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Effect of Concave Sieve Type and Drum Speed on Performance of Inca Peanut Shelling Unit
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Abstract

This project aimed to find out proper operating factors of rasp bar threshing drum Inca peanuts shelling unit.
There are three concave sieve types inclulding round-hold sieve, square-hold sieve, and steel-bar sieve and three
drum speeds 130, 165 and 200 rpm. Performance was evaluated from whole kernel, damaged kernel, un-shelled
nuts percentage and output capacity. The results suggested that concave sieve type and drum speed significantly
impact all indicators. The round hole concave sieve with drum speeds of 130-165 rpm are suitable operating factors
of the shelling unit, providing nuts percentage, broken nut, Un-shelled nuts, and capacity about 83.55-89.27%,
1.88-10.10%, 6.35-8.85%, and 73.41-74.45 kg h', respectively.

Keywords: Inca peanut, Shelling unit, Rasp bar threshing drum
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Figure 1 Inca peanut.
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Figure 2 The Inca peanut sheller machine.

Figure 3 The Rasp bar threshing drum.
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Figure 4 The round-hold sieve
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Figure 5 The square-hold sieve.
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Figure 6 The steel-bar sieve.
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Table 1 Experimental units based on a 3*3 Factorial
analysis in CRD design for the variables concave sieve

types and drum speeds.

No. Ref. Concave sieve types Drum speeds (rpm)
1 2 Round-hold sieve 165
2 1 Square-hold sieve 130
3 1 Steel-bar sieve 200
4 3 Steel-bar sieve 130
5 2 Square-hold sieve 130
6 3 Square-hold sieve 200
7 1 Round-hold sieve 200
8 3 Round-hold sieve 130
9 1 Steel-bar sieve 165
10 2 Square-hold sieve 165
11 1 Round-hold sieve 130
12 2 Steel-bar sieve 200
13 2 Steel-bar sieve 165
14 3 Square-hold sieve 130
15 1 Steel-bar sieve 130
16 1 Round-hold sieve 165
17 2 Steel-bar sieve 130
18 3 Square-hold sieve 165
19 3 Round-hold sieve 165
20 3 Steel-bar sieve 200
21 2 Round-hold sieve 130
22 1 Square-hold sieve 165
23 2 Square-hold sieve 200
24 3 Steel-bar sieve 165
25 3 Round-hold sieve 200
26 2 Round-hold sieve 200
27 1 Square-hold sieve 200
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Figure 7. a) Inca peanut seed b) Damaged Inca peanut

) Inca peanut pod.
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Table 2 Analysis of variance of concave sieve types and

drum speeds on percentage of whole kernel.

SOV df SS MS F

Concave sieve 2 14436418 7218209 474451

type (A)

Drum speed (B) 2 1897.014 948507  62.341
AxB [ 177.851 44.463 2.923™
Error 1 273.849 15.214

8
Total 2 85215.315
6

Note: * Significant (p<0.05), ns Non-Significant.

910 Table 3 wansmsienginaSouifisuaadeves
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yhlAiedidudwdaduunndnaiu Inefinanusignnzimy
130 rpm e fidudindaiduiaruiniian waznnsld
nzunsagnawiliiesidudiudndusidnnniiqn 89.27%
09AuNADALUNTITAWMALL 47.13% UATAZILNTIUOUIMEN
44.20% sudy wagilernuiignnemeistuiingsii
THefidudmdnduiiuuliuanas Ssaenndesiunuide
o9 aigwa wazAe (2562) Fednvazandaniiduaniid
Waenvanetu agiiuldhmaiiuardgnnsmadunis
duusauazdnuadilunisied feanisieifsuanss
Aldagshliadainnisunninundudssarilfvefidud
waafuiuwiltuanas (Fig. 8)

Table 3 The percentage of whole kernel at three
different concave sieve type and three different drum
speed.

Concave drum speed (rpm)
sieve type 130 165 200
Round-hold  89.27%+1.66  83.55%%+2.09  75.12%+1.66

sieve

Square-hold ~ 47.13*+7.74  41.68%+2.87  26.98+5.27
sieve
Steel-bar

sieve

44.20%+4.22  28.13%+3.23  17.04°+1.70

Note: Values in each colume followed by the same
letter in capital and in each row followed as the same
letter in small letters are not significantly different at p
< 0.05 according to DMRT. All data were reported as

mean standard deviation (n=3).
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—@—Round-hold sieve —- Square-hold sieve

—==— Steel-bar sieve

Figure 8. Effact of concave sieve types and drum speeds

on percentage of whole kernel.
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Table 4 Analysis of variance of concave sieve types and

drum speeds on percentage of damaged kernel.

SOV df SS MS F

Concave sieve 2 11347468 5673.734  1061.350°

type (A)

Drum speed (B) 2 3660.818  1830.409  342.403
AxB 4 638.341 159.585 29.853"
Error 18 96.224 5.346
Total 26 49932.384

Note: * Significant (p<0.05).
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Table 5 The percentage of damaged kernel at three

different concave sieve type and three different drum

speed.

concave drum speed (rpm)

sieve 130 165 200
type

Round-hold  1.88<+1.13  10.10%+1.14  19.10+0.96
sieve

Square- 11.90°42.6  39.33%+1.44  56.22%+1.07
hold sieve 5

Steel-bar  47.64%+3.1  62.97%+2.39  71.11%+4.27
sieve 6

Note: Values in each colume followed by the same
letter in capital and in each row followed as the same
letter in small letters are not significantly different at p
< 0.05 according to DMRT. All data were reported as
mean standard deviation (n=3).
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Figure 9. Effact of concave sieve types and drum speeds

on percentage of damaged kernel.
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Table 6 Analysis of variance of concave sieve types and

drum speeds on percentage of un-shelled nuts.

SOV df SS MS F

Concave sieve 2 1819.746 909.873 69.909"

type (A)

Drum speed (B) 2 372.644 186.322  14.316"
AxB 4 737903 184476  14.174°
Error 18 234271 13.015
Total 26  8511.868

Note: * Significant (p<0.05).

910 Table 7 uansmsisesinaSsuifiouradees
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sziiuldiinsifiuanuiignnzimzifunsifiuusas
Sruauesdlunsiind femaaffusuasshliadagn
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10)

Table 7 The percentage of un-shelled nuts at three
different concave sieve type and three different drum

speed.
Concave sieve Drum speed (rpm)
type 130 165 200
Round-hold 8.85°°+1.90  6.35%+297  5.78%+1.50
sieve
Square-hold  40.96*+6.43  18.97%+226  16.81%+6.32
sieve
Steel-bar sieve  8.16°6+1.62  10.90°+0.88  11.86™+3.57

Note: Values in each colume followed by the same
letter in capital and in each row followed as the same
letter in small letters are not significantly different at p
< 0.05 according to DMRT. All data were reported as

mean standard deviation (n=3).
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Figure 10. Effect of concave sieve types and drum

speeds on percentage of un-shelled nuts.
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Table 8 Analysis of variance of concave sieve type and
drum speed on the capacity (kg h™).

SOV df SS MS F

Concave sieve 2 2934.618 1467309  72.627

type (A)

Drum speed (B) 2 336.792 168.396 8.335"
AxB 236.039 59.010 2.921™
Error 18 363.660 20.203
Total 26  105015.126

Note: * Significant (p<0.05), ns Non-Significant.

910 Table 9 uansmsAnEsinaSsuITisuAaAETes
AMNAT0TUNTTINNY WU JURUUTATLATINEINIY
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ATUNTILAUMAN 62.72% FennsldnzunsegAivdsuuay
arunssaumanlifiaausiednadunisada waziile

anuidignnamsistuinariliauannsalunisie
fuualdufindu (Fig. 11) Fedenndesiuiuidones
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waziSTude

Table 9 The capacity (kg h™) at three different concave
sieve type and three different drum speed.

concave drum speed (rpm)
sieve type 130 165 200
Round-hold  73.41%8+1.82  74.45%®+108  79.90+4.38
sieve
Square- 54.75°8+348  53.80°+4.99  65.39"+2.58
hold sieve
Steel-bar 54.68°%+5.78  51.75°+8.27  62.72°+357
sieve

Note: Values in each colume followed by the same
letter in capital and in each row followed as the same
letter in small letters are not significantly different at p
< 0.05 according to DMRT. All data were reported as

mean standard deviation (n=3).
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Figure 11. Effact of concave sieve types and drum
speeds on percentage of capacity (kg h™).
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Abstract

Design and fabrication of the indoor aeroponics cultivation systems with artificial light has an objective to
respond to the needs of people who are living in urban areas which are limited space. It has been developed to
be lightweight, inexpensive, efficacy enough and control the cultivation systems with a smartphone. The process
has consisted of 1) design and fabrication of the indoor aeroponics cultivation systems with artificial light and, 2)
the efficacy testing was done by comparing it with the commercial DRFT cultivation systems with artificial light.
The efficacy testing was lying out in the T-test and done by sowing the seed of kale for 7 days and then transfers
the seedling to both types of cultivation systems for 42 days. The growth of kale was observed and collected to
determine the fresh weight, dry weight, and root length of each stem. For the design and fabrication process, the

indoor aeroponics cultivation system with artificial light has nine planting channels with six kilograms overall weight,
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can be controlled with a smartphone, and fabrication cost is about Baht 2,000. For the efficacy testing, it was found
that the kale grown on the indoor aeroponics cultivation systems with artificial light had fresh weight, dry weight,
and root length as 269.67+5.11 gram, 13.48+0.25 gram, and 55.88+2.82 centimeter respectively. While, the kale
that grown on the commercial DRFT cultivation systems with artificial light had fresh weight, dry weight, and root
length as 276.30+6.15 gram, 13.83+0.16 gram, and 38.81+1.15 centimeter respectively. The kale that grown on
both cultivation systems has shown no significant difference in fresh weight and dry weight. However, there was a
significant difference at a 99% confidence level in root length. The kale that grown on the indoor aeroponics

cultivation systems with artificial lisht had longer roots than the kale that grown on the commercial DRFT cultivation

systems with artificial light.

Keywords: Indoor cultivation systems, Aeroponics, Indoor cultivation systems with artificial light
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Figure 1 The indoor aeroponics cultivation systems

model.
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Figure 2 Indoor aeroponics cultivation systems structure

assembled.

Figure 3 Water spray system structure assembled.
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Figure 4 Artificial lighting system structure assembled.
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Figure 5 Block diagram.
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Table 1 Diapharm pump testing.

Day pump opened pump closed
1 1.0133+0.00882 4.0200+.0.00577
7 1.0167+0.00333 4.0133+0.00333
14 1.0167+0.00333 4.0200+0.00577

21 1.0167+0.00333 4.0200+0.00000
28 1.0133+0.00333 4.0167+0.01155
35 1.0133+0.00333 4.0233+.001155
42 1.0200+0.00577 4.0267+0.00577
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Table 2 Fresh weight, dry weight, and root lenght of Kale

grown on two cultivation systems.

Treatment Fresh Dry Root
Weight Weight Length
(g +S.E.) (g +S.E) (cm+S.E)
Aeroponics  269.67+£5.11 13.48+0.25 51.26+2.38
DFRT 276.30£6.15 13.83£0.16 38.81+1.15
ns ns x*
p-value 0.431 0.435 0.01

ns = not significant at p<0.05
* = p<0.01
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Figure 6 The growth of Kale on two cultivation systems
for 42 days (A) Aeroponics (B) DRFT.
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Abstract

The objecttive of this research aims to develop the walking mower with cordless electric driving system to
reduce the workload of the operator. This mower consists of 5 main parts are 1) power source from a DC motor
2) gear reducer and transmission chain 3) spiral clutch and control lever 4) rear wheel and adjustable front wheel
for adjust the cutting hight 5) engine to drive cutting blade with 50 cm cutting width. The test conditions with blade
rotating speed were 1500, 2000 and 2500 rpm. The experiment was tested at field grass and orchards, respectivey.
The results showed that the optimum condition of rotating speed of engine was 2500 rpm in both field grass and
orchard. The moving speed of the mower were 2.64 and 1.78 km h™, respectivey. The electric consumption was
0.70 and 1.58 kWh rai”, respectivey. The fuel consumption rate was 1.10 and 1.49 L rai”, respectivey. The working
capacity of this mower were 0.68 and 0.46 rai h™, respectively. The result found that the walking lawn mower of
cordless electric driving system reduced operating work and help operator pushing machine. This mower reduced
cost of cutting grass in the orchard. The spiral clutch made the mower easy turning. Therefore, it can reduce the

workload of the operator as well

Keywords: Walking mower, Cordless electric driving system, Spiral clutch
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Figure 1 Walking mower with cordless electric driving
system. 1) power system 2) transmission system 3) spiral
clutch 4) wheel and leveler 5) engine mower and grass
cutting blade.

Figure 3 Transmission system a) gear reducer b) chain
and sprocket.
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Figure 5 Wheel a) rear wheel b) front wheel and

level adjustable.

AN .
e

—
e\

Figure 7 a) cutting at filed grass b) cutting at orchard.
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3 wWawalansal

31 WanIsMAaauNITARVgIveAT aedang T unIY
Tundoudagniilsme

nn1sduiuauruLiuvesiuiivluwUamageu
aunuvigh waglumuwalsiuuvenies Sanumuiuiuee
968 plant m? Tnedrulngjaziungmuing® wagng
Aun ﬁmmgqé'?uwi 20 - 50 cm wag 1114 plant m” lag
drulugjaziungr@unt nangide waznguaifnge i
mmqaéﬁu’um 20 - 60 cm A1UF1AU 911 Table 1 WU
anaduaseseuddmiutulufindangfl 2500 rpm A3es
Fanginiunuduindeudislniilians aunsarhauda
el dATan iszdandhunlfieuiosaiauodian i
MsfntuauILTgN Lagaunaliluuenies wanmsseu
\3essudlunsinluauumgfimszaniian Ao 2000
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rpm tesannisldnnugiseuiniesaudi 2500 rpm g
wlraudosildiedundsnudemadunisiaunn
Auausndu eddusgfuannufisnelovesnuas
HU IR
32 wanIadevAINaINITalUNITIIUselTYeAT oY
gavanFunusuindaudaelnitlsae
NNHAMINAFEUNMTINNUTRTgnveaT asdinma 1Ay
aunaeliinlSaeluauiung wagluaiunalduuvenses
fideulvanusiseuvensdedsud 2500 rpm danuidinig
\nAeud Ao 2.64 uaz 1.78 km h' mudrdu efiansan
WIBULTIBUNANISNAGOUNINEDRA WUIIAIAIULSINTS
wasudifauwsnsnstuiuuiidedfy nsnadeuluaui
Duituitseurildansaldanualed wazamnsausu
ﬂ’J’]ﬂJZJJSUENLﬂ%lEJﬁﬁm‘lﬁiﬁﬂﬁa’IﬂJWiﬂﬁﬂﬁﬁiﬁﬁlﬁgmﬂﬂﬂ’j”lﬂﬁ
naaevluaiunaliLuvenses uaziilesnnulameaeuly
aunaliiiuvenseaduiiuiifionnsdonisvhauyinlinisld
mnudalumsiaulddnas udfaansavenlds ndou
anunsadameiifags uazdanumunuiuled
nan1saaeUsns N1l dmsumsndeuiivessa
snngausunuulnilSansTuauung wazluaiunalsd
wuvenses fideuluarusisouveaadessus 2500 rpm
Ao 070 war 1.58 kWhrai' aaugasu iefianswn
Wisullgunanisnadeun1eain onsinsiglniisels 4
mnuuansiuwuuiteddy sasnslditudenas de
0.71 waz 1.36 L rai’* anugddiu wlefinnsa3euiieuna
nsnndeuneadn wuinsnsimsldiudemas fan
uanansiusuulufidedfy nan1smageuauaiunsaly
n13719unels Ae 0.68 way 0.46 rai h' mrud sy iile
NI1TUNYUTIULTNBURNANITNAGBUNIIEDR WUID
AnuaNtsaluntsiiaudslsinnuuanatsiuiuulaud
fuddey (Table 2) WawSeuiiauiuiniosiang uiunn
WUUSTUUASTEIn1sTuindeuanninseseus fiflvune nis
117 cm 817 210 cm g4 116 cm Fedlsguuiiefdaiage
wanedu Haualng warildmitnun ieuldaded
A Insiadoudigegadl 1.039 km h anansavhenlald
qaqmﬁ' 038 rai h (ASeud, 2552) WIsuiflsuiuiAIesin
ngtuiiainden dwindicdunsdangr 40 cm anuisa
nsindeud 2.88 km h' fauanuisalunisvianuais
0.46 rai h* finuidaseu 1500 rpm Tl 2557 (Nkakini
and Yabefa, 2014) wuinasesiava iiunuduadousae
Tinl3aned foumdnniwazawnsaviauléiniiuas
deFeuiiisuiu sadavgndsduing nsldiaiesiavah
WUUWRES W3eseud 4 Same 3.5 hp Wuduids nihnta
M8 42 cm annsaviauldiade 0.24 rai h (hunfsyan
A5 waLAMY, 2563) Viﬁ%’ﬂﬁiumimmuLﬂwﬁaﬁﬁmiums

My wagliausadesauliviauluaiunalduuvensedla
lesannisiauluaiunaldvuvensesiinnusdui
inumsnsfesmunuAesiavailuszerlndognasanaly
A15V9U

33 wanIsAIINmIA 98 veuns o ssa g uGun I
Tundoudae il i

wansAmalidesolslumsvhauiinfigauesaies
Fangaunuduindeudielniildaeluauiumd waz
arunaliuuuenses fideulumnusisevveadossud
2500 rpm fianlganesauaels Ao 25.66 way 34.37 baht
rai! anudy WefinsaSsudisunansadeunnsadi
wuinaTldeTusiels Tunsiangluawndissiuanu
SOULATDIBUS 2500 rpm qam'wmﬂ%’mmﬁaiamﬂ%wuﬁ
2000 way 1500 rpm a8 19dded1Ayneaia egrelsnniu
Alda1esamselsluntsdanglualunalduuuensesues
nsldaudaseuinsesuding 3 seaulfinuuandneiu
pgsidedAgyneans nrsdnluaiunaliuuvenses
guassalunsvheunn Wy anwituialunisiedeudls
diiaue Nt vwavestesday ikl sinves
suliifusiuauann msldaruidiseuvenadessuddmiu
Fuluiiadavigigs axlinunwlunsdangilddninnisly
A58 UTIRT N1sRRfIEAIIEIToUTB AT RIS
dmsudulufindangialuuneedeldanunsasiafuiials
1ale

dlefmnsanalnihssuuiuindouvenadesdang an
msvhenluaiuralfiuuvenses w3sseudfinnnuiiseu
2500 wag 2000 rpm Yu Uszndnnianisldainuiaseu
\3e38ud 1500 rpm eeafltfudAaynisadn fisnsn 1.06,
1.05 uag 1.08 baht rai’ auaneu nfiansananaleiny
AT IanasnuegldlidudAynieads Al
1nANSsevvedaiassuddmiuiuludiafangiigs
annsandeudildlindmszamsodatuialiualaini
wazAhiudemadinalunisandrldsemnnniidalin
(Table 3)

34 NANITIATISTUALUTHTUNATUATYTAITN S IAINTIU

PMNEaN Tz dasugaaniiainsy InofAnd
salunisadnaiasdanguiunuduindeudaglniinly
a1 21,800 Baht (Table 4) l¢¥umsuszifiuanguanieio
Fanef1 (Table 1) 91gnslauvosnIosdanaduiunim
Fupdeusglniiildans fnsand 10 year lnenisusaiiiv
Sasmenide 10% fndewsian 1962 Baht year Ay
Aldanonsivesunuasl 3161 Baht year’ 99nn1snadey
Al 1 au anansavieuluauuvguayluaiunalivuven
309 0.68 waz 0.46 rai h"' MUY SATINITLINAIY
Ti#h 0.70 waz 1.58 kw h' muddiu dnsansldiiu
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Wouwds 1.10 uaz 1.49 L rai' augnstu Andnliihdevae
fimireay 5 Bath Arthsuansay 30 Baht ¥inowuay 8 h
Uaz 300 day Ard1ausseulunissuinsdnng1iuas 300
Baht #38t711U 90,000 Baht year" A1lW#1 5,712 uag
8,722 Baht year a1uaiau A3 53,856 Lay 49,349
Baht year” anugdiu Antduanldinedunusniasuyuiv
wus 153,408 wag 151,911 Baht year' m1uga16u ety
ﬁunusamaal,ﬂ%"aqﬁ"lwm 156,569 Wag 155,072 Baht

year! mug1du diadesfngAunuduindeusielnd
Banpiilusuiranaudangh mmualiasuindunisdn
a1 220 wag 300 Baht rai’ muaau azlaaildangluns
Hia3e9 512 uay 507 Bath day” mud1dy szaztanAumu
41 uaz 46 day MUY LazARNMUBLT 30 WAy 19.5 rai
year’ @uaeu

Table 1 Grass cutting efficiency of walking lawn mower cordless electric driving system.

(Grass cutting efficiency)

Test Area Engine speed (rpm)
Result 1 Result 1 Result 1
1500 1 2 2
Field Grass 2000 2 3 3
2500 3 3 3
1500 1 2 1
Raised Orchards 2000 2 3 2
2500 3 3 3
Note: level 1 not cut; level 2 rouhty cut; level 3 clean cut
Table 2 Ability to work of cordless electric driiving system for walking mower.
Parameter (unit)
Test Area Engine speed (rpm) Movement Ability to Fuel Electricity
speed Work consumption consumption
(km h™) (rai h™) (L rai) (KWh rai™)
1500 2.02+0.12° 0.52+0.03° 0.71+0.12° 1.15+0.15°
Field Grass 2000 2.18+0.07° 0.56+0.02° 0.84+0.11° 1.01+0.07°
2500 2.64:0.12° 0.68+0.03" 1.10£0.11° 0.70+0.06°
1500 1.23+0.07° 0.32+0.02° 1.36+0.20° 3.34+0.28°
Raised Orchards 2000 1.42+0.09° 0.37+0.03° 1.42+0.11° 2.41+0.31°
2500 1.78+0.13° 0.46+0.04" 1.49+0.30° 1.58+0.23°

Note: Difference lowercase superscripts in the same column are significantly difference (p<0.05) by Ducan's multiple

range test

Table 3 Cost of cordless electric driving system for walking mower.

Parameter (unit)

Test Area Engine speed (rpm) Fuel cost Electricity cost Total cost
(baht rai™) (baht rai™) (L rai’)

1500 16+2.31° 1.00+0.01° 16.93+2.51°

Field Grass 2000 19+2.89° 1.04+0.01° 19.86+2.50°
2500 25+2.31° 1.04+0.015" 25.66+2.50°

1500 30+4.50° 1.08+0.02" 31.49+4.32°

Raised Orchards 2000 32+2.89° 1.05+0.02%° 32.90+2.52°
2500 33+6.66° 1.06+0.01° 34.37+6.63°

Note: Difference lowercase superscripts in the same column and are significantly difference (p<0.05) by

Ducan'smulttiple range test
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Table 4 Cost of making a prototype cordless electric walk-behind mower.

ltem Cost (Baht)
Lawn mower frame and engine 13,000
Two 12 V 10 Ah dry batteries 1,300
24V electric motor 850
Two 13 inch rubber wheels 700
Two 8 inch rubber wheels 600
Two wheels axle 600
Motor speed control 250
Transmission chain sprocket and spiral clutch 3,000
Other expenses 1,500
ToTal 21,800
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Tusunsuibanoinaoulna Audnvazlanzronansilinugs 210 cm mun$1e 80 cm AmEM 100 cm wtin 75
kg ATueluin 10 cm uasdiszezdngngugean 30 cm vinelnedlensodnd DC 24 Volt 2 kw wurArILR 001 m? fu
nsvvengulansednduuuaninig vuaduEIuANINate 2.54 cm §1UIU 2 NSEUBN AEERIIN1TIvG 0.1383 m’ s 4l
AuSINsEuengu 4.2 ms* 14 PLC 1ugunsalniugunsinnuvesszuy inisnaaeuiuugni1a 100 nuts wuind
anuansalunsUaniudenuzniioede 10.68 s nut” fidianuannsavesieads 336 nuts h' fiudenuzninde
faledetiesnin 20 % UszAvdraveuniedlnssin 96.75 % lnuflandunudl 79.6 h year! warilszozinanAunuves
\n3esdns?l 1.6 1fiou
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ANENALY : UENT, \w3nsUen, lenseand, Aedalus
Abstract

This research aims to create and evaluate the performance of a semi-automatic coconut dehusking machine
controlled by a Programmable Logic Controller (PLC). The machine-specific features are height 210 cm Width 80 cm,
Length, 100 cm, Weight 75 kg, Blade length 10 cm, and maximum stroke cylinder 30 cm Hydraulic system (DC 24 Volt
2 kw and 0.010 m” tank capacity) was used as power unit to drive 2 double-acting cylinders of 2.54 cm diameter with
a flow rate of 0.1383 m3 s and speed of 4.2 m s PLC was selected to controlled the device in this system. Test
results with 100 nuts coconuts sample found that the dehusking time is 10.68 s nut”, operating capacity is 336 nut h™
the husk remained on nut is less than 20% and Overall Equipment Effectiveness (OEE) is 96.75% The break-even point

period is 79.6 h year" when operate at 1.6 months.

Keywords: Coconut, Dehusking machine, Hydraulic, Semi-Automatic
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AufeIsTiisINTY LLa%IE)ﬂ’]ﬁWNﬁjﬁﬁ]ﬁLﬁﬂ‘%u RREER
fuwnAnfiazdeliinunsnsiivgnuenin uaggsznounisd]
FnenmilunsdudugsiauasifisTeaunsalunsuvsdu Ty
mIanszeznalumMusIy Wenwdenuen) uazanailding
Tun1svuds Taudsananuidsdunsujdinu esdae
HagtunsueniUdenueninn dnansléussnuauuas
1A3099ns Tnslaniziadesdnsfidnsldedrsunguaisly
ety Wuefesiiliduidnnuamesliidusdundou
1A305ens warmsdeindaduuuule wazaenu dereuti
SupsesefuitRnu Tngisnsuendenusniniuiidus
msldirsenjuussiililfinsosiuinds (SDS et al 2016) ¢
asraedesUoniionuzndnlagllldiesosdnsdiufids Fadl
ANaansalunsueniudenugninale 105 nuts h' uagdl
n1siuadesdnsundusuiidslag (Yohanes, 2016) 1é
MnsaEnwIsnisUendenugniniensiduemes i
GFJ"UQﬂﬂgﬂuﬁm‘v‘hma‘damﬂﬁaﬂmwé"niﬁlﬁmmmmﬁmmi
YBIGNAINILNANNIS Quality Function Deployment (QFD)
Faedesenanunsavildmuamnudesnis NN NARINET?
{ideldAnudedeidnadomsaiiardemuindnuarlunis
Yonwdonuzninn sududeddusediseanlunisdendon
Feazdnvanussildlumsuonidonadld wasdisanddua
mainduleiifvomendn @ooy uay Ardnwel, 2562) G
Jaguiimsaraniosenidenuzninlagedendnnis
vhaudensvuvesgagnnadludiaveniudonuznin g
nyukazAndenuenineeniagaiunsavinnisueniuien
1ensNlA 16 nuts s WunTanl wazan, 2562) Wasuianns
Uamﬂﬁaﬂﬁwgﬂﬂgﬂuﬁm (Nwankwaojike et al. 2012) &
gnansavendenugninile 79 nuts b wagilusgdnsnn
198w 93.45 % FananisnadeuiinilndiAsetuiuves
(Jibin and Rajesh, 2012) fignu sadeniUdenuzndigae
\AsosaniUdenuuugnnadluiin 120-150 nuts b uazan
ANsNegEaU (Nijaguna, 1988) \A3esdnsaunsaveniUden
wgnd1lg 250 nuts b TnewUSeudisusuauiifinnudungy
Tumsdenlaeanunsadendenuzndldifios 75 nuts h' &
mnFeudioutuds wisdnsiieuansaneuaues oy
#osmslumsveniudenueni1aidmi Tastagiusinisiam
Fnsusnildenuznin arenisiisyuulensedndidnunly
Tunrsvanlden Tay (W9ma, 2535) taviinisusnilden
uzndseszuulesednd Wnanlunisuen 22.2 s nut® 3s
MNNNaNSANasaUsUenldin Iesesdnstuansainey
IFduaniunm wasedoseniudonuzniniudaduiidesns
YDINIMDAAMNTTUVUIALAN ﬁﬁwmmﬂﬁgﬂmw%’]ﬂm%a
gAEMNTIY UazfimamsianniaiesUsniudenuznily
awrrldussuusalufd Weliaunsalsnidenuzndnls
nnvwn (Dany, 2017)
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Al gUsrasifleatns wasUssiliuaussaugms
vhauvesaiesUonildenuzninfdnlusifaiuause
Tusunsuiuidaasinaaulnga (Programmable Logic
Control, PLC) 52ufian1sUseifiumaasugatans ey
Usslonflumsdnaulaamu uasifisssavsamlunsiu
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21 NIIANWIANTANINNIENIN bazduUANINNaYaY
SN
AnwraniRa1eumgnIINaLn Neniung) Alleny

q
a

nadaud 11 weuduld (unw. 18-2554) Tnsnauznd1ndl
Snvar windu 5 Fuie (1) Exocarp/Epicarp, (2)
Mesocarp, (3) Endocarp, (4) Endosperm, (5) Embryo. (Fig.
1) (Victor, 2013) Tkangn31131u71 100 nuts ¥rd1vinig
TUUALEUHIUANENANY UATAIINGIVDINENTIT NOULAE
nasUaniUden LagdnvuInInzaIleni1i Aelaudn
ALY wAZINNISANEIANTRNIINaveLSINATEluANS
nziUdenuznd 1 faewesas Universal Testing Machine e
FWnsnanuuiievaind lagliinawuuiluy vu1n 10 mm
AUEINSAAASA 100 mm min” nudAeasveusng
farursatanzidenuendialed #e1533 kg cm?
(Terdwongworakul, 2009) (Fig. 2)

@) (b)
Figure 1 a) Dimension of coconut fruit and b) Layers of

the coconut fruit.

Figure 2 Quasi-static compression test by Universal

Testing Machine.
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22 mmHanieclenidenuewinonluiniuaudae
Wsunsusnidaneinaeulnsa
asamewmannindndnsavuin 50 x 50 ¥u1 2.5 mm
guiailug 21100319 80 cm AI11E17 100 cm wazd
AU 210 cm

Figure 3 The components of prototype machine.

31NN1seBNLUULAYaS1AToIUaNUABNNENT 17
Anludfnuaumelusunsuuidaaeinaeulnsa ddeya

°

UN1ZVDIATOIAG Table 1

Table 1 Specifications of the coconut dehusking

machine.
Dimension

Width 80 cm
Length 100 cm
Height 210 cm
Weight 75 kg
Blade length 10 cm
Stroke cylinder 30 cm

221  dwUssnauuasuannIsiNIy
in3eadenidonuzninasmluifniuguielusunsy
widanednaeulnsa Jdruuseneunisyiauiiddyie
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(5) Uaw (6) MILIATMUANMIIINUYDURTEA (Fig. 4)
D*xm

A== (1)

Tnei

A = Mufinthdnvesgngu (cm?)

D = wusurudnansvegngu (cm)
AINEIVRIGNGY

= 2

Tnen
V = A§3983angu (m min)
Q = dnsnstnavesndiuiilvadigngu (L min™)

£ 20MT
24VIC Ne4
[ru PN f
{Pm
19 ADIRESS W
24VIC 85
PB POWER PUMP X000 .
sl
PB FOOT START X001
P8 EMG 2 T
Xooz
SELECTOR UP Xoo4 '
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X006
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o f———o0
xn
(@)
EX_20MT
24VDC W24
v | |
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] oM
o
POVER P DN Y000 B -of—gf

Ne4 COML

£Y LOVER DOWN w0l @ -ehe———

N4 Com2
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-
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n
VALVE CONTROL U3 = ofpo—fi
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Figure 4 Ladder Diagram a) Input b) Output.
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Table 2 Variable to control using Ladder language with

PLC program.

Category Variable Command

Input X000 Start signal to YO00
X001 Foot-pedal command system
X002 Order cylinder 1 working send
a signal to Y001
X004 Order cylinder 2 working send
a signal to Y002
X005 Open valve send signal to
Y003
X007 Automatic on-off system send
Output signals to Y004 and Y005
Y000 Hydraulic pump starts
Y001 Cylinder 1 moves down
Y002 Cylinder 2 moves upwards
Y003 Oil flow back to tank
Y004 Open oil tank
Y005 Working valve control unit

222 #aeegruzniraildlunisnageu
yhmeaeuiuNznIuvazLn engmsiiutielsl
Weunin 11 e lagvinisAngnuznindlunimeaauain
A13E9 20-30 cm 919U 100 nuts inn1snageulen
Wasnuzndamie3snisnasiu uuuseiiies nadaunaz
tuiinfoyalaefaiaedowiuuuy

223 NI5AATISIANYALNNNILNTNYIGNUENTIIUAL
aaruarusalunisiieruvesnsasamusen
uzNn§12

TaglugnilunsnageusIuIL 100 nuts IATIZHAEY

aun1s (3) (4) (5)

o Zimgxi
Mean (X) = —— (3)
n
. (x—x)2

Standard Deviation (S.D.) = 1 (@)

S.D.
Coefficient of Variation (CV.) = = x100 (5)

X

Toesd
Dieq Xi =uesmwerfeyaanmsiazni1 Dameter,
Heigh)
n = uwugnuens1 (100 nuts)
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224 msUssduaussouzn1sinuvaasaslanivion
EW51IAUUUY
Usgifiusieauns (6) (7) (8) (9) uax (10) (audnd,
2557) il

L
Availability Rate (A) =~ x100 (6)
T
N
Performance Efficiency (P) = = x100 ()
T
O
Quality Rate (Q) == x100 (8)
g
A P Q
OEE = — x—— x—x100 (9)
100 100 100
C
Capacity (C) =" (10)
t

Tl

T = nanfiedesdnsUandonuend (h)

L = nanmsiueseslenidenusndm (h)

N = nafuedesays (h) = (anFwasean - )
0 = Sunuugni nivenidenldmudetiuun (hut)
q = Sz ivendentiman (hut)

OEE = Overall Equipment Effectiveness (%)

€ = FIUUULNIT (nut)

t = anlumsUsniUdenugnin (h)

225 MTUATISVTUATHIAIAATIAINTSU
AinsgsinsldiaiosUoniddenuznin daunts (11)

way (12) (39396, 2563)
sozIaAunuIaiesaniudonuzning (Pay-back

period)
PBP i (11)
. R
JGEN
PBP = szagiiantunisfunu (year)
P =91AAT09305 (Baht)
R = lsandsied (Baht year)
aAuuUIATeslaniUfanuEn3L (Break-even point)

(12)

el

BEP = 9nfunu (h year )

Fe = mldarenad (Baht)

B = 8m31n1535U974 (Baht h™)

Ve = aldanglunisyiey (Baht h)
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Figure 5 Operation of prototype a) Prepare the coconut
on the dehusking b) Press blade c) Dehusking d)

Dehusking coconut.

3.2 @NWAENNNIENINYBIGNUENIIMALAIINTINITO Y
NI IYeNAIasaniUdentensr
PMNNTNAGOUNENF1ITIUIU 100 nuts éfwl,l,immaﬁﬂ
15.33 kg cm™ lanag Table 3

Table 3 Prototype capacity and dimension of coconut.

Min Max X S.D.  %C.V.

Diameter 16.00 21.00 18.06 1.34  0.07
Heigh 20.00 30.00 2537 254 0.10
Time 7.95 13.00 10.68 098 0.09
Capacity 276.92 452.83 336.81 3249 0.95

33 MITINUIEANENINAITYIINIL
Uszdnsaimnisvinanuvesasesdanidonuening
Avdaluddnirvauaislusunsuiuidaasinaaulngag

[

79 Table 4

Table 4 Overall Machine Effectiveness (OEE).

Availability Performance  Quality OEE

Rate (%) Efficiency Rate (%) (%)
(%)

99.87 99.87 97.00 96.75

Table 5 Details and price to build a prototype.

Component Price (Baht)
Structure 6,500
Hydraulic Pump 14,000
Directional Control 9,500

Valve

Cylinder 7,000
Control box 3,000
Total 40,000

MNN1seRNLUULATai1ATesUaniUAenuE N
AsdaluiRmunuselusunsusidaaednasulnsa dduvu
AT 40,000 U 1 Table 5 nazAraasiodusrsloniuden
ugn$127i51A1 0.6 Baht nut" nudidlszezatAunLYs
\n3e3dnsEil 1.6 month waziqnduuoLT 79.6 h year!
vnvihmsiisuliisuiuismsuenuuudnsgildueglu
a9ty 1w msvenlngauiianunsndenlsuaziade 600-700
gneeau (ufiwy, 2557) Mavenlaswelesuugniasiiannn
Yanld 2,000 gneiedu (Njaguna, 1988) wazilelUsouiiieu
Usgansamlunisitnufuiniesleniudenuzniig
Asmlutfmuaudelusunsusndaneinneulnsafias iy 7
ansnsavenidenuznild 2,688 gnreu Fsnnnin Tau
Uonfia 4 win §3deTemanisiimininaiesveniuden
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Prioritization of Floodgate: Pathumthani Provincial Irrigation Office Case Study

a 14 2 12* a a <1 “11 L1 - :\dl
WITBUAT AILNA 3778 YUIUYY " LA LYYINIY WMWUsEaNS

Pannipa Duangkert? ", Varawoot Vudhivanich!, Chaiyapong Thepprasit

1 @Y 3EINSSUaUsENIUL ANEIAINSINANERNS UMINYABLNYATAEAS TN LUARLNALEL, Jarinuasugy, 73140
Ziﬂiqmwaﬂszmuﬂnumﬁ dinauralsenui 11 NFUBAUTENY, a‘a”wi’mﬂnumﬁ, 12130

! Department of Irrigation Engineering Faculty of Engineering Kasetsart University Kamphaeng Saen Campus, Nakhon Pathom, 73140,
Thailand

2 Pathumthani Provincial Irrigation Office, Regional Irrigation Office 11, Royal Iriigation Department, Pathumthani, 12130, Thailand

* Corresponding author: Tel: +66-85-601-2739, E-mail: Pannipa.du@ku.th

UnAnga
nsInauANdIRgYeIUTERTEUIen WedndruauddglunisUiseinvnaruInisdanisusegseunein
ag1eiusgdAnSam lnguszgndldismsliasgvinuaiduty (AHP) lunisuseidudsegssungun v 38 uiis luiud

SuRagauvedlasINsTaUTEnuUyNs il anglanaminsusedunanamnvidniaz et Fununnsussiiunan Usenaume

a

3 gnu beun Awdengsy AwAsegne wasaudiny udasinasinisuszliundnaziiinaeinisussidiusesiidsneaziden

WinTW Beldevgenunsusmsianmaintuiuiiagyssiulssansnamuesusegssuneinlaenislandiadiven Juegiv

Y

1Y ' 14 '

ANUAIALIVDILAATLAN (A

o

minegszning 0 83 1 Iaeh 1 azwandbiiiuisrnudfguinaga) Ussnaunisdngdisiu

v v
o

AN UeIUsEysEUetsely nan1sdndduaud1AyvesUsegsEUeunaean 3 aduusn laud Usegssuiedinaes

v Y

UNIMAIT8350 (0.614) Usepseunetraastunit (0.546) wavdsenssuistinaasianeantd (0.385) #aann1sAnwil

Judsgleminonsuimsdanisuaensnauwsndunmstednunusegszuie Tulifivesnsdnassyarainsuazeulseanm

{ Lo v

fagpg9dnin Fan1sdnarsuaudAylaunsiansavatedadeneavzdmasoUssaniamnsvinuveslsenssue

111

=D

d
Hduwmdunsiadisuanuddglunisiigssnunussgssuneinluiuidu

ANdFRY: N1TIREIFUANUEIRT, ﬂ’]iﬂ??ﬂ%ﬂ‘iﬂ’]ﬂi%@izuwﬁ’l, TR E Uty
Abstract

To facilitate proper management of floodgates, prioritization is essential to identify the ones that require
more urgent attention. In this study, the Analytic Hierarchy Process (AHP) is employed to analytically evaluate
38 floodgates in the responsible area of the Pathumthani Provincial Irrigation Office. The assessment criteria are
pre-defined at two levels. The primary criteria include three broad categories, namely engineering, economic and
social indicators. Each category is then branched into secondary indicators which are more tangible. Each indicator
(primary and secondary) is given a weight based on its importance. To evaluate the performance, a scoring system

is employed, where local water management experts rate the floodgates for each given indicator. Finally, the
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individual scores are weighted and aggregated to an index (between 0 and 1, with 1 being the most prioritized

floodgate), leading to a hierarchy in terms of the derived indices. Results reveal that the three most prioritized

floodgates (indices in parentheses) are Bang Luang Chiang Rak (0.614), Ban Phrao canal (0.546) and Wat Dok Mai

canal (0.385). Such results are useful for both management and planning, as it allows the authority to divert more

attention to the maintenance of these floodgates and allocate manpower and funds accordingly when dealing

with tight budgets. As demonstrated in the results, this methodology provides a comprehensive technique to

evaluate the priority of the floodgates while considering multiple factors that can affect their performance. Being

highly customizable, this method can be adapted to other study areas as well.

Keywords: Prioritization, Floodgate maintenance, Analytic Hierarchy Process
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Figure 1 Location of floodgates in the responsible area of

the Pathumthani Provincial Irrigation Office  Source:

Pathumthani Provincial Irrigation Office.
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Table 1 Example of factor comparison and explanation

Example of factor
Explanation
comparison

(X)A1 compare with (x) A2 You give equal

level of importance...1...  importance to factors Al
and A2.
(x) Al compare with (x) A2 You gave factor Al more

level of importance...3... than A2 moderately.

(x) Al compare with (x) A2 You give more importance
level of importance..4...  to factor Al than A2, it is

moderate to strong.

3 : 578 wazAny (2561)

Table 2 Explanation of important level

Intensity of
Definition Explanation
important
1 Equal Two elements
important contribute eqully to
the objective
3 Moderate An element is
important moderate important
than another
5 Strong An element is strong
important important than
another
7 Very strong An element is very
important  strong important than
another
9 Extreme An element is
important extreme strong
important than
another
2,468 Can be used to express intermediate

1« as?y wazAny (2561)
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Table 3 Random Consistency Index

n 1 2 3 4 5 6 7 8 9
RI 0.00 000 058 09 112 124 132 141 146
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Table 4 Example of min-max apporch

Floodgate Age Normalization
A 10 (10-3)/(10-3)=1
B 5 (5-3)/(10-3) =0.3
C 3 (3-3)/(10-3) =0
D 8 (8-3)/(10-3) =0.7
Xmin 3 0
Xmax 10 1

ad o a o
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Table 5 Example of Weighting Factor Method

Engineering (0.5)

Floodgate hee Normalization Weighted
(0.2)

A 10 (10-3)/(10-3)=1 0.5*%0.2*1=0.1
B 5  (5-3)/(10-3) =0.3  0.5*0.2*0.3=0.03
C 3 (3-3)/(10-3) =0 0.5*0.2*0.0=0.0
D 8  (8-3)/(10-3) =0.7  0.5*0.2%0.7=0.7

Xmin 3 0

Xmax 10 1
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Table 6 The weighted of the three majority factors

gnI1dIuANARAARBIVBITBYA (Consistency Ratio, CR)
AadgrosnasinsUssdulasendnia 3 1y 9101
ﬁmmm’mﬁmLﬁumaqﬁﬁ'}wmwv §uu 9 918 ALeEs CR
< 0.1 wansintayanzuuuanudidyldnnnisiSeuiieu

Wuranmnaung eanunsadinruuuain Table 6 wiodn

Y 9

v W

usuANdAgnaein sUszidunanle dananslu Table

Q)
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Weighted by experts

Major factor

1 2 3 4 5 6 7 8 9 Average Adjust
Engineering  0.156 0082 0455 0778 0773 0747 0747 0747  0.747 0.469 0.586
Economic 0185 0682 0091 0111 0139 0119 0119 0119 0.119 0.149 0.186
Social 0659 0236 0455 0111 0088 013¢ 013¢ 0134 0134 0.182 0.228
Total weight 0.800 1.000
Table 7 The average of the three majority factors
Weighted by experts

Factor
1 2 3 4 6 7 8 9 Average
Amax 3.029 3.002 3.000 3.000 3.054 3.013 3.013 3.013 3.013 3.015
Cl 0.015 0.001 0.000 0.000 0.027 0.000 0.006 0.006 0.006 0.007
CR 0.025 0.001 0.000 0.000 0.047 0.011 0.011 0.011 0.011 0.013
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0.469 Uad8509a911 A 91U3UUSEYINS LANNINU 0.338
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N15ATIVABUAIUALNA AUNAVOIT 03 LABNIT
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Ratio, CR) Anadgvawnuainisuseiiutadesesa 3 anu

Table 8 The weighted of the secandary factors

9NNITIUTINANNAAT UYL 81977y T 9 18
TagAads CR < 0.1 uanairdoyanzuuunmddgldan
nswisuiisuifugaumgana deanansatiazuuuain
Table 8 wiodndusiunuddainasinisuszdundnls &

wamaly Table 9

Weighted by experts

Factor
1 2 3 4 5 6 7 8 9 Average  Adjust
1. Engineering
1.1 Age 0.074 0.091 0207 0.623 0.133 0.178 0542 0.630 0542 0.250 0.33
floodgate

1.2 Last year of  0.549 0.048 0.161 0.187 0.046 0.462 0.129 0.148 0.129 0.151 0.202

floodgate repair

1.3 canal 0.248 0.201 0.069 0.152 0.267 0.295 0.154 0.137 0.154 = 0.172 0.230

capacity

1.4 flood prone  0.129 0.660 0.563 0.037 0.554 0.065 0.175 0.085 0.175 0.176 0.235

area

Total weight

0.750 1.00

2. Economic

2.1 The value of  0.487 0.272 0400 0.290 0.139 0.139 0.550 0.594 0.550 0.335 0.427

damage to the

community area

2.2 The Value of  0.078 0.067 0.200 0.655 0.773 0.088 0.210 0.249 0.210 0.200 0.254

damage to

agricultural area

23 The value of 0.435 0.661 0.400 0.055 0.088 0.773 0.240 0.157 0.240 0.250 0.319

the damage to

the area

Total weight

0.785 1.000

3. Social

3.1 Industrial 0.114 0594 0.169 0.105 0.113 0333 0.114 0.114 0.200 0.170 0.193

area

3.2 community 0481 0.249 0443 0.799 0.179 0.333 0481 0.481 0.600 0.413 0.469

area

3.3 Population 0.405 0.157 0.387 0.096 0.709 0.333 0.405 0.405 0.200 0.298 0.338

Total weight

0.881 1.000
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Table 9 The average of the secandary factors

Weighted by experts

Factor
1 2 3 4 6 7 8 9 Average
1. Engineering
Amax ~ 4.204 4.212 4.233 4.267 4.244 4.267 4.158 4.255 4.158 4.222
d 0.068 0.071 0.078 0.089 0.081 0.089 0.053 0.085 0.053 0.074
CR 0.076 0.079 0.086 0.099 0.091 0.099 0.059 0.094 0.059 0.082
2. Economic
Amax  3.013 3.044 3.000 3.081 3.054 3.054 3.018 3.054 3.018 3.038
d 0.006 0.022 0.000 0.041 0.027 0.027 0.009 0.027 0.009 0.019
CR 0.011 0.038 0.000 0.070 0.047 0.047 0.016 0.046 0.016 0.032
3. Social
Amax  3.029 3.054 3.018 3.007 3.054 3.000 3.029 3.029 3.000 3.025
d 0.015 0.027 0.009 0.004 0.027 0.000 0.015 0.015 0.000 0.012
CR 0.025 0.046 0.016 0.006 0.047 0.000 0.025 0.025 0.000 0.021
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Table 10 Prioritizing the maintenance of 38 floodgates

Floodgate District Weight Score Prioritize
Bang Luang Chiang Rak Floodgate Mueang 0.614 61.40 1
Ban Phrao Canal Floodgate Sam Khok 0.546 54.60 2
Wat Dok Mai Canal Floodgate Sam Khok 0.385 38.50 3
Wat Tamnak Canal Floodgate Sam Khok 0.383 38.30 4
Khu Canal Floodgate Sam Khok 0.383 38.30 5
Chiang Rak Yai Canal Floodgate Sam Khok 0.376 37.60 6
Ban Krachaeng Canal Floodgate Mueang 0.375 37.50 7
Bangka Chin Canal Floodgate Mueang 0.369 36.90 8
Yai Yui Canal Floodgate Mueang 0.368 36.90 9
Bang Luang Canal Floodgate Mueang 0.356 35.60 10
Bang Pho Tai Canal Floodgate Mueang 0.356 35.60 11
Chiang Rak Noi Canal Floodgate Sam Khok 0.346 34.60 12
Sakae Temple Canal Floodgate Sam Khok 0.337 33.70 13
Bang Khu Wat Canal Floodgate Mueang 0.337 33.70 14
Na Canal Floodgate Mueang 0.334 33.40 15
Bang Pho Nuea Canal Floodgate Sam Khok 0.329 32.90 16
Wat Chaeng Canal Floodgate Sam Khok 0.327 32.70 17
Bang Prok Canal Floodgate Mueang 0.324 32.40 18
Bang Dua Canal Floodgate Mueang 0.320 32.00 19
Ban That Canal Floodgate Sam Khok 0.311 31.10 20
Chiang Rak Mai Canal Floodgate Sam Khok 0.309 30.90 21
Khlong Print Canal Floodgate Sam Khok 0.304 30.40 22
Wat Chaeng Canal Floodgate Sam Khok 0299 29.90 23
Bang Toei Canal Floodgate Sam Khok 0.298 29.80 24
Bangna Canal Floodgate Sam Khok 0.296 29.60 25
Yai Canal Floodgate Sam Khok 0.290 29.00 26
Phikun Canal Floodgate Mueang 0.284 28.40 27
Khlong Koh Krieng Floodgate Mueang 0.276 27.60 28
Pa Fai Canal Floodgate Sam Khok 0.275 27.50 29
Khanon Canal Floodgate Sam Khok 0.273 27.30 30
Public canal Floodgate Sam Khok 0.272 27.20 31
Khan Nuea Sam Khok 0.262 26.20 32
Kwai Canal Floodgate Sam Khok 0.262 26.20 33
Khan Ruea Canal Floodgate Sam Khok 0.256 25.60 34
Ban Thong Kung Canal Floodgate Sam Khok 0.217 21.70 35
Wi Canal Floodgate Sam Khok 0.214 21.40 36
Khok Ta Khiao Canal Floodgate Sam Khok 0.192 19.20 37
Ban Plub Canal Floodgate Sam Khok 0.191 19.10 38
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Abstract

Water resources are renewable energy sources that can be used to generate electricity efficiently. It can
also be used as a good replacement for the fossil fuel and do not produce pollution to the environment. In this
research, a commercial centrifugal pump was used without any modifications as water turbines for generating
electricity by using the Pump As Turbine (PAT) method. In the hydraulic laboratory experiment, the Water
Horsepower (WHP), Break Horsepower (BHP) and the electricity generation experiments were conducted. The
maximum power output of 808.5 Watts with 57.66% hydro-to-electricity conversion efficiency were achieved. The
one year break-even point of the project was calculated based on the investment cost and to the electricity
produced. The results show that the commercially available pumps can be used as water turbines effectively
without any modification or need of a turbine constructed. This project can be easily implemented by using the
commercial available materials with several advantages such as low cost, the availability of parts and materials,
durability, time saving and no modification.
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Figure 1 Experimental diagram.

Figure 2 A commercial pump used as a turbine.
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Figure 4 Pulley speed measurement.
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Figure 5 Break Horsepower measurement.
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Figure 6 Generator powered by water turbine.
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Figure 7 Water Horsepower produced by water pumps.
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Figure 9 Rotation direction of a water turbine.
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Figure 10 Break Horsepower at various rotation speeds.

Table 1. Shows details of the turbine efficiency.

Turbine
Pressure of turbine WHP2 BHP
Efficiency
Gauge Gauge  Pressure
inlet  outlet difference (Watt) (Watt) (%)
(bar) (bar) (bar)
24 0.7 1.7 2,835.57 1,402.08 49.45
2 0.6 1.4 1,913.6 687.98 35.95
1.6 0.5 1.1 1,362.01  263.76 19.37
1 0.2 0.8 845.29 102.47 12.12
60
50
5 y =[17.366x% - 0.5636x + 0.83]4
e RZ = 0.99
530
>
g
T 20
9}
= P
&= 10
0
0.5 0.7 0.9 1.1 13 1.5 1.7 1.9
Absolute pressure (bar)

Figure 11 Efficiency of turbine at various pressures.
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Figure 12 Generated electricity at various heads.
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Figure 13 Efficiency of generator at various pressures.

4 @3y
Tnnansneassieiuiandiiudaussansamnns
nannszualnilnelddudufatuin (Pump as turbine)
FauAnsaendsnunseualniiidunisouislatenia 91n
NANISNAEUNUITIUNISNAGEUWIAT WHP T Aausy
yasihiinaser WHP fildeenunlaewiionusuiivunniu
aevileilaan WHP 1iudunnuldae Ssannnisnaaeuld
UszAnBan WHP gafiga 455% luduvosnsnaaoum
A1 BHP 1ilarnuisiseunsvuresiadiiintu a1 BHP 7
aifintuauingsgauddedeny anas lagasdian BHP
qaqwﬁqmmm 31nn1snaaeulaal BHP gegaivifiu
1,402.08 Watt AntduuseanSain 49.45 % uagnsvadau
wilsgAnsnmniswannsualiiihfiauiusiigg wudie
anusuthinadeamdsnulninfayldeenun Tagiilonn
AuFuLRng uA N Ul AldAazuntusalude
Mnmsnadeuldmmdsliiinnniian 808.50 Watt An
Juuszansan 57.66% leuszansaingeniinismaasy
9949 Phuttarat (2019) TéUssanSam 45.5% drundiain
arnlunisnaaesiidenldiaiesindalnia iwsned
Uszansnnlunisudalnilasninnisltuaimesasinaun

sandandundasiuialudin Wi wazauy, 2552) A5l

vawmesaumanfaulanduedosindalwihoziidunud
sndwaziivuialidennainratsuinniinisldinies
Aufialnin (use, 2546)

nan1snaewannszualniing Snisasmulneyssaa
20,000 U @unsandnnszualniildedeowded 0.8
wiaAedalus wis 576 nulssoLiou duilofuin
Wisuisuiumlwihvesmsliiindiugiaaiivseana 4
unsenle (Nskihdiugiinie, 2561) agiianinfu 3.2
vnstedalus Tasansazdanuduyuidussozinaszana
260 Tu ﬁaﬁﬁamﬂ%’ﬁhaTumﬁwsﬁmmmmvﬁﬂﬁ
amﬂwuaw 139 mmJmwﬂﬂwwmmiwamlw%lmiﬁu
Judrunusaruduuud ‘memvamuwuwmmaam

v

munuﬂsmmmmLLa:smummmmwmmm 15 Lll(ﬂi‘du

8o

TUazarusadinderuiunldvsslovildogned
Uszansa Tagldsnduiiosdesadrsfetuinauanlmvi
T¥nnsvilassnsdnwariemedunn msizuenainadl
Funuiidiudrdeaiuisauszgndldguasaififivnely
ivsnatauldaulaas Inglisowdinisdaudaslae vinln
Uszndaussnu waznanfigldluldegan

5 fAnAnssuusend

YavauAMBIU URMITevamans ndviainssy
FAUTENIU AMNEIAINTIUAIAAT NTUWILAY
uAng doineasaand Ineuafiunsuau Aaduayy
sulsznnazaiesiie Snvsoulasizvaniuilunis
AUy

6 LONA1991984

nstidendnuvsussinalve 2564, dadrunisly
FomAwdnndsnulnihluszvures niln. widsdaya:
https://www.egat.co.th/index.php?opti
on=com_content&view=article&id=2455&temid=11
6 Whiludle 2 fueneu 2563

nsbindiuginie 2561, dnsraluin wnasdeya:
https://www.mea.or.th/minisite/doingbusinessinbkk
/download/view/1000495 \indiale 2 fusneu 2563

Wil AIVeY, AN VesuNnd, uay gl gauia. 2552.
fevuay Aekud nanlnildies. Ausinded 1.
N3N AN RUiNEATNITUTTTUUIA.

10ny tAnduvifiWmid. 2543, nadAransveslva.
NTUNNUNIUAT: AIATVIIAINTTUIAUTENIU AMY
AMINTINAENT AWNILAU LIV IRELNYATAIENT

usy Auwga. 2566, waluladiedoafaiuih. malulad
NHRUNYUWIIY mswamlindaauadn fu
pdeil 1. nganme : USSiunGuRs n3U S, 39-
54,

S 0125, 2555, Tsslniitnda, Tssdundalih - finsd
pdsfl 19. ngame ;. dninfiusianaudsaiumelulad
(e - ). 55-82.

Matthias, K., Terheiden K., Silke W., 2019. Pumps as
turbines for efficient energy recovery in water supply
networks, Journal of Renewable Energy, 122.

Phuttarat, S. 2019. Pump as turbine with induction
generator for pico hydropower generation. Ph.D.
dissertation, Naresuan University.

Carravetta, A., Houreh, D., Ramos, M.H., 2018. Pumps as
turbines : fundamentals and applications. E-book,

Springer. pp.15-16.

50



MsEsa@nALdmnssLnuRsuisUsEwAlve 97 28 atufl 1 (2565), 51-58

?ﬂiﬂﬂiﬂﬂ’]ﬂuaﬂ’JﬂiiNLﬂ‘lﬂﬂiLLﬁ\iUizmﬂlﬂﬂ UNAIUIRY
U 28 atui 1 (2565) 51-58
Available online at www.tci-thaijo.org /index.php/TSAEJ

ISSN 1685-408X (Print)

N15USEUIBULS95 aURUUNAIATHULA DERAZHUUNAIANFD IV U AN ANFIMSUNISHAAN AN

Comparison of Greenhouses roof Sawtooth and Double-roof Suitable for Vegetable Production

qaina Funsasea’*, a319@ Yrunu’, enatw Yhugl’, asssue auiln®, $Anta gnsAal’, algvess dufvsnalug’,
SANS A3aRRg’, ugie 25dtng’
Wuttiphol Chansrakoo1'*, Sarawuth Parnthon', Akkaparp Panphoomz, Wantanah Somnuak? Rattikan

Yutthasin®, Natchayatorn Kantiyaputtimeths, Rapeeporn Srisatit’, Naruatai Worasatit
'AudITenuRsIanTsNgug 5Nl nsudvnisnens 1.5 a.AugE 8.9vue A.45195511 84170

!Surat thani Agricultural Engineering Research Center, Agricultural Engineering Research Institute, Department of Agriculture. Khan thuli,
Tha chana, Surat thani 84170.

ZAugITBNEATIAINTINVBULAY NTUIVINTNYAT 320 112 nugddad a0y a.des 2.9auunAY 40000

2 Khon Kaen Agricultural Engineering Research Center, Agricultural Engineering Research Institute, Department of Agriculture. Bantum,
Muang, Khon Kaen 40000.

sdtinifeuasimuinisinunsiei 3 nsdnnisinues 180 a.fan o.iles 2. vauuAL 40000

*Office of Agricultural Research and Development Region 3, Department of Agriculture, Muang, Khon Kaen 40000.

*Corresponding author: Tel: +66-8-9072-2155, Fax: +66-7738-0588, E-mail: wuttiphol@gmail.com

UNAnge

nsuasiinaneldanmlsaFeudumadeniisudufvanmideulaluanmeimatiagiu uaglsudouiteuldiy
Tuilagiufiaesuuuie lsadeunvundsaiiudosuasuuundsanansdy myideiiinguszasdifioioudoulsafounuy
ndsailudosuaziuuvdimassiuiivangaudmiunisuaniioin lnelsdeuiiaesuuuilassaaduminerudned
wazianwudnuada dvue (nxexa) 6x20x5 m wuundsalawditealnszuieoINARTUUUNEIA1 YPVAIRIAIBNATERN
ALY 200 micron AauRETIdUNANARndanToILANTiiauTRnTestdyT dudrafndalintnedunvun 32 mesh
Tnesou nelulsadeufiniguniniuasmaunsszutiinuumeauaznislihuuusummen 4 s muaumsvinulae
nsmnasaluififletisangamginanfinemduduimsluemeludanmnaisiuardufinanmuindeuluusasaag
Fumusounswaniiy Taenaasudivuzidemae’ uasinazthdeans nan1saasmuii usidemareinugnlulsaiey
wuundseitudesiuunlduaiyiivianadiunnugedinifivgnlulsndeusuundsaiaostu udludunandauas
padUsznounanAnveszomeagesTUgnlulsaFeusuundsmanstuinuuundsitudes dmiuasthgesnsiugnog
meldlsaFeuiaesuunuii iflefleny 7 fu ndsgnuaznounslits anugauarsuaulubifienuunndsiumeadi
wazndsnnlieduazthgoansiaefiudung 6 dUnvinuit maaiaivlawasnandsiivgnlulsudouiaouuylid
ANUUANAINGED A

mdfny: sUnuulsaseu, nsugnivain, lsaseudgnity

Abstract

Vegetable production in greenhouses is a necessary alternative to the current climatic conditions, and there
are two types of greenhouses that are commonly used today: Greenhouse with a sawtooth and double roof. The
objective of this research was to compare the suitability sawtooth and double roof houses for vegetable
production. Both types of houses are structured in galvanized steel and anti-rust painted steel with dimensions
(wxdxh) 6x24x5 m. Plastic roofing with a thickness of 200 microns covered with a plastic film that filters UV rays.
The side is equipped with white net, size 32 mesh, all around. Inside the greenhouse, equipment and controls for

drip irrigation and a 4-way fogger are installed. Automatic timer controls reduce the temperature and increase the
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relative humidity in the air during the day and record the environment during the day according to the crop

production cycle. It was tested with cherry tomatoes and Hong Kong kale. The results showed that Cherry tomatoes

grown in sawtooth tend to grow better than those grown on the double roof. But in terms of yield and yield

composition, cherry tomatoes grown in the double roof were better than sawtooth. For Hong Kong kale grown in

greenhouses, it was shown that the height and number of leaves on the last 7 days before plants, fertilized, non-

significant, after 6 weeks of fertilization, it was shown that growth and yield of Hong Kong kale grown in greenhouses

showed non-significant.

Keywords: Types of greenhouses, Vegetable production, Greenhouses plants
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yadsamanadnnazvinlierniaeudinielulsnieu
(Ismail, 1991) WUUWSIALAaestuoufu (Curve, double
roof) SdemduisTunuundsandadestu widnvaznis
TAsreanasnnazyinlinasaInsiulannin uazlsusou
n§ammthdseduannsasyuisemaseuneluoasle
usflugasdunniuflilnadunlulsadeu wazuuy
‘mmmmmaﬂaumaauL‘UuiiqLiaumamwﬂmwmami
SZUIINATOU L‘L!ENRHﬂﬂﬁmﬂ’m%ﬁ)ﬂwﬂiuU’msﬂﬁULL‘U‘U‘Ll
wingdmsuusemaluwnisu (Chu and Huang, 1991)
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Tsa3ouiinansgunuy nsazidenguuvulsaudeud
wngautuazfosinsumaetadeiifeades wu anm
nilenA anmitui sllauazUTunavesfivfiazugn uay
sunududiAty 9581 wagaue (2560) 9NN15gUd1599113
nanRnbulsasauvesUsemalne (Insidd wavauy, 2548)
wuin TsaSeudgninuuundieiuiuasi 2 Useunn fe 1)
Tssfouiindiainssdszina 2) Tsafeuildinalulad
Wanesn1eluUsemaAveaIusENanIu YoUNYAINT Uag
vosyaiislasanisvans lsnFoundrefuuannaiiau
Tugiingdann 2 3Uuuy fe wuundsanituides (n.1n) waz
wuundanlds Fadunuuiifesldautuunian (nsae
wazany, 2548) uaiiungalaifinisAnwdaanisldau
voslsnfeuisaoauuy ffunifediadiinguszasd il
nsiTsuifisulsaieunvundsaiiuidosuazuuundann
THsastuiiomnyaudmsunsuandivin

2 gunsaluazdsnis

21 guuvulsaSouiilinagey

1) Isedeutonnmiwuundsmilfuuuiiudes wiouuu
.l (Figure 1 uay 2) lassasrwimeviowaniadalud &
lnssiinynszes eeserounia dadesidmanyuiadinlud
fumeusnUfuiiunazoudy wunade 50 cm fundely
Tsadeulsedeiiu uazyinlufuTufiedvnelminFusuls
fisazBunsidl

1.1) Wulsadouszuutonnnindermsdauuuimasy
19995V IMAATUUN VUIANTI 6 M 813 24 m 84 5 m

1.2) Tnseadrevsmeviowantadanluduuesunuud
Mvua Jlasadnynsees 3 m

1.3) pedansunInvuiadudiuAudnas 12.7 cm i
Wwesanmanguialiludidudugudnans 3.81 cm un
Sg8y 3 m LazdlANUABALEATENINUEILTUSDULAAY AU
lagsau

1.4) #unelulseSoulseseiuiued 3 nunade 8 cm

1.5) vidapaqueewanasin PE was UV stabilizer aana
nulddesnin 200 microns

1.6) nifsvna 4 fu w¥euvossyungenne YAILIeR1Ye
luspuiuluawiln 32 mesh

1.7) éﬁu‘mﬁﬂiaﬁauﬁﬂsz@mmﬁm 2 u (uon-lu)
‘W%@Mﬂéaaﬂimswdwwiza%uuaﬂ fruuanu1uln-Un
1A 1.2 x 2.0 m wieunasulszgUnien Fruluuiudeu
WUUKYIL 2170 1.2 x 2.0 m nieunaeudsygUaden Ui
UszguavnassUsen yaedwmvigluasuiuuuaseia 32
mesh #aIAINAIERNUUI 200 microns

1.8) 8alassadradwneiulagld Clamp guiadinlug
wiaugunsalinsgunulsuseu

1.9) 1¥Yagfenuuusiunanauss Janagquiindu
lassasamdnndongunsaiusenouunsgiu

e phlzney smatsznow ety Feoou
PERSPECTIVE-01 e i # ifodlmi

125

s FRONT VIEW 1:100

Figure 2 Front and Behid of Greenhouse with a sawtooth.

2) TsaiSouszuuiionnaingnmsdsanstu (Figure 3
and 4) lassasrevimeviawmaniadinlud dlasedn nesle
poundnilafesianninyuiatanlud Aunisuanuduity
wazauAy muede 50 cm funelulsadeulsedefiu uay
14ﬁﬂuﬁ’ui’ﬁjﬁﬁjﬁmwﬁﬂﬁw%mr:i’m"lﬁ fisazBonsid

2.1) Wulsadeuszuutionnntindinmsldsas sty
PWIANTIN 6 M 813 24 m ge 5 m

2.2) Tnssadravismeviamsndataludauianuuuui
Mg dlassinynsses 2.0 m

2.3) poiaAdUNIAYUIALAUHIANENATS 12.7 cm 4
Wesiawinguiadnludiduiaudnas 3.81 cm vnssey
2 m lailmumsfudnseninaanlsusauliasiulneseu

2.6) funngllsadeulsedefuued 3 wueds 8 cm

2.5) Mé’qmﬂqmﬁwwmaaﬂ PE @y UV stabilizer a3y
nunlaitiosndn 200 microns

v
a o o !

2.6) 9BNLUULALAARISNYULLTULREINUAY U8 1.6-1.9
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Figure 4 Front and Side of Greenhouse with double roof.

Snvarlsadouisaesuuuduansly Figure 5 fufiums
Ansadui ssuuthmen uarsruumugunissrethnisly
Tsa3ou (Figure 6) ilonnaouiivdeyavosszanininms
wanfininlulsadouiassguuuuniousafudaya
anmwandon Tnslamggamgivasaududinive a¥lsg
asouthniuagsruumuauie wieuszuunMITelouuy
nugs Seudumaduieadiusi 2 Tsadeu Tasflssuudah
dsosuunn 2,000 litre $1uu 2 Tu dwsulduduhoune
1 hp n¥euszuumugundliihiretidssuumsugnit
TulsaFeudsmaianainsieidrludfnussesnad

foenslel (Figure 7)

Figure 5 Prototype of Greenhouse with sawtooth
and double roof.
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b | RS
Figure 6 Installation of pumps and control systems,

water supply in the Greenhouse.

22 3Emsvadsy

uzTomees (Cherry Tomato) Jufieilinensnsveu
Ugnluanmilsadouiiofulszyunaan lunismaasadng
mmevauswvezilomAeIdemuItuiuvesmsazans
s sildaslufutgniluszuulsadou 2 wuu fe
LUUndInaRstu uazuuundsnnitudes Tedudumség
Ugndunduzidemeeng 30 Yu adluiagugnnsiediussylu
eUgndvnivunm 25.4 cm Lilengg letudl 5 nsngiau
2562 wdsnéneugn 10 Ju Fulilonunssadisidusedu
Anudnduresansarate loua 1) 0% 2) 60% 3) 80% 4)
100% wag 5) 120% YndUA1% dns1 1 litre/bag/week lng
wusldduag 200 ml

azthgesnalditusniugiiuiugnisitnuasnsioy
Ugnéneugniudl 22 fiquieu 2563 Tassnsiheugniiu
néneny 28 Ju $1uau 180 #u adluTanugniisidruna
vo9ysuE NI unavAivmTisuditunaudt dndou
60:20:15:5 dulagU3uns Usuann pH meyuun usey
TuldigUgn 9u1m 1.2 x 6 x 1 m IaediTaqugnuun 25 cm
1w 3 Tgugneelsaiou nsnuawening 50% svee
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Ugn 20x20 cm ndsa1néneugn 7 Ju 5ulside A uay B
8n31 1:1 lagld Stock U8 A uag B 8198y 6 ml/water 1
litre USu1@35 200 mUplant/day USu195574 36
litre/table/day

1) wziudaazingesnaiugniug asluaimmizauin
104 viq Imaiﬂuwmaal,ﬂmammu U 2-3 wdasevay
sathfuay 1 ads

2) Lmamaqﬂqﬂﬁﬁﬁwmamm YeULNI1I WNAUAY
M31eusi wazunauRn (6:2:1.5:0.5) Usuanimdaeyuv
adluldzgnuunn 1.2 x 6 x 1 m laeiidaguanuun 25 cm
112w 6 Tizdgn Tasdandilulsadouuvundsnaosdy
waz wuuitudes S1uau 3 Ieugndelsaseu wetauawe
MUET 50%

3) §reugnaunaiazingenseny 28 Ju naumizadiy
lgUgn Inglvidszesugn 20 x 20 cm U 6 4a27 A
30 @iy 594 180 mumﬂmuﬂaﬂ imu’mmuﬁ] G mq

4) ndadreugn 7 u °L‘anqu AB 851 1:1 Y3115 200
mUplant/day $1uau 5 TusiedUanyi viaviua 6 S uaz
\unandnluszeziingthsesnasueenaengu
A1

1) upidemeyed Adnafe ANLgeRy S1uau divin
AN UAZANETIVOING WaAUOSITUR Brix

2) Axthdesns Artiafe Auge S1uauly wasudn
an

3 Wawayiansal

3.1 Nan754U?ywﬁyuk\n?auw%ﬂamuuﬁzwmgﬂyﬁ’miu
nIsuEnusTommYes
NamamLLazaaszsﬂaumawﬁmﬁuaamv‘ﬁammﬁua‘é (Table 1
and Figure 8) ﬁﬂ@ﬂ’I,uIﬁqﬁauwaé’qmam%y’ulumwm
gfinduvundsnituides duflogainuanisiadgidule
WU Tsadounuundsnitudes Suwiliufiuzdowmayed
fnnasgladiuanugainiuvulsaioundsanansty
Tugdlaiad uelunmsunandauzidemealulsaiounuy
anstulnslanzsvunasefuaiiusnafiuinnn uas
PUPANUNETALEIRRN T MU URSATuE ey

Figure 8 Cherry tomatoes grown in the greenhouse.

32 wemsSeuieulsudouraesuuuiimnsaudmsy
NsHARAzIIFIN

MnmsnaaesUgniniulufie axigesnaiugniug Tu
Wiz Ugnitegnielilsaioundsmassduiudsuiiivui
vinuuuiludesnuin maaigdulaidieangiund 7 3u
nisgnuaznoulids fanugauazduaululidany
wanA19iun1eEdf wazndsarnlidefadoduwduan 6
FUainudn n1siesaiiule wasnandnvesnzingeans
Ugnlulsadeundsaisansuuulsifiauunndamieada
Tneiianugevesduiade 37.5-37.8 cm vy 11.6-12.1
Tu wagmiinansiolfzUgnuszanas 20 kg (Table 2 and
Figure 9)

Figure 9 Hong Kong kale grown in the greenhouse.

33 gamgiuazarmiuduimsnelulradouis 2 uuy
uazuonlzaZou (GH1 = uwuundinIaest, GH2 =
A itudee, Out = uanlsasau)

Tuva9iuil 29 ganau-24 $uray 2562 Fadurady
Wdggrunvesnangiusenideanile lsuseudmiunis
naaeuUgnuzidemae’ Tuanmnisdansaninuandon
LUy feszuUnTHunNenLloTIsangumgiily
Tsadoutaesguuuulunounatetu fuusiaan 8.00 - 17.00
u. saarliiuvusunuenafsar 5 min/hr. azd18an
gaumgilulsaseuludienarsiu anuanisnaaeamudn
aelulsadeunarafnuuundiaiaesiu Toungiiade
26.25 °C wagAuTuFINSIads 6037 %RH 15aideu
wanaRnuuundseituidesiiguugiiade 2647 °C uaz
AruBuduimiiade 62.98 %RH Faflenuuandrsduanin
asuenlsudeufiounngiiade 2857 °C wavaruy

s

duinsiadie 5537 %RH LieRvsanigamgligeanlusey

Fuwud TsaFeunanafnuuundsnassiuasiigumgd 46.2
°C Jasnnuuundamituidesiifigamaiigeia 52.5 °C
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Table 1 Results of yield component of Cherry tomatoes in greenhouse with sawtooth and double roof.

Yield component

Number of yield  Weight of yield

Width of yield

Long of yield

%Brix
Treatment (yield/plant) (¢/plant) (mm) (mm)
Double  Saw Double  Saw  Double  Saw Doubl Saw Double  Saw
roof tooth roof tooth roof tooth  eroof  tooth roof tooth
114.7
fertilizer 60% 147.25 g 2.51 3.32 14.94 14.52 21.51 21.40 10.11 10.52
141.2
fertilizer 80% 139.50 g 2.40 2.01 14.75 14.13 21.74 21.08 10.55 11.03
112.5
fertilizer 100% 154.50 0 2.54 2.32 15.63 15.09 23.23 22.18 11.94 11.60
130.0
fertilizer 120%  136.50 0 2.47 2.37 16.65 15.00 2380 2191 11.71 11.88
122.1
Maen 145.70 0 2.48 2.50 15.49 1470 2257  21.60 11.07 11.30
CV (%) 224 13.7 15.1 19.9 6.0 5.1 55 4.5 6.2 2.1
Table 2 Results of Hong Kong kale grown in greenhouse with sawtooth and double roof.
Treatment 7 day 80 day Weight
heigth/plant (cm) leaf/plant heigth/plant (cm) leaf/plant (kg/table)
Double roof 10.9 3.20 37.5 11.6 19.7
Sawtooth 10.6 3.27 37.8 121 20.9
T-test ns ns ns ns ns
% CV 8.5 7.03 4.1 7.1 15.2

Tuthetuil 2 nsngian-13 fugneu 2563 Fudutmg
Yarggasounianziueenideunile lsuseudimiunis
naaeuUgnazigansuaninnisdansan1niindeuiuy
e fhessuumsniunuenitetisangamgiilulseFou
aasgunuulunounateu dausiian 8.00 ~17.00 u. &a
ranlduvununnenadear 5 min/hr aggasle
anmuindeylulsaseullgungiiliganiiullugae
naeiy nwan1snaaaudt melulsasaunatainuuy
mé“ﬂmaaa%uﬁqmmﬁm?{a 30.56 °C wagALuFIINS
108y 69.31%RH TsaSeunarafinuuundsafluidesd
gaumgiliade 32.12 °C wazautudusindiads 65.28 %RH
Baflanuuandnsfivanmansuenlsaseudifigumgiiede
30.62 °C uarATIudIvSLady 58.84 %RH gnslsfiny

a

WaNasanfgamaiigegatuseuiunuii lsusounanasn

Y Y 9
=

LUUMSIAEDITUAZLaUUAT 41.0 °C FIAINILUUNAIAN

9 Y

Huidesnilgaumgilgeds 43.2 °C lngilgaumgilneuanggn

]

40.4 °C aianslu Figure 10
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Figure 10 Temperature (°C) and Relative Humidity (%) in
Greenhouse with double roof (GH1), sawtooth (GH2)

and Outside of Greenhouse.
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