 65.37 - 87.75% §n31d9u S/N 9g58m314 36.30 -

38.86 Inradeves S/N agil 37.77

Table 1 Experimental results according to the Taguchi experimental design.

Speed Time Water (Liter) Cleanliness
Experiments S/N
(rpm) (min) (%)
1 190 10 30 65.37 36.30
2 190 15 35 71.49 37.08
3 190 20 40 73.25 37.29
4 270 10 35 74.15 37.40
5 270 15 40 82.48 38.32
6 270 20 30 79.03 37.95
7 350 10 40 80.83 38.15
8 350 15 30 87.75 38.86
9 350 20 35 85.45 38.63

3.2 HaNITIATIRYIENsNavestavelunIsvAINaYa1n
A153LAsIE NS wavesdadelunisvinaiiudzenn

(Table2) wu71d1A1S/N ¥adadearuauladauin

neANUIfsEauladeauantuasinavilinaninees

o

Janeanuduszansana

q

15
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Table2 Analysis of the influence of factors based on the

average S/N-Ratio of galangal cleanliness.

S/N-Ratio
Factor max-min
Level 1 Level 2 Level 3
Speed 36.90 37.90 38.55 1.65
Time 37.29 38.09 37.96 0.81
Water 37.71 37.71 37.92 0.22

PMNATIATIERMSe8azveIdndSnatadenan (%main
effect) v0sumaztadonuin Auisiseu (Speed) Wulady
Afinasionn S/N 10aBYeIn157ANALIAYEIT N TGN
Andusesay 61.57 s99a9u1Ae LIaN (Time) Andusooay
29.85 warUsuaiin (Water) Andufosas 7.69 eiun
as1ensnanauauss S/N vesunazdade Arutulagle
1Usunsu Minitab19 lanamiudunusvesdnsnaveslady

#13 (Figure 6)

Main Effects Plot for SN ratios
Data Means

Speed Time

385+

380 /'\.
3754 /

37.04

T T T
190 270 350 10 15 20
Water volume

38,5

Mean of SN ratios

380+

3754

37.04

Signal-to-noise: Larger is better

Figure 6 Relationship of factor-value influence level S/N.

910 (Figure 6) WuIdNSWaTINTENINNTABIAT (Time)
Auusunan (Water) dinamoan S/N AuaEye1nYe9dUay
~ a Y Y] Y] < <
Wesudusyautaduninuiiiseu (Speed) lngaanuisa
sauNisEay 3 1A S/N AnuazenuInfignil 38.55 Ay
Woulumuzauvawns e wislilauszansainlunisyi
AVINAYDIAVBAATRIAANER Ao AuSIsoulunsdne
5¥AUTN 3 A9 350 rpm 1Ia1luN15819TEAUN 2 Av 15 min

wazldUSuNuUn SeauN 3 Ae 40 L
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33 WANISVAFOUAIINAINITOIUNITIININYENUA TR
dolmideulelunsdeflmuirauve a3 osdeuudn
Pntuhmeaed (Fieure 6) Ingldmmuausuna
Tun15d19mesauil 15 20 25 way 30 kg MielUSoulfiaum
AMLEAN150TUNTIUTBUATEY INNHANITNAFEUNUT
Srunulsnaiiladnedesddinadornuauisalunis
819 Tnen158 198 ivSann 15 ke liAAuazene GG
7t 92% 18 oviouduUS U7 30 ke LAS B9d 198
mNEINIndsTnazentiesgndl 80.2% iilesanindsves
w3 o9varumind wid euSunmd i uged u viale

ANAINITALUNNTIINUYDUATOIANET

92
:\3 80 4
a
o 60
£
E
3 40
O
20
0
15 20 25 30
Galangal quantity (kg)

Figure 7 The cleaning ability of the galangal washing

machine.

34 HanITVAFeUMIENTINISaUE S W
msdsgalunisnageunsyiauveaesessniudodd
T lunnslyndanuunuened Fundesdnwilduemnes
WJuduiids 910 (Figure 8) nswUssultauyusununisly
T lunisérsdisosoudt 15 min wagldsmuadSunaely
1158797 15 20 25 waz 30 kg IINNANITNIARBINUT N1
dravresoufiusinn 15 ke f8nsnsldusunalniiives
fiandie 798.5 W iileiisuiuusunmediil 30 kg f8ns
nslduTunailiiingaan Ao 851 W iesanduidsves
wdeahauminwdiefianslnaniiuty viliensinisld

SN RGN
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Figure 8 Electricity consumption rate of the galangal

washing machine.

3.5 wanInUSsuiisunsldiniesdneiunIsauvusY

Tun1snageutlssuliisusyninanisldiag oedne fu
L3991UAUA19Y1 Taenrnuadsuiaa 1 lun15ane 75 kg
(Table 3) wuimsanslaeiadefinmuniuldnartlunis
19 60 min G989l saalaeldusesuau 64
a1 160 min Lileea1nn1sdsdasaeas eadunisld
13 09y uus e lwd1gld5 a3 nrsTdusanuau dau
USunanhildlunisdnsdimuinnisdnetnineldiadedld
Usinauiilunisdnad 200 L sensdretn 75 ke touninnis
THusseuauds 50 L 1ieearnnisdnslaeldussmuaull
ansamuaUiinailunsdld wandedeutunmsld
Usunaulith nrsdradilaeiadesdialdsnefiuinninnisdn

Alaeldusesuaui 3.75 Baht time!

Table 3 Comparison results between the use of the
galangal washing machine and the traditional galangal

washing machine.

Amount of Electricity
Time
Method water charge
(min)
L (Baht)
Manual 160 250 15.25
Galangal
washing 60 200 19
Machine
Difference 100 50 3.75

3.6 NANTTUATISYMASYSTUNAITUATYIAITN T IAINTIY
INNANITIATIENTUATYAERNTIAINTIN LagAnd

FIAAUNUNNTATINATOS 20,000 Baht Hegn1s Tdu 10

year Usgtdluanguéin Tnsnsussidudnsnonidod 7%
(2566) ldgmuauaies 1 au fauamisolunisyiieu
600 kg day” 80518 wUaeeandsaulia 3,194 W hr!
yetuar 8 hr Arldanelunisldiades 319.5 Baht day
fiszozialunisunuil 6 day uazqaduuoy? 17 hr

year'

4 a3y

1A3 098199 WA D98 DULUIR L UUA 18 ATuT AL YIS
a5193u Fsmsvadeumusyansamlnedouleimnza
Tun1svianuare1niininusaseunisvyudns 350 rpm
varlun1sdne 15 minwagldusunavei 6o L1
Usgansnnlunisdreinauazeinti 15 kg iﬁLagﬂqqqmﬁ
92% §n51nsauUdomdsanuladn 3,194 W h? @1anse
anwseuAuls 1 AU AuaInsalunisyiaulas0o kg
day” WATNAIATIEUNIUATEEAIANTHUIY AUYUNITHER
noflansuanasdovar 70 4l ov191uTuay 8 hr 9

J2ELIAAUNUT 6 day uaranANYUBYT 17 hr year’

5 fAnAnssuUsznid
vevauANE1UIYInAlulaginTaednsnanyns A

walulagnisinuasuaggAaInnssuinens faduayu

a

w3 oadlolunisadunisvinienuide wazan1duidouay
Wawr undnerdemalulagdsivnsnaglssugld 7ia

U

atvayuRuIuUsznanvinideluasail
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UNANED

miﬁﬂmﬁylﬁaﬂizLﬁumingLﬁEJmiLLazmiLLmﬁmJadLuﬁmmﬂmiLﬁULﬁmﬁ"amﬁmﬁuﬁ:awq'% 84-1 feiA3euien
wIn Feuduuseuniuaaiou dulsznoudelii amnuiiseunsunssdauasszuuaideandn Inefnwinnuiidauduyes
anwIn 2 seAuAe 10.72 m s (330rpm) Uag 12.83 m s™ (395rpm) mamsﬁﬂmwudwmiqzylﬁaﬁLﬁmﬁudaﬂw@,ﬁmmﬂ
nsiuiRglinuauazinnsswesuifigniaudiusnainiedfe 16.98% uas 14.64% mudidu msgaydeiiinan
sruuwanuIdivSnanIsgads 1.78% waz 1.62% Usunaveaudnuaniin 21.98% wag 26.45% wuinkifianuunneng
fusghaiifuddyneada dewSsudisuaiade (T-test)
fdnfty: dandes, indeuieiun
Abstract

The study of the effect of harvesting method using combine harvester on quality losses and seed quality of
Lopburi 84-1 soybean was improved the rotation control plate angle, wheel head components, speed around the
screening sieve and the grain conveying system. The linear velocity of rotor was set at 10.72 m s (330rpm) and
12.83 m s (395rpm). Results of the study found that the causes of harvest loss and tumbling were 16.98% and
14.64% the losses of the threshing was 1.78% and 1.62%, while the broken seeds was 21.98% and 26.45%

respectively. The result of the t test of the linear velocity of rotor showed that all dimensions were not a significant

difference.

Keywords: Soybean, Combine Harvester
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< o L~ ° a P < A &
WU et $n15181LA5 0908739199518 U nedauLA UL 8987
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1. yailnfedeliudunanafinuuugnneu (Figure 1)

Figure 1 Reel Unit

2. YFuyuyaunuadeulviduung 10 as (Figure 2)
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Figure 2 Cylinder cover

3. USUT0UNIVHUTBIYNUININ 560 FBUABUIT U7
=3 < v A <
ANWIAIUL5IT8Y 2 TEAUAD ANULTITOU N1TNYU 395
rpm (12.83 m s™) warAULEITOU 330 rpm (10.72 m )
Tanniwaignuiadiingsienslariaseudesldeiey

£%

felA3esinsou Digital Tachometer $u AR925 ALUY 3

A

o o '

a ¢ @ v
¥ dunaanseunseseudiludeyausenay
4. YSuwasussuuaidsandnduwuunssuiediaes

5. Wasuazunsaakenduvung 11 mm (Figure 3)

Figure 3 Sorting sieve unit

2.2 Wlawmaeau
FamsouuUsUatd 1nd eesdusun1sageu vun
10x40 m Ugndie3snimeenludnsi 12-15 kg Rai' 4iv
Aeafiszozorgnisduiies Aindswduidine 95%
(Reufinuazady, 2558) n93suioas 5 wuas

aq I3 4
2.3 96N 1INNTOUUNLUNUYDYA

a

AsAdunIsnAaaunIsLAUnEIf e 2 N33R0
ada < a v a a a <

n35u3N 1 vivifigadenionieinaniinaiusa seuan

IR 395 rpm (12.83 m s) n330A39 2 LAuAeseLAI 0

Wenwniinausiseugnuan 330 rpm (10.72 m s ™)

24 nmsiudeya
1. oyanugududandesiiiuies Tufiud 1 a1919
RS 5 91 Luuds

a

2. 3UL81N5L AR DU VLAV 82919 2 NSTUATNSBEY

A1SARDUN 40 LUAST

2 & ' & & &
3.4AUWAATIMAUNISA LAY Ineudaluiiui 1 A1
g e < =
wins luiunidudagadessuuuin
4ifiuudngadeszuuuan Arensdiniriesessuly

SYEENISIAARUNIONYY 5 WaT (Figure 4)

Figure 4 Distance of Sample
5. dunandaludufu 500 n§u 1 ensIvd0UAMAIN
< a A Y <
wanuarAudoUu 3NGUTINER
6. N1374AT18YTOYUAAIENITUTHUBUAIINLANATS

Aade (T-test)
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Wiudeyausunanisgadesinannisiiuieansi
L.saydesin = nsgaderinei+andsseuuuin(l)

S o A & & a i 2 \
2.ﬂW§Q€yLﬁEJWJLﬂEJ’J = (lI’JaLlIﬁ@O’W]'i’NMﬁU+L3Jﬁ®LﬂEl?‘lll

YU9)/1AUAANINADIINUA )

3.138d85EUURIATAABININ = (WIAWAAGINT99IN

%paUaDuLAY)/AUIAAANINEBIVIIVILA (3)

a < o 2 & o vy &
4 JFUNULUAALANYN = mamamﬂ‘ummlmuammn/ma

2 o 2 1
LIAANILUADIVINUA (a)

s.Usmadnievy = waveianililvwdnd/mawdndn
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Figure 6 Examples of seeds and impurities (a)=good,

(b)=broken, (c)=outstanding, (d)= impurity
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Tablel Speed of Combine Harvester (40 m)

Treatment Speed (s) F Sig.
(395rpm) 60.42+17.93
0.29 0.65™
(330rpm) 62.59+15.41
P<0.05
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Table 2 Soybean General Information

Trl Tr2
General
(1283 msY)  (10.72ms?
characteristics
395rpm. 330rpm.

Pods plant” 33.22 34.7
Early height (cm) 51.3 49.06
first pod(cm) 9.8 9.22
Seed moisture (%) 11.3 11.32

P<0.05

Figure 7 Threshing loss
3.2 WANITVINITGAYFY

Table 3 Harvest residue in the field

X Y z
395 rpm 14.64 1.2 0.42
+2.61 +0.95 +0.38
330rpm 16.98 0.97 0.81
+1.83 +0.45 +0.74
F 2.41 1.12 1.22
sig. 0.16™ 0.31™ 0.30™

P<0.05, X= loss of front, Y= Loss of screening scree, Z=
Not threshing
ndeyanaren1siulnansaydevesssuuuin
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Figure 8 Loss of frist pod
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Table 4 Harvest residue in the field

a b o
66.03 26.45 7.52
395rpm
+26.60 +36.80 +33.40
71.88 21.98 6.14
330rpm
+7.72 +10.27 +14.68
F 1.87 2.13 2.90
sig. 0.21™ 0.18™ 0.12"™

P<0.05, a= Seeds not broken, b= Seed broken, C=
Impurity
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Abstract
The objective of this research was to conduct a feasibility study for a biogas power generation project at a

cassava processing plant in Khonburi District, Nakhon Ratchasima Province. The study involved processing
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wastewater from the cassava processing into biogas, which was then used as fuel for electric power generators to
produce electricity. The cassava starch plant, with a daily capacity of 200 tons of starch, generates 2,000 m® day
of wastewater. This wastewater can be processed to produce 16,800 m’ of biogas day ' and generate 28,848 kWh
day™ of electricity. The project’s lifespan is set at 20 years with a capital cost of 64,535,500 Baht and a cost of
capital of 6%. The results showed that in the fundamental case analysis, the net present value was calculated at
148,722,796.07 Baht, the rate of return within the project is 27.35%, and the payback period is 3.76 years. These
results indicate that the fundamental case analysis supports the feasibility and worthiness of the investment. Given
that cassava harvesting is seasonal and the production machinery is not available year-round, the sensitivity analysis
considered three cases: case 1 with 75% operation year', case 2 with 50% operation year', and case 3 with 25%
operation year'. The sensitivity analysis revealed that case 1 is the most attractive investment, followed by case

2. However, case 3, with only 25% of the machinery in operation, is not considered a worthwhile investment due

to a negative net present value, and the project's return cannot be assessed.

Keywords: Feasibility study, Biogas, Cassava
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13,050,000.00 Baht @' 7uv83L9 1983 50% +¥ w13
13,050,000.00 Baht 81¢lA34n15 20 years Rumyuiigy Wiy
500,000 Baht mﬁmaammqiﬂiﬂmi L“iuamuswﬂi?ﬂmqmi

Wavua WAy 64,535 500.00 Baht
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32 lpsasimsasyu

ﬂ‘U‘tJ'iSll']ﬂ.Jﬂ’TﬁﬁQV!UIﬂﬁJﬂWiNaGIIWﬁWQWﬂﬁl']“lj%']ﬂq‘w IRIN
sudszanaeu &l 1) Arneads e1a1s wazdalgnadng
3,520,000.00 Baht 2) s¥uundnfing@inin 41,865,500.00 Baht
3) szuundnlyiiin 19,150,000.00 Baht auvisdu 64,535,500.00
Baht

3.3 M9UsEanains5e918lATINg
sreanelassnisuuadu 2 dundn o Ao daunsnsiedne
1nnsthgesnyesesdnsgunsaiseneu Wy meslunie
1905 SULMOTAALADIVRITTUUNANLNW A28 Gas Engine-
Generator AU593nw13Y 9 wardndufosedrsaindldse
Tugun1susmsdanisd swUszneudae Ardremidnau Teun
HUIMNSIATINTg Wﬁﬂmuﬁmzuw%wﬁmmmuquLﬂ%maz
Fragouthzundecing Wudu lnedawrgesnu Gas Engine-
Generatior 1,958,400 Baht year” AuaTune 98 u 570,240
Baht year A11gsinwigunsaidu 4 756,013 Baht year! uaz

Andrantinaustaun 1,236,000 Baht year

3.4 msUszananITTYsuleTingg
mMsUszanansselddainennisudaliiiheniedanm
YUIAMAINITNER 1,202 kWh ildiarunsausendnaind sy
Iniiln 28,848 kwh day ! Andusied 8,654,400 kWh year™ uay
91NN3UTEINUNTTIET184lATINNITUANIN AT BTN
\n3eadng wazgunsaiszneu saufualdaneludiuresandig

winaulusumdeng o feiseazidunss Table 2

Table 2 Forecasting project revenue

316715 U aveld
nsWanlin
- USunaunswanladi 28,848.00  kWh day’
- opsalnilh 3.50 Baht kwh
- Aduduainnisuaalidih - 100,968.00  Baht day

oA duRuAUsEndale)

3.5 wan saeTIetanauunlAsingg
uwwunsiufeidudiniuanideyaidaluailiuinig

uwndsliunu eldiduteyadfalunisinnsanuaziduusunns

UsnsiulwRanisanuisasiunisidegesiviu wasu

wuInglunsenauls dead

351 mlvvelunsusms

Alt918lun1susmsians laun arldanendnau wag
Alddredeatuniesdns lnsaldaneudasdiniunnd @i
1-20) iU 3,410,900 Baht env3ud 7 8 war 16 1y
5,566,900 Baht 318azLd8aLaAIRg Table 3

Table 3 Administrative expense

SERETRnL! U120 @ Ui 8 uaz 16
Wiyt
onciule 8 uwax
16)

Al ntneu
- AnUszAuiiandnau 6,500.00 6,500.00
- Ruhuniineu 13 1,236,000.00 2,172,000.00
AU
Aldanedeariu
Lﬂ%‘laﬂfljﬂ‘i 1,958,400.00 1,958,400.00
- ﬁ’]ﬂwsﬂq%’ﬂmm%ﬁm 60,000.00 60,000.00
- ANUN593N191ANS 50,000.00 50,000.00
anui - 1,220,000.00
- AransisayuUlng 100,000.00  100,000.00
- AN nwniLAy
- anldfnedu 4
sAlgTelunIs 3,410,900.00  5,566,900.00
UIMS

352 m15B0ANE0UTIAIONUATEITNT

MsAnAdousIAIvELAS BT NTHAze1A1S Tneld IS ARA
wuULEuRse liun Andeusiavesssuunanfe 27,079,200.00
Baht §1u3u 20 years A1Ld ous1A1909A3 898 nsREnLHTA
17,235,000.00 Baht $1u71 20 years WazALd 01311901
91A15 3,344,000.00 Baht §1U2U 20 years S10azLdUALEANIAG
Table 4
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Table 4 Depreciation

Table 5 Produce electricity rate

S¥ELLIAN Ui 120 (ﬁ?fdwhﬁ’w!ﬂﬂ)
mL?‘iam’mfﬁwuwamﬁ”w 1,353,960.00
Adeusiavesszuuranlii 861,750.00
ﬁﬂLﬁauiWﬂ’]wanaWﬂﬁ 167,200.00
FuAnLdous1A7 2,382,910.00

SrETLIA Uil 120 (%aMﬁqu
1)
Snsnsudalnil Flataddalu 8,654,400
mod)
Aldente (um) 3.50

3.53 onsnmnanlni

was ospuRd Lenanlii 19 ns19danlnense § %o
Jenbacher §u JMS 416 B25 iilalp3asoudinamudiuszansnm
100% Aoiinanansudzndinasnned axiifdenisuanllii
Wiy 1,202 KWh s1unudalusyiausety 24 hr $051015wEn
Inmotu 28,848 kWh 31u3uTuyeuael 300 day $1uu
Faluevharun ol 7,200 hr wazdnsn1sua alui s 0¥

8,654,400 kWh 518azLd8nwanInd Table 5

Table 6 Pay by installments

Wusuududed (um) 30,290,400.00

v

3.5.4 959K

nsremenidonazuduussneusie Sudy 32,267,750.00
Baht (A A% 50% v8sauUszuimnisasnulasanis
66,535,500.00 Baht) $ns1menile 6% (S1s8sansurAsiaun
SamiavuinnanazswIngeuuslszmdlne sasnenide
Lﬁuﬁqﬂﬁﬁwimﬁuﬁm?{a 6%) LATIZELLIAINIINOUTITY 8
years L3 udundounand e winfu 5,088,532.61 Baht &

whﬁ’wqﬂ'“ﬂ NYALLIYALENIAY Table 6

7 ganiiug] (Um) Houd1s AUy nonide ERLL
32,267,750.00 U Uay) (Uaw) (Rusiu+nonie)

1 29,027,128.26 3,240,621.74 1,847,910.87 5,088,532.61
2 25,586,632.06 3,440,496.20 1,684,036.42 5,088,532.61
3 21,933,933.58 3,652,698.48 1,435,834.14 5,088,532.61
4 18,055,944.65 3,877,988.93 1,210,543.69 5,088,532.61
5 13,938,769.85 4,117,174.80 971,357.82 5,088,532.61
6 9,567,656.72 4,371,113.13 717,419.48 5,088,532.61
7 4,926,942.90 4,640,713.82 447,818.79 5,088,532.61
8 1,675,185.50 4,926,942.90 161,589.72 5,088,532.61
RREY 40,708,260.88

355 Uyisuga Mls-vmyu

Unydsunadutndnuanimanisanidunuveianis

fnarnlsiovanuaniuitlaUszneudieseasidenves

seliwarAldine lneli 1-5 nasauselaansinduynd

WU 17,449,657.39 Baht s18azidanuanana Table 7
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Table 7 Earnings statement

o

2|

aumls - vanu U 1-5 @avindu
NnY)

1. swlel

- Swnundiendalni (niaw) 8,654,400.00

- onsAltai (un) 3.50
IR (UM) 30,290,400.00
2. 918378 (Fuyuiuuls)

- Anlganelunisusms 3,410,900.00

- JanAunFeuazansvdodu 1,958,400.00
U8 5,369,300.00
3. saAndoNsnAn (Funuasi) 2,382,910.00

a. frlsreuvneaende uazn@ 22,538,190.00

[ule
5. d1eduduLaznondesne 5,088,532.61
316leigns 17,449,657.39

3.6 myanTzinnNeeulnvedlnsing

i eanrunisalinasandulasenistdiduluaiud
aanisalld ddadesing q Wasuwladludainadenisudn
asgualnl 1l 1suazsiesuredlasenig
WasuwUadll wsznsiiudeinandaiudvzndavinle
puggma luiausavildnaseied villsanundsgusiu
dlgndsdoanfuniosdnsnmggnia Sedmanszvusions
ARl AN e Faduialinsv 25%, 50%
WAy 75% Y09558%12a1n150A uLAs sand alui s el
donndesiuuideves firna wazame (2557) fivadeu
15279l 1009%, 75%, 50% waz 25% faeLasoseus
Fununeluiildfedauna ansudisufiouinsey
nanauwnud sinasaa lda1ouazsesuvediasinis
wadu 3 sl Toun nsdlfi 1 An 75% v8en1siiuLas o9
nanlvin 8nsinsudnlnin 6,490,800 kWh year ! a1
Aol 3.50 Baht kwh (§ns$udelnirwaslssnunan
W7 1917 otndsandiadanan) Aavdusieold
22,717,800.00 Baht year! @9naa93iui1uiduv99 aa
ana53ed (2563) fidnwseldaniedaniwlunisuanli

Wit 989U Bw U3 Uszunas 20,000,000.00 Baht year

Auniyardagtuand (NPV) iy 66,782,111.71 Baht
dnsmanauLnungluredlasinis (RR) WAy 15.95%
WATITELLIANAUY 6.74 years A0AAGBINUUTTYVDY
aAdnA (2549) fidnwiaudulldnaasegaanivos
NNTNAALDNIUDAIINTUAIULNAINUIN ORTINANDULNU
Melulasinisiewnnndduurestunu 1AsINsang 7
mmzﬁ%amu LLazswxnmﬁunﬂﬂmiLﬁu 10 years

56T 2 A 50% T8I siRwASewAnlNn Sasanns
nanlWn 4,327,200 kWh year ! 8ns1aladln 3.50 Baht
kwh?! @aidusiela 15,145200.00 Baht year! A1uaa
yaAdagiugnd (NPV) winiu -15,158,572.65 Baht 651
nanauLnuN18luredlaTinis (IRR) LMY 3.45% way
SELLIAAUYY 32.26 years

56T 3 An 25% FeenTsiiuadewanlnin Sasanns
nanlvin 2,163,600 kWh year ! 8l 3.50 Baht
kwh™! Amluseld 7,572,600.00 Baht year” duigyan
Yagduans (NPV) lavindu -97,099,257.01 Baht 8951
Hanauunun1eluredlasinig (RR) wayszegliaInIsAuny

Tdanunsaduiuld s1eazdunlanind Table 8
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Table 8 Project analysis

NIAANY NPV (Baht) IRR (%) PB (years) NANITIATIZN
ﬂia'jﬁ"ugm 148,722,796.00 27.35 3.76 Uaeu
N3 1 (75%) 66,782,111.71 15.95 6.74 Uaeu
N3 2 (50%) -15,158,572.65 3.45 32.26 Tiunasmu

NG 3 (25%) -97,099,257.01 -

- Liuramuuaglianusoussfiuanle

4 @3y
pnmsmsiaszirnudulilinmstueedasms
naaliihanfiedinmvedsinuuusgududends Tned
Fuasuvedlasansegd 64,535,500 Baht waziilelasenis
Wasnidunisazdeanldinelunisuimisvindu 3,410,900
Baht year! AianduiUAosuazansudoduminiu 1,958,400
Baht year” LLazﬂ"]ﬁﬁuﬁuﬁuLLamaﬂLﬁymﬁufi’wfﬁu
5,088,532.61 Baht year” anunsandnndsnulninansld
1,202 kWh wan1siesigrainudululanienisiiuves
TAsen1snudn nsdifugu yardagvugnsvaiy
148,722,796.00 Baht dia1u1nn118nsinanaulnunglu
lAsaN1sdAwYINaY 27.35% sreziialun1sAunuvinnu
3.76 years uanaI1lAsIN1siiNanauLnuANATluN1TRmY
donnasuanugeulmvedlasinisaneldnisauss
lesannsusgusiudUsvdiinandnuagnsiiuiieinia
ganaldlddnaenried vilinisiduiad ssdnsudalud
onarldanunsaiiuniomanldnaonind Fawanadouni
aundgu nsdld 1 danududilunisamu lnenisiiy
wSeadnsnanliin 75% nsdifl 2 Tnensiiuadesdnsnadn
I 50% snsmaneuunungluveslasinisyingu 3.45%
FasnindunuvesIunuil 6% uazasandesiuszoriian
AunuiunuAuluf 32.26 years Tnssn1sdsliithasumsy
yar1agtuandinauuazianlunisifundedliaisdes
141 75% year” (8 months year?) ins1eidugasggnisnan
wiasuduzngds dnlunsddl 3 lnensiiuedesdnsndn
il 25% lifinuAualunisasunszyarlagiuans
fraunarraneuunulasinisilannsalssduails fofu
nsdifiugnu Aensiduedosdinsudalifi faruduainig
M3RuINAIINIEBY 9 seaunAeonsiiuadesdnsudn
T lunsdid 1 HANBULNUIATINITFINTIRUNUTDITUNY

wagsvoznaAuuliuuiuly audadu
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AIdevevaunszam UTEW Wndlasy Wl e
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6 1ANA1381934
NIUNAUINAINUNALNULAZBYSNENANU. 2556. Lanans
wewnsadenisamulsdlihfedanmainiiandsaw.
Funs Wawusw, Heshi anausUsngy, Useialy Seusey
W31y, 2557, mafinwidngamnisianedaninaniy
Hunagaamnssy. 1ansIdendeany 11(1), 50-62.
fiena autd, sungm wuvivuy, Usswndud lnsuavs, na
g Wiesves, ade Suudides. 2557, szuundalii
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areLA3pguRdun1UNeluldfiediula nstlfnwIng

v
a
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Classification rice seeds using image processing combined with artificial neural network
suws vadna'*, a¥ny uenade’, 380 Tvauiamyu'
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unAnga

unarnAdeiiauenmssuunudaiusindenmsliesgiamiusunmslfuuuaeddassteUssamiiion (ANN)
Iﬂaﬁsifumuﬁﬁmnﬂmﬂ%mwLua"’mﬁuﬁ:%’nmﬂﬂNuLLaza%’NLLUUﬁi’waaﬂﬂinﬁJwaﬂizawLﬁsmwu Back propagation
algorithm Taedl input LHur1wesd 0 - 255 52y waz output \HuugH12 nv.6 uazyIAENLEE 105 Fefluuudians 2
sULUUA®D WuuTaealsn ANN-1 1 input 3 A1 A [R G B] uazuuusiassiiaed ANN-2  input 4 A1 e [R G B K] 9n¢
wuusaesiinsuuasusiuau perceptron Tudu Hidden layer 910 12 3 4 5 10 15 uaw 20 Tnsuuusiaesiildadous
agguuuutuldgninsnlddmivlunsdadulaligassuvamudauenauiumisadaiug senuiinisuuudians ANN-2
fifi§ruau perceptron Tutu Hidden layer wirifu 15 ﬁmmmmsaﬂumﬁwLmn%ﬁmﬁ’uﬁ:ﬁgﬁn N9.6 WAZUIADNULA
105 Ieigefiadosay 98 HenaaniadovesteyaignieulunaiFouiuazandivesuuudiassdil input 4 A 9zdinisuen
sULuUlRn input 3 A1 Usglemidldanawideiausaiiluimuldlunssuunmdaiusdug Tuduanunsasdae

anwagnenen sunsisevnalagliviatelaswadenmeluwiniug

AdARY - N1sUTEIRARANIN lAsseUsEaniisy 917 NU.6 919U1IMNNE 105

Abstract

This research presents the classification rice seeds using image processing combined with artificial neural
network (ANN). First, the rice seed images had been trained and synthetic of artificial neural network model with
back propagation algorithm. The input of ANN models was color value from 0 to 255 levels and the output is the
rice variety RD6 and Jasmine rice 105. Which 2 models were: the ANN-1 has 3 input values [R G B] and the second
model ANN-2 has 4 input values [R G B K]. Each model has the number of perceptrons in a hidden layer adjusted
from 1, 2, 3, 4, 5, 10, 15, and 20. The model is used to make a decision for the conveyor system to sort seeds by
true position. The results showed that the ANN-2 model with the number of perceptrons in the hidden layer equal
to 15 was suitable for classification the species of both RD6 and Jasmine rice 105, can be classification is true to
98 percent, which was due to the factor of input data into the learning and memorization of the model with 4

input values, which had better pattern separation than 3 input values. The benefits of this research can be
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developed for use in classification other seeds in agriculture based on physical characteristics, shape or size without

destroy the internal structure of the seed.

Key words: Image processing, Artificial neural network, RD-6, Jasmine rice 105
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< A ' v & v ou v
Wulszmaninisdseanduindusuiuiug waslanuay
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#1199 (N. Ferdous et al. 2018; B. Verma, 2010; C. C. Yang,
2002; Ferdous, 2018)
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Figure 1 Layout of the conveyor system
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Figure 2 A model of an artificial neural network
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Figure 3 Artitecture of artificial neural networks
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Figure 6 Color information of rice seeds.
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Table 1 Properties for training with ANN model.

Table 2 Results of training model.

F8asLen AEUANUR
Hidden layer 1
Input layer 3[R G B]and 4 [R G B Gray scale]
Output layer 2 [RD6 and Jasmine rice 105]
Perceptron 1,2 34,5 10, 15 and 20
Training fucntion Quasi-Newton (trainbfg)

Transfer function in Tan-Sigmoid (tansig)
hidden layer
Transfer function in Step function (hardlim)

output layer

Lreannig rate 0.5
ecops 1000
Network type Feed forward neural network

4. ¥adeauANgNA B tUNITTIRUNLUAANUEAINNIS
degUdanug 413 n.6 way 91unInenuzd 105 esay
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perceptron Tudu Hidden layer 910 1 Wi ulugs 20 9z
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MBE
Model Perceptron " RMSE (%) R?
1 - 21657  0.86558
2.0693
2 - 7.0868  0.88668
1.0467
3 - 46175  0.89434
0.6302
= q - 24555  0.89841
= 0.3066
Z 5 - 25193 0.89830
= 0.2544
10 - 1.8551  0.89907
0.0103
15 - 1.1490  0.89964
0.0172
20 - 0.9456  0.89976
0.0178
1 - 16830  0.82376
0.7766
2 - 6.1394  0.99061
0.3927
3 - 56965  0.99122
< 0.3283
o
ol q - 28578  0.99801
3 0.0415
z 5 - 21335  0.99886
0.0807
10 - 21547 099875
0.0422
15 00489 12234  0.99960
20 00376  0.8587  0.99980
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Figure 8 Mean bias error.
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Figure 9 Root mean square error.
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Table 3. R? for testing model by using new seed rice.

Models  perceptron  RD6  Jasmine rice 105
1 75 89
2 86 92
3 %4 92
4 90 93
ANN-1
5 96 95
10 97 96
15 97 97
20 98 97
1 83 92
2 86 92
3 87 93
a4 92 94
ANN-2
5 97 96
10 98 97
15 98 98
20 98 98
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nsWannyagUnsaluaniasurnuieutazuvasnuieuiiunlddmiunssemeuiavesnseuiuniseunsisaile
fuden senistemanuieuiugUnsaiuanivdsuanuieunuuranesinaiiil LPG Inaneluvieviiliufaifanusdu
vounadsuduloufainaituiarliifiansuaniudsunnudoutuanmuindon wasAnviunamdnunnuiou 2
wu Ao undmdsnuanufeuaindamesluinliiuih 6,000 W uasndmdsnumndouanasiiaiinderudmnga
wrlvianudeuiuih ddlunisesnuuugngunsaiuanivdsunroulidoyaifiuanniseuuisdly 24,500 ke 14UTam
i@ LPG 102 kg t¥utaan 440 min vinlviisnsinisluavesuiia LPG windu 0.00386 kg s @nusatinunmiuiumang
vienosunsld 0.30 m uazduIunzun 26 ¥ warildurgudnatseisvaMBILAS (D) Wiy 0.38 m Fevnsaiuay
Tnenslégamgiinesilugagunsaiandsuarudouwintu 50 °C wui gagunsaianidsunnufoudiundsmdany
anuauandawesliihuazunamanuanuiounnasuia ansaviliuia LPG symeldfuazannsavilioamgily
Fouuriais 4 sumis Sonmgdaiiausludeudileiaddon warannsnauaugumnimeluds (T,,) awnsoiuauld
feuarazmndefldldd uaziUisuileutussuudniduunsliuia 3,735 vin (wiinufaifldsutuiufamiedud)
szuulmififgagunsaiuanidsuanufeuilidmmesuasiaun annsoannislindsouidomasan LPG Aniudesay
15.85 wag 20.34

fdndny: yngunsaluaniudsuniuiou, vaneuns, sudileviauden

Abstract
The development of heat exchanger equipment and a heat source for gas evaporation in the longan drying

process was achieved by a heat transfer with a copper helical heat exchanger that LPG flowed inside a tube. This

Received: 31 October, 2023

Revised: 27 November, 2024

Accepted: 28 November, 2024

Available Online: 28 December, 2024 42



MsansaLALAFINssIINERsWisUsTwAlne TR 30 atu 2 (2567), 42-52

method rapidly altered the stage of LPG from liquid to gas without heat exchange with the environment. Two
types of heat sources from a 6,000 W electrical heater and from a residual gas at the bottom of LPG tank were
applied to start a burner for heating water. The heat exchanger equipment was designed based on the capacity of
longan drying of 24,500 kg with a LPG consumption of 102 kg and 440 min drying time. This resulted in a LPG flow
rate of 0.00386 kg s that was used to determine a length of copper tube with 0.30 m, 26 coils and a diameter of
the copper coil (D) of 0.38 m. A water temperature of 50 °C was applied in the heat exchanger. The study found
that the evaporation of LPG was achieved by the heat exchanger equipment with both heat sources. They resulted
in uniform internal tank temperature (T, at four positions and were user-friendly for operation. Compared to the
original system with a gas cost of 3,735 baht (including the weight of the gas used and the residual gas in the tank),
the developed heat exchanger with two types of heat sources—a heater and a burner—reduces LPG fuel

consumption by 15.85% and 20.34%, respectively.

Keywords: Heat exchanger equipment, Copper coil, Longan drying
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Figure 4 Workflow and conditions for a heat exchanger system.
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Table 1 Side of heat transfer coefficients. (ASHRAE, 1997)

description

Equation

Inside heat transfer coefficients;

Dittus and Boelter

Outside heat transfer coefficients;

Mcadams

where

Nu = 0.023ReD"°Pr"
n = 0.3 for refrigerant being cooled
n = 0.4 for refrigerant being heated
ho = 0.79F[he/(ND,AT,)]

Flz[(K3P2g)/u]1/4
L

D™ r(n-1)
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Figure 5 Thermocouple.
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Figure 8 Heat exchanger control system.
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Figure 9 Temperature and presure measurement

position in the drying oven of the new system.

34 MIARANTUYOTINgUN YIS MTUTOULIT

TN

m’:tﬁmé‘?@Lsaulfaa%i'mqmmﬁLﬁaLLammamaw’hqmmﬁ
lvigeu Fruuteduy 4 Un (T, T, T, wae T,) W ovNaTes
AR wuansiumgeU f Figure 10 LileAuazaIN
lun1svihuveminau Tun1snsiraeugun)isening
W91y wazudnswatiunuufinea awisanssiuluy

sveglnala

Figure 10 Installation and display of temperature

values in the drying oven.

48

4 Wawarlansel

4.1 HaNIINAANAUNITIENANIUTINEIUUULHY
ASAURaNITNAaRINITauRIan e Uden 24,500
ke fnslaUsunauia 102 kg Tdanluniseunsis 440 min

wafldannsiivaauiuarAgamgiluginiaidia |

P1 P2

120

100

80

60

Presure (b in?)

40

20

0 60 120 180 240 300 360 420

time (min)
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Figure 12 Temperatures in the drying oven of the

original system.
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Figure 13 Comparison of gas and water temperatures

using a heater.
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Figure 14 Comparison of inlet and outlet gas pressures

using a heater.
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Figure 15 Temperatures in the drying oven when using

a heater.
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Figure 17 Temperatures in the drying oven when using

a buner.
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Figure 18 Comparison of the average temperature in

the original, heater, and burner systems.
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Abstract

The purpose of this research was to test the ability to reduce the temperature and increase the relative
humidity in a greenhouse equipped with an evaporative cooling pad system. By collecting the temperature and
relative humidity inside the greenhouse using the evaporative cooling system (EC) and the fan ventilation system
or the Non-evaporative cooling pad system (NEC) with temperature and humidity sensors from 8:00 a.m. to

5:00 p.m. 4 days, divided into 2-day EC system and 2-day NEC system. The test results show that the EC system
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can reduce the average daily temperature to 5-8°Cona relatively cool day. The mean house temperature and
relative humidity were 18° C and 78%, respectively. The average daily house temperature and relative humidity
were 28°C and 85%, respectively. It can be seen that houses equipped with evaporative cooling systems can

control the temperature suitable for growing plants that require temperatures in the range of 15-30° C, but the

relative humidity is still above average for plants need. Therefore, this greenhouse, if wanting to grow plants, will

have to develop a system to control the relative humidity to suit the needs of plants in the future.

Keywords: Greenhouse, Evaporative cooling pad system, Temperature and relative humidity
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Figure 6 Temperature EC 10/02/2023.
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Figure 7 Relative humidity NEC 29/01/2023.
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Figure 8 Relative humidity NEC 06/02/2023.
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Figure 11 Cooling Efficiency.
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Figure 12 Water consumption.
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