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Abstract

Research plan on research and development of agricultural machinery for the
production of field crops. The main objective is to research and develop agricultural machinery
for the production of seeds of field crops to be of quality and labor saving. It consists of four
other sub-projects, namely 1) R&D project of automatic seed and fertilizer sowing machines for
field seed production; 2) R&D project on diggers to collect and remove peanut pods that
control the vibration of the digging legs. with a rear-mounted automation of small tractors for
seed production 3) Research and development project of heat pump system for dehumidifying
soybean seed; and 4) Research and development project of air pressure dryer for dehumidifying
soybean seed. The results of each research project are as follows:

Automatic Variable Rate use on Seed Drills with Fertilizer Applicators The micro
controller (Arduino mega 2560) controlled speed of DC motor (24.V, 500 W) that driven seeds
and fertilizers sowing shaft. This machine commanded via PWM (Pulse Width Modulation) signal
and used an encoder to measure the speed of ground wheel. The result showed that the
average accuracy of automated control system forseed sowing rate was 92.93%. The result
showed that the average accuracy of automated control system for fertilizers rate was 90.38 %.
This research demonstrated that an Automatic Variable Rate use on Seed Drills with Fertilizer
Applicators could set seed and fertilizer rates according to recommendation rates and plant
production technologies.

Peanut Combine Harvester with Automatic Control of Digger Leg Vibration Attached to a
Small Tractor for Seed Production using a 21 hp tractor. The nut chain is mounted parallel to
the tractor and has a.set of knives under the chain. The peanut pod storage pickup is located
at the back. Prototype that doesn't shake the legs. have lower total loss than oscillating type It
is preferable to.use the L2 gear at 1,000 or 1,200 rpm, which has a total loss in the range of 9%
- 11.8%, but losses from unearthed pods, pod fall on the ground and breakage are minimal.
Fuel consumption 2.31 liters / rai, spatial efficiency 83.33%, break-even point (BEP) equal to
45.29 rai / year, if there is a contract of 200 rai / year at the contract price of about 800 baht /
rai, the minimum number of days The required work time is 17 days per year, payback period
1.55 years.

The Research and development of the heat pump drying system aimed to reduce
moisture in soybeans. This study was designed to scale the prototype of the drying chamber to
2.8 x 2.5 x 2.3 m (width x length x height). The heat pump system testing for the soybean seeds
drying was determined high pressure of refrigerant have 3 levels of 200 psi, 250 psi and 300 psi.
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The high pressure of the 250psi refrigerant was the optimal high pressure for temperature and
relative humidity control in the drying chamber for drying soybeans. The research could be
concluded that the HP method slightly affects to seed quality changes both after drying and
during storage compared to other methods. Therefore, the HP at temperature between 37.4-
41.9°C for 5 hours is suitable method and condition for soybean seed drying to desirable level
and could introduce instead of sun drying.

Air pressure reducing dryer for soybean seed moisture dehumidification has 3 main
components: 1. Vacuum drying chamber 2. Heat source 3. Vacuum pump. Preliminary design
The drying chamber is cylindrical, diameter 0.75 m, length 1.2 m, thickness 6 mm. There are
shelves made of stainless steel, size width x length 0.50 x 1.00 meters, 4 trays. The heat source
is 4 round bars of 1000 watt heater and use a water jet vacuum pump. The results of the
dehumidification drying test of peanut seeds with an initial moisture content of 34.15% using a
temperature of 40 °C and a negative pressure of 650 mmHg. The testing the germination of
peanut seeds after dehumidification treatment in all 3 cases, it was found that the germination
rate was close to and higher than the comparative sample value. The results of soybean seed
drying test with moisture content from 3 farmers' fields was dried by reducing air pressure dryer
at 38 °C at air pressure negative 6 50 .mm Hg, after dehumidification were stored in the
refrigerator for 9 months, and then tested for quality analysis by considering percentage of
germination, vigor and seed damage. The results of the analysis that obtained various values
have not yet passed the assessment criteria. This may be due to the imperfections of the
obtained seeds or it may be caused by storage errors. Therefore, there should be a new test to

have more clear information.
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Abstract

Plant production technology according to soil fertility is applying of technology as plant
requirements and depending on each location such as seed sowing rate, fertilizers sowing rate
and pesticide control rate. The objective of this study was to research and develop “an
Automatic Variable Rate use on Seed Drills with Fertilizer Applicators”. The micro controller
(Arduino mega 2560) controlled speed of DC motor (24"V, 500°W) that driven seeds and
fertilizers sowing shaft. This machine commanded via PWM(Pulse Width Modulation) signal and
used an encoder to measure the speed of ground wheel. The results of seed drills with tractor
50 hp model MU5000 used speed 1.25 m.s™ (Gear H1and 1500 rpm) showed that corn crops at
distances 20x75 and 25x75 cm, seeds sowing rates were 2.71 and 2.02 kgrai™ respectively.
Soybean crops at distances 15x50 and 20x50 ¢m, seeds sowing rates were 13.15 and 11.35 kg.rai™
respectively. Mung bean crops at distances 15x50 and 20x50 cm, seeds sowing rates were 7.15
and 6.02 kgrai' respectively. And peanuts crops at distances 20x50 and 25x50 cm, seeds
sowing rates were 19.6 and.155 kgrail. The result showed that the average accuracy of
automated control system for seed sowing rate was 92.93%. While fertilizers sowing rates were
set for corn, soybean, mung beans and peanuts at 50, 25, 25 and 25 kg.rai’. Fertilizers sowing
rates average were 45.98, 27.75, 27.47 and 30.15 kgrai' respectively. And the result showed
that the average accuracy of automated control system for fertilizers rate was 90.38 %. This
research demonstrated that an Automatic Variable Rate use on Seed Drills with Fertilizer
Applicators could set seed and fertilizer rates according to recommendation rates and plant

production technologies.
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Abstract

Peanut Combine Harvester with Automatic Control of Digger Leg Vibration Attached to a
Small Tractor for Seed Production using a 21 hp tractor. The nut chain is mounted parallel to
the tractor and has a set of knives under the chain. The peanut pod storage pickup is located
at the back. Prototype that doesn't shake the legs. have lower total loss than oscillating type It
is preferable to use the L2 gear at 1,000 or 1,200 rpm, which has a total loss in the range of 9%
- 11.8%, but losses from unearthed pods, pod fall on the ground and breakage are minimal.
Fuel consumption 2.31 liters / rai, spatial efficiency 83.33%, break-even point (BEP) equal to
45.29
rai / year, if there is a contract of 200 rai / year at the contract price of about 800 baht / rai, the
minimum number of days The required work time is 17 days per year; payback period 1.55

years.
Ui (Introduction)
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Design and Development of Heat Pump Dryer System for Soybean Seeds Drying
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Abstract

The Research and’development of the heat pump drying system aimed to reduce
moisture in soybeans. This study-was designed to scale the prototype of the drying chamber to
2.8 x 2.5 x 2.3 m (width x length x height). The heat pump system testing for the soybean seeds
drying was determined high pressure of refrigerant have 3 levels of 200 psi, 250 psi and 300 psi.
The result showed that the temperature and relative humidity in the drying chamber ranged
from 30 to 34°C; 38 to 40 %RH, 36 to 40°C; 35 to 38 %RH and 40 to 46°C; 32 to 36 %RH
respectively. The high pressure of the 250psi refrigerant was the optimal high pressure for
temperature and relative humidity control in the drying chamber for drying soybeans. The
suitable conditions of heat pump dryer compared to hot air oven and sun drying (control) on
qualities of soybean seed cv. Chiangmai 60 were studied. The drying soybean seeds from initial
moisture between 16.93 - 19.58% to final moisture of 10.90 - 10.96% (w.b.) was conducted by
three drying methods. The drying time of heat pump dryer (HP) and sun drying were 5 hours,
and drying temperature in a range of 37.4-41.9 °C for HP and 40.5-44.3°C for sun drying.
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However, the longer drying time for 10 h was found in hot air oven (HA) due to the lower drying
temperature between 37.0-40.1 °C. The highest standard germination by 56.0% found in HP
method, followed by sundry and HA methods that were 51.0% and 50.0% respectively. Dried
soybean seeds, thereafter, were stored at room temperature for 4 months in order to
investigate the changes of their qualities during storage. All drying methods did not affect to
moisture content of dried seeds that mostly unchanged and showed between 9.12-10.79%
during storage. After 4 months of storage, the highest standard germination and germination
after accelerated aging of dried seeds were revealed in HP followed by HA and sundry methods
that was 42.8% and 22.5%, 31.3% and 16.5%, and 31.0% and 10.8%, respectively. The research
could be concluded that the HP method slightly affects to seed quality changes both after
drying and during storage compared to other methods. Therefore; the HP at temperature
between 37.4-41.9°C for 5 hours is suitable method and condition for soybean seed drying to
desirable level and could introduce instead of sun drying. Moreover, an economic valuation
assessment for investing the heat pump system for the soybean seeds drying showed that the
cost of seeds drying production capacity at 20, 30, 40 and 50 tons/year was 3.65, 2.73, 2.28 and
2.0 baht/kg dry respectively.
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Recommended Dryeration Air-
Densitv, flow Rate, m%ls per cubic metre

Crop kg/m? per honr drver capacity
Barley 768 0.17
Com 896 0.20
Dunum 960 021
Edible beans 960 021
Flaxseeds 896 020
Millet 800 018
Oats 512 0.11
Rye £96 020
Sorghum 826 020
Soybeans 60 021
MNoneil sunflower seeds 384 0.08
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Hard red spring wheat 960 021

Note: Basic airsohmme 15 .80 m¥ ks

41 - ASHRAE (1999)
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Souilanwagiduiennussuunsianuduluudale (Mechanical Vapour Compression System) 13
nsUszenaldnulaenilulueiesuueinia seduiisasduanuioussidenlduslovianauaing
Soudunanuaraivangumgiauanuseunnuiiuaudu daudsenaunisinundnvestuniiy

Sou Usenaumendll AIuandlunIng 3.2

- SnaLsmesutenaney (Evaporator) Vimidinsainudeuninaieuenidigriastuainy

Sou. lnansianuiduianuduiuazaungiiinningamgiinieusnazfisniuiouainatguenuas

9

Wasuanuzule
- ABULWIAYRS (Coompressor) vimiiiiiuausuliansvhanuduluanuslofigamgiisn

WianuiuargamgiaiunitneueniazdwiolUunnounuiges

a

- ABULALLYS (Condenser) YiuthiiszuieanusauanasianuduinuiuLay gyl

Y

ainIneuen vbiasianudulasuaouziluveanaifinnudvadlane s ndunuduands

. 1ONFUNWUTUINEL (Expansion valve) shwiinfianmnusuvesansianuduieteulsiiud

MNBLSLADS

Deliverad heat out

icity i High-pressure
Electricity in gvagaw High-pressure
Gondenser liquid

Compressor
hdotor
Low-pressure Low-pressure
vapour liquid
Waste heat in

A 3.2 Jpinsnisvinuvesssuuluaiuieu

07 ATUTAUINAR VAL ULAE YN ENENU (2552)

3. NANN5N19UVBIUNANSDU

nsvieuvestuauseuaunsaldusyloviainanuieuinunaiausouilaungiin wu

Y

a

aufeuluene ieunasanuiouiigydedsliansaindualtldhenssuaunmsuaniuasuay
Younuunfuninlviiguvgigsdusuannsoiindualdld lussuuduainufouialudaiian cop
(Heating) 1nn3wsawindu 3 Saduldanndsulniiideudnlufineumsawesidies 1 du awnse
as1emudeuldts 3 dau Tnendsnuarudoudn 2 dursfananeimavdodaindonneuen fiy

Juaufoudadumalulad niuszans I na1undsuasdInsun1svinnusou Lazaiu1saiiiun
u

64



Uszgndlilunisnszuiunsviaueeg Tiud msudmihdoudmiunssuiunsdelulssnugaamngsy
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wWith Meating o Valve
’,‘( -
! 2 3 J
16.Control Panal with
| - Ca- R‘- Ternperature and
12.00eck Vatve 7 Schenoid Murnidity Controllor
14Low Pressure 1506¢h Prevre Velve G: 6. Stop Valve
> Gauge
Insulation (‘.q’{' m ¢ 2Ax Cooled Condenser
{ ) el - 'gj' wih irvverter for Fan speed
] Controd :
13.0us Pressre : 2= g @  ssight Glass
Contrdl 11.50kencid Valve s — )
- ’* -
o o A FNter Drywr
A | -

'Y £ .1' p—i - 2 =
H ']i 1’ . l_ J x:Ié1 Jgjf‘:

el

10 Accurmdaton 1. Compressor 3. Recedver Tank

A 3.6 szuueELUsEENAINTENN1SYBsTTULTN WS D1

U1 2 1UUBAZANE (2560)
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52108U35n15938  (Research Methodology)

fanssud Loanuuukasiauszuudunudoudmsunisanaududaiugiamaes

gunsal

10.  AeMmsAWDsIUIN 5 usah wieugUnsalszuuiatesinAuidy

1. rodifuuazrodedoudmiussuuiunuiou

12, gunsaimuaugangiivessruuiuemutou

13, widsauanfuaudounia PU Foam v 2 i

14.  gunsalinszuulnih

15. dnsfletiufindoya sungiuazanutudsinsussannia
/s

6V

1. 99NLUUSEUULASDIANANLTUMILITNSIAAINNSDURULUNAINLS DU

2. 90NLUUTEUUTLANNSDUA S UNITanANLTwLAAN LS mEDe Tnetlitauludniunisan

]
[

AUTLAR WAANUGTAILTUTUAY 18-20 %w.b. wadvinasannudulivde 11 %w.b. uazaunsn
anANFWLAnRugle 250 Alansuse 1 sou lagldssegnalunisananudulssuia 10 49lus
gauniiviesaueglusening 35-43°C uazanuguduinsnigluviosau 25-35 %RH lneilgunsailuns
° ) P ¢ 2 ¢ ) I3 . s =

YNNUNANG AD ABILNWSALYDS (Compressor) BnglUutuINgl (Expansion Valve) aaaaigu (Cooler
Unit) Aade5ou (Condenser) kazwnimausoudmivanainuduuaanug Ineaiuisoa1uignis

ONLUUTEUUTNANUSDUlARIELNISTA 1709 5

aunsAWINUMINAATe T LUAATUTAINANNIUNFBINTS

100 —M;
W, = W, (—l) (1)
f P \1o0-mp
do W, Ao uwilnwdaiugudinisanaiuau (ko)
I S Y < v 61 &
W, Ao dwinwdaiugneunsannnuiiu (kg
M, fle Anuduwdeiugiifesns (%w.b.)
M, fo  ANUTWLAATUIENAY (%w.b.)

3

s

AUNNTATUIMUSUN AN NIFDINTL D NINNLUBANUS

aunIAIIAeRIINISIEIMEYIINahNisenanuanug

68



o))}
©

o))}
©

_ {mu.']

= — (3)

w #

USUUN TR DIN552LA8DN (KSyater)
9RIINTILALVDIUTUIUUN (Kgyate/NT)

SEeANNIUNTANAINNTY (hr)

aun1sAmuiIndsunaaunlglunisanmnuTu

Q,

D Db Db IDb
© © © ©

o))}
©

o) (@)

Mg = { wf—wl-:I

4

1naveseNARLFluATaRANLTY (kgs/hr)
SnsSunaniiidesnisemeeen (kQuate/hI)
é’mm'l?iaumm%uéuaqmmwé’qmiaﬂmm%u (KSuater/KSaryair)
SARsEIUAA LB ID N ARBUNISANAT AT (KSyater/KSryeir)
AUUUILLUYBIRINA (Kg/m?)

Ysuaauisasiulunisanainuau (m3/hr)

wahUsunaannaesldlunisasmauuilaannisarualuldninids Compressor 183

syuvtuauseuniglusinsu Psychometrics Chart

3. ahsnuluugeuwagszuulumnuseuluresljUianisvesantuideinunsimn sy

4. NPADUMANILNTYINUMMINzaNvesszuuluaIusou Tnslunisneasuillanivunaa

AUSIAURUES (Hight Pressure) wasszuuvinauduld 3 sedu @ie 200 psi 250 psi waz 300 psi ka7

Juiinnan15nAaeandtl AmsInuAe (Low pressure) Way gaungiluazAanududuimsnieslugeu

5. AATIAANUANAMIUATYAARS

flanssui 2 msfinwuaznaaeunaMWaMTUTIIWEBINNITaRANTWAT o UKUUTLM WS oY

nsNaaall 2.1 NsANYILAzNAdUATDIanANTUL LTINS DU DA NINAATUGALMERN

Yupaui 1 NMSANYITLELIAIMMLIYANTDLATIRULUUTNANNTRURBNTARAUTUR UG INT D

danldlunisneany

1. 1A309ARAMUTULUUTUAINUSDUY

2. wiaugamdosiudiledind 60 (ANUTUSTHIN 15-20%)

[y

3. QUNIAIEMSUNAABUAIUIENUAZAI LU SIVBIUARANUG

LUUAZATNITNAABY
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TNUNUNITNARBILUY CRD 91U 3 N5UTB 4 U1 Usenausie
aca & v = & Y A a =~
353357 1 anmnuduslgiaTeseuwuulumusauigumil 35-40 asrmiwalgya
N35157 2 anANUTUMILIATERUANTBUNRM I 35-40 Bariwalded
acal & v A
351357 3 anANuTUMIBUEIDTIRY (YAAIUAL)
ad a wa
29U UANTIINAADY
° 2w s A A & = & b %
1. duudaiugiuvaesiinudu 15-20% 1easluaiaveaeiasannnuduuuuidunnuiouuas

=

LuuLAsetaUaNsou InguAas iU aNaANugMUIUsTIIN 5 WURWAT 91NTUARALTULAARLSY

9

v [

gl 35-38 adFATua AUNTENUNGANUGTAINLTUDYTENTIN 10-11%

q
[

<

2, ﬁuﬁﬂqmmﬁLLawiaﬁ]aaumm%umamﬁuﬂm‘hmauﬁ 1 uaw 2 vesusardu duay 3 qn
uazduiinszernanfiannutumdaiugivde 10-11% wb.

3. pyRdeUANAMIAATUS N enEINIsanANEY el Auuandid ALEY Ausen
UINTFIU LALANIBNAIENAINITLIIONY

4. neauNANATINTY (moisture test) Tneviudaiudinuametugheiasun daimidn
0.5+0.5 n3usinsn sudedouausouiigamgd 103 esmuuaidea svaznm 17 Falus tilully
Iagmmwﬁuﬂismm 30 17 A vindivnelu seeunaiutesas (ISTA, 2018)

5. INABUMAIIINBNUIATFIU (standard germination) Ynnsimzwdalunsievaaey 911w
4 §19 ay 100 wén Auliluieameanuengamniady 20-30 ssriwaia Ussidiuriaeniiony 8
T (ISTA, 2018)

6. m'il,'i'ﬂa”lﬁg (accelerated aging test) Iﬂaﬁﬂmﬁﬂlﬂﬁﬂmqﬁqmwgﬁ 41 DFLEaLTYE mm%u
duindSeag 982 \uiian 72 4lud (Hampton and Tekrony, 1995) $1u3u 100 wEaresn Woasu
AU WA lUMIZANRNANLIENINAGB UAILIBNLIATEI

7. MIREBUAULANET IndeumMe3Tounenda axdan (Indoxyl acetate test) lnan1sguLan
Wugduau 4 41 91082000080 utluamsaraeBunenda oxBiam ardudu 0.1% ({sdunenda exd
wn 1 n5u avatelueiialeanaged (ethyl alcohol) 10%; lefiaueanaged 100 Haaans Futnauy
900 fiadans) 1uian 5-10 il ansazanseen AdVuisienszuINEvIansEAAY 4-5 wil

aouvndl 43 asAmwaea nuuudanRaalduawal @IanAnsan Uz dunAInsaueUn) Ui

drayuueuluieligu Tdaasluwinuia Inglllidddudaduwdaiuglaenss Uneliadn wouluileazyh
Ufseiudunendaesdem Adnlugsesunndnveamaniiug sesunninazusngduntiudes vseu

Y

a

Fuin Jufindunuudaifng
8. Wasgviveyanivaialagld analysis of variance waglUSguEUALLANAIYBIALRALGIY
Duncun’s Multiple Range Test
v = Y
nstuiindaya

1. MNUTU (Mmoisture test)
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2. MNNIDNNINTFIU (standard germination)
3. m’iLi'\iEJ’lq (accelerated aging test)

4. ANULANS?

v [
(4 =

Tunaudl 2 msfinvinavesaiesanautusuutiienufeulazuuuiniosouaufouionmn LG
wugivdedusgninenisiiugng
WUUKAEISN1MARBY

TNUHLNISYIARDILUY CRD 117U 3 n333735 4 91 Usznaudg

n35uAEd 1 annenisanautudieeieseunuuduaudou

n33uBi 2 anmznisanaTudueiosounuUaNSDY

n35uAET 3 anAnutudenaseiing (greauA)

FBUHUANIVIAADS

1. thiudausiundosfianudu 15-20% vanmnutunuanas fvsngauaindunoud 1
unsgasdeiugiienntuogsening 10-11%

2. (hufingaunguaznsaaeuanutuiaiusludunaudl 1 uay 2 vesudazdu duay 3 qn
uaztuiinszernanfiannutumdaiugivie 10-11%

3. Mnduthudaiusmevdinsaneutuuussldasndiedidu s1uau 1 Alandusions i
Snwnfigaumndl 2042 ssrwaldea Wunan 6 ey

4. amndpUAmMA NI EmTLS foukar ST ImaLfusnwIYN g 1 Weu WWunan 4-6 Weu dail
ATIALANSTY (MAABUNIBMEINITANAITITL) AANNTY ATIANBNLIATIU UAYAININDNNIENAINITITS
91y

5. MINABUMAIINBNNATFIN (standard germination) YNsimzwdalunsevagey 9113
a4 61?’16] av 100 Lan Lﬁulﬂuﬁaawamﬂmaﬂqmmﬁaé’u 20-30 DaAYALTEE UizLﬁum’]maﬂﬁmq 8
T (ISTA, 2018)

6. 1313987 (accelerated aging test) Ingvudnluissansfigamadl 41 ssmieadea arwity
SuinZovay 98+21Juran 72 $2lus (Hampton and Tekrony, 1995) $1uau 100 winsed Weasu
AU WA lUmneANUeNANNIBNINAGE UAINIBNLIRTE I

7. MINABUANLANSTY NdOUMIETSBUADNTa axEem (Indoxyl acetate test) lagn13duLuan
sS4 91 Hhay 100 wia urluasazanedusenda sxdom anududu 0.1% (@¥dunonda ovd
w1 n3u avanelulefiaweanssed (ethyl alcohol) 10%; efiaueanegea 100 fadans duthndu
900 fadans) Wura 5-10 3unfl nansazarseen Avliwisionsyaumevidensyaiwdu 4-5 w1l 9

1 %4 ¥

a = o o & ot 1 ::4 A & Y Y a °
&Wiﬂ“ll 43 p3ANaLsyd ﬁ]qﬂuuuqLN@@WN\‘]LLa’ﬂﬁSU'JWLLﬂ'] (IALLNINTDANVULTILUULNINTBUNIUA) U

9
drayuueuluileligy Tdaasluwiaui Inglilidddudaduudaiuglaenss Yneliadn wouluilleazyih

9
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Uffseniudunandaesdinn Midilugsesunninvesudniug seauwnniazusngdududes wiein
a ] V=1 o & da o
KU Tuinduuuannfnd

8. Wasgviveyanivaialagly analysis of variance waglUSguEUALLANAYBIALRAYGIY
Duncun’s Multiple Range Test

L=l v

nstuiindaya
1. gauniluazAnududuivsvesganauTy
2. mstgliieIasziuTunansltnduuressruutuausou
3. BATINITAIAINTU (Moisture Condensation Rate, MCR)
4. 9NTINTAIANTUINNIE (Specific Moisture Condensation Rate, SMCR )
5. ANNAULUABINSNUTUNE (Specific Energy Consumption, SEC)

6. ATUSTANSNINVBILATBIANAINTU (Dehumidification Efficiency)

STYLLIAHALANTUNATUIY
szggananiuny 1 aanau 2562 s 31 Sunau 2564
A0TUNATUITY A0UUITYNUATIAINTTY, @ué‘ié’f&mwﬁmmimammu

AugIdBwas i waaiugiivivalan

Audideuazimuidaiugiivreuuwnu

9

NANN5IUAZNUSI8NE

fanssudl 1eonuuukaziaunszuulnmiudoudmiunisanauduLaniugaandes

1. NANT59BNLUUITLUULAIDIANAMNUTUAILASTNIT AU aURUUUNAINNS DU

lun1segnuuutiainusoutl (Heat Pump) aveanuuutiielilaoiniafiuisneudrlusuiudn

v L3

ftusivannisvhaiude Tenndluaiunedeibu (Evaporator) ielfuiavesletiAanisemuutiuni
ndueonunduneaiudilianudulueiniaanas uagndenniulionalnaiiunededou
(Condenser) tafiuaufoulituainia villdenafiuisluanaufusdaiuiiin winnisvos
sruuiannsnnuaueInIAfigungl 35-42 °C uazAuTULTIS 10-209%RH Fuduauiimanzauiy
MsanANLTuLEnuginEotesnads
N1309NUULTDITFUUARANATL uimSii alilFan1nzernanuiidesnistuasfesode
nanAsNUNUNAMENURUR R INA Tnefiszuvanauiutuarendenismuniurasiotluainie
Tnefidnuagnisvieuie Woomadudatuarnduiifigumgfvinduriosnitgungd a gauiéna

v 6

(Dew point temperature) ¥8981n11e lourunsdIufazndumeenuduvewavnlinududuing

72



YaI0IMAANaT AULANANSEWITaNLRITilEansT UL umNEeu (Heat Pump) Auaudeuiildan
widgsiufinmufeuain uia tifu Samesludh Ao matsauiougumnifiviiu aufou 1xd
Aududiingueseniagendt auwis v duaadunndl 3.7 Ssmnduduimsyeseinetasing
soUszAnEnmueInIsanATuLAsTusuararduiusfuauduaunaveuuln Ssazanunsaviili

NAINITANANUTUANAILA

A 3.7 wunillalaswning (Psychrometric chart) WERIATNLANASTEVIN AU UauTou

flun: ASHRAE (1998)

o

Tuduvesnisesnuuussuutiunnudeuiidiudsenouvesgunsaifididy fe Aoumsaises
AouAULYeS BNFuUuTuINGd waznedeadn dvdnnsvincuduanslunmil 3.8 nanie Tdinaugels
onalvariunodefuieunarrdsanttonimazusitunede oudsenimaziini svenesnilainy
muuuYeIeIMAanas Tedsarilioamndasiunarautuduivsanas Jeldanzennmaiuuuuen
uis Tneszuuiluaufeutieaugunisiauuuussuudaludf® Weliaunsomuaunisinures
wpsanldnudesnauasdaanusiudifias Sannsaneutusiaiusfivassnadideedosiinanay
annsndiuszudananldidoisuiisutunisaneutudieuauan sruneauazaInl gl

wasAndNTslidmananIuIen ANuLduskareIensiusnvveLdniugivnsznada

Reversing Valve

Inside Heat Exchanger Outside Heat Exchanger

NSO

Hot
Air

Cool

Air

ap
—_
—
-
—_

Vb

X

Seen — e
Bypass | Second Vapor & @) Compressed Bypass | First

Valve | Thermal
Expansior
lalve

PO
Valve | Thermal
Refrigerant Vapor
Expansion e 200

Valve Compressor

<+— Liquid Refrigerant

ﬂ']‘Wﬁ 3.8 igUU%Nﬂ’nu%’@u
flan: trueHVAC (2556)
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[

2. Wan1senLuUUsEUUdLAIMuSaudniunITanANuTUAARUSAWARY

9
1 g

nndeulvdmiunisanaiudude winiusiauduiEudu 18-20 %wb. wdwinisan
AuTulinde 11 %w.b. uaranunsnanauiumdaiugly 250 Alansusie 1 sou neldsvezinaily
sanAutuUTEI 12 Falus gumpivesouagluseming 35-43°C waganutuduimsaeluiesey
25-35 %RH kagannisAwalagnislidgaantfivesenianiuwnug i Psychometrics Chart ¥l

TANANIIAIUIAILEASTUANSIN 5 FIUSUIUANNADINT A NS UNNTARAMUTUWINAY 707.98 m/hr

o o a 9 v o o & [ ) A
A151991 3.5 NaN1TAMILIUINUSINMANRIRE RS UNITARANUTULLAAN LT ILME DY

araudi 31YAZLDYN NANITATUIN niae
1 dhminsudy 250 kg
2 thwilnaarie 230.34 kg
3 TV AR 18 %(wb.)
4 ATtugaTheTes 11 %(wb.)
5 gaumnienaildouuri 38 °C
6 muRudTmSo ATl dauLs 35 %RH
7 AdnsduAITY (w) 0.0125 kg (water) /kg (dry air)
8 ANMIUNUILUYBIDINA (P) 1.129 kg/m?
9 QNI INANEIDUUY 35 °C
10 AL LSS N A UK 45 9%RH
11 ASns ATy (wy) 0.0166 kg (water) /kg (dry air)
12 QNN TeINALINREY 30 °C
13 AL LTSI ALInd: 70 %RH
14 AT ULR 12 hr
15 Usinanhiigesnssemeesnann Product 19.66 kg (water)
16 Sasnssyvetneanain Product 3.28 kg (water) / hr
Uunaandidasldlunisauuia 707.98 m?/ hr

ynuanmIAaUiaeuiideddduiunisanmnudumaaiugavdesdudrsiudarintu
707.98 m*/hr vi3euseau 417 cfm andudalativsinuauninanunldmuiaminisgnsyianudy
vpsnadulfulazruinnedesourassruuduanusoulagldlusunsy Psychometrics Chart 96an1s
o v [ [ & }% a1 [
Amuladlan1n1TENIsANUEuTRIRLINTALE RS lussUUUNANNSoUTANINAY 7.53 KW Lagtu1nved

ADAYSAUWINAU 8.23 kW
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3. wansadedunuugeunazszuutuanudou
MNHANIINLUUFanALT UL EnTuSTwEes Felddidumsaaundosiunuuludiuvesd
aneuduauandlunwdl 3.9 lnedseasBondd
1. YUIANBUBNTDIHBU 1.8 x 2.5 x 2.3 AT (N4 x 817 X a9)

2. auwuriisdouduliy PU (Polyurethane Foam) Aaumun 2 13

a . o 41' v o & o so 4
AINN 3.9 Naﬂ’]iai’]qLﬂi@qWULLUU@jamﬂ’NQJ%ULNaWWUQQULwa@q

nan1saaniesduuuuludiuvonedonianuudmivssuudunuiou annisadagan
ATIIUTUIN 1.8 x 2.5 x 2.3 WnT (1513 x 872 ¥49) Feldiidunisaissuuiuaoudsssud
panlndifuszuuuuy (Hydro Heat pump) Ao naslwmeumnsawesviindunou Tneld shell and
Tube Wuiuanivdsunmdousswivarshaubuiuviudlitudahluseededusniinis unu
sdmansvhanuBusnudnuULiuaId (Direct Expansion valve) lilUlunsdeifulasnss davamai
oonuuuliszuuiunnufeuliiduiedosiulaliussiudius (Low pressure) vosszuuguiuly dq
wdNalusIFuF1Lgs (High pressure) getiumuludng uaveravhliineumsawosvhauminauiuly
(Over load) Fauanausuasasszuvlunmil 3.10 wagnanisaiieszuudunudounuy Hydro Heat

pump Sauandbunanil 3.11
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[ 2

| 4 | 5 | B

Connect to Hum. Controller for Humidity ~ ©

Connect to Temp. Controller for Room temp .

16.Temperature &
Humidity Sensor

) & 4 o ¢
WUUUSENBUSEUU Heat Pump ﬁﬂnsuaﬂm‘m‘nuwamwuq
(gomgiives 32-43°C, AnAUAINS 15-30%RH)

17.Control Panel with
Temperature and
Humidity Controllor

@

=t

=

11. Air Handling Unit
(AHU)

13.Low Pressure  14.High Pressure
Gauge Gauge

llsula(ion

12.Dual Pr¢ssure
L

1. Compressor

9. Shell and tube

7. Solenoid

8. Expansion Valve

Valve

@ 6. Stop Valve

10. Water pump

& s.sight Glass

2.Air Cooled Condenser

15. High Pressure
Control

9 4.Filter Dryer

aomiiduineasimnis
AT

Compressor

High — Low Pressure control
And
High — Low Pressure gauge

Air cooled condenser

it 3.11 szuutiuanudeusuy Hydro Heat pump

4. NaMSNAFIUMNEN1IZNSTIN UMz duvasszuuUNANSou

MsnAdeLInanIInIsIeuldimunsae st udiugs (Hight Pressure) Ua9suushAaL
Buls 3 sy Ao 200 psi 250 psi war 300 psi WS TuTinHaNINARDIN 1) ATusaTud T
(Low pressure) 2) grungiiuasanutudiiviniglugou Tnsanuanismageunuin fusadudiugs 200
250 uay 300 psi Slussfusuiusiniy 60 70 uaz 80 psi muady Tgumgianslusiesoglurig 30-
34°C, 36-00°C WAy 42-46°C ANEFTU TANUTUFUTNSYINTY 38-00 %RH, 35-38 %RH WAy 32-36

9%RH AuAIAY Aakanslun13en 6 Fanuansedeukandlitiug Ausaiuiiugasindu 250 psi iy
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(Shell and Tube)

Expansion Valve

Solenoid Valve

Water pump



LsfuanMENIIIUTmuIsauvesssuvduausaudmiunisanauiuudaiugnmies laed

gaunniuarAuTudIinsaeludeuwintiu 36-40 °C uay 35-38 %RH MUY fakanslunIni 3.18

M50 3.6 HANTVIARDUANI¥NTTNIMUTIINEANUBsE UL LA LS OUTIL SR UAUGeSEAURN)

UsIRUAIUES wsauFun gaumgiinulug AL udNS
(pisg) (pisg) ) (%RH)
200 60 30-34 38-40
250 70 36-40 35-38
300 80 42-46 32-36

5. KANTTIATINANUANAMIUATEFANENS

= ¥ L4

nsanANRLLARTUgIImERIsfauluuTuauiow Wt in1sinsgiauduAmNg

[ @ % Ql' £ U [ lej
iAsugAnans Iaeanunsawenidudunuesiuas dunuUsiudsil

1. AunuAIvanefeaunuinngfife 51A190R3899N5 s UTENaUME SEUUMIAMULEY
dwmsuluanudou wlwisadu gamuaun1svinnuluudaluia saudeanldaelunisusznaunazings
LATDITNT TITIMAUUAITLALTINKAIUTENIDL 500,000:01W wazdionensldeu 10 U

2. sunusUsiuninefiaiununudsuitasiuauusinanistdause Ammasulniuay
| 1 o d" (v d' [ 4! ¥ ¥ @ o v I3 [ I3 v 6 & dy £ [ d‘
AgauUngLieglasnyIATednT Fsuwuuieududmiunuinwiudaiusivilindanulniiaie
9.87 wre/Hlaa Andnlriflnadeyszanns 3.5 vIn/miie FeanunsnannuTuLanugIwvEeld 250
nn./50u wagldarsevas 6 Wlug AnduaAmdsaulniiede 0.91 vin/nnuis uagaA1geuUl
Useatadeuseunn 5,000 un/A

dloUssidiunuduailasAuyunisnisannudumdaiugaindesiedouwuuduniuiouns

AuUAILazALYUIUTRY Weldlunisiansandseneunisinduladenldaudeuiuuduainuiou
WU NIA89N1IWER 20, 30, 40 war 50 fiw/U daununisidaudevwuuluainuieudmsunisan

PNUTUAATUGIIMRDLYINAY 3.65, 2.73, 2.28 Uay 2 UIN/NN.UI AIUEIRY

Aanssufi 2

1. wamsﬁﬂmuazmaauLﬂ%‘aaammm%mwu%umm%fawia@mmwme‘mﬁuﬁ:ﬁam%aq
miﬁﬂmaﬂmﬁmmzamaqLﬂ%laqammms??w,wu%mmm%fawia@mmwLuﬁmﬁuﬁ:ﬁ"amﬁmﬁui

Fodluy 60 Wisuouiuedsseuaudeutarnsanauiudisuaeing Tnesudunis a andu

LY

a [ =3 v A a [ ] [ v s I v & a ]
LNYHIIAINTIU LLa%@u&J'ﬂ*’\]ﬂLL@%WWUWLN&@WUQW‘UW‘H&}IEW ‘Vl’]ﬂ’ﬁ?jllLN@@WU@O?LW&@QWUQL%S&%M 60

'
v [y

Frauaegaaul 2563 ngdgninnsnging - dwnau 2563 o wuaiwdnwaniugiuviies duariue
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&

ne 81neuoy Janinuiu NuNEITERinataN - wgAINIBY 2563 AIAUTULAANUTAIUADY

]

NNAINSAUNEIRETENIN 16.93-19.58% anuusliunisuusiegiuiioanninududaiuglie

Y

Tud29 10-11% fgiasesanAuduLUUTNAIL5oU (Heat Pump Dryer; HP) 1a3agauansou (Hot Air
Oven; HA) wazlasa19ind (Sun drying) 1ugaAiuAN HaN1INAaeINYI1 N15aARNNTUAIY HP 14

szez4181 5 9alu Tun1sanmnuTuwdaiugan 16.93% W 10.90% laeaumglivazanninuiuiia

581119 37.4-41.9°C dnsunisananuausie HA Tdszeziian 10 talus Tunisanminuaduann 17.55%

(%
A ¥ a
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Drying Method Drying Drying MC before MC after
Temperature (°C) Time (hours) Drying (%) Drying (%)
Heat Pump Dryer 37.4-41.9 5 16.93 10.90
Hot Air Oven 37.0-40.1 10 17.55 10.96
Sundry 40.5-44.3 5 19.58 10.91
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Heat Pump Dryer 11a 9.12c 56.0a 24.5
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Sundry 8ab 10.31a 51.0ab 21.8
CV (%) 35.9 1.49 13.35 2292
F-test * ** * ns

°

anewe; Tukunfgiiuadeiauimesnysmiieuiuliunndnivegdiduddynadiafseduanudedu 95%
19e/35 DMRT

o o

AN5199 3.9 WesiudamnuTuraLNAnuS AR uSRedlrl 60 NENEINITANAINLTUAILLATDIDU

9 9

Ca %

wuutuenudeu devausou uaziaenfing udnnusinwneamgiivienduna 4 weu

80



Drying % Moisture during storage (months) (M)

Methods (D) 0 1 2 3 4 Mean D
Heat Pump 9.12cC 9.30cAB 9.26¢B 9.37cA 9.16cC 9.24c
Hot Air Oven 9.69bAB 9.63bBC 9.71bAB 9.76bA 9.58bC 9.67b
Sundry 10.31aB 10.34aB 10.79aA 10.29aBC 10.21aC 10.39a
Mean M 9.71 9.76 9.92 9.80 9.65 9.77
CV (%) Months (M) 5.43
Drying (D) 1.49
F-test Months (M) ns
Drying (D) o
DxM **
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Drying % Standard Germination‘during storage (months) (M)
Methods (D) 0 1 2 3 il Mean D
Heat Pump 56.0aA 41.8B 41.0B 42.3B 42.8aB 44.8a
Hot Air Oven 50.0bA 40.5B 42.5B 36.3BC 31.3bC 40.1b
Sundry 51.0abA 42.3B 41.5B 32.8C 31.0bC 39.7b
Mean M 52.3A 41.58 41.78 37.1C 35.0C 41.5
CV (%) Months (M) 9.59
Drying (D) 13.35
F-test Months (M) **
Drying (D) *
DxM ns
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Drying % Germination after Accelerated aging during storage (months) (M)

Methods (D) 0 1 2 3 4 Mean D
Heat Pump 24.5 19.5a 25.8a 19.5a 22.5a 22.4a
Hot Air Oven 22.5 15.5ab 15.8b 14.8b 16.5b 17.0b
Sundry 21.8A 11.8bB 11.8bB 9.0cB 10.8cB 13.0c
Mean M 22.9A 15.6BC 17.88 14.4C 16.6BC 17.5
CV (%) Months (M) 18.44
Drying (D) 22.61
F-test Months (M) **
Drying (D) o
DxM ns
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Abstract

Research and development project of air pressure reducing dryer for soybean seed
drying. This research was divided into 2 research activities: 1) Design and development of air
pressure reducing dryer for soybean seed drying and 2) Testing of Soybean Seed Quality after
Drying by Reducing Air Pressure Dryer. Each activity has the following research results:

Air pressure reducing dryer for soybean seed moisture dehumidification has 3 main
components: 1. Vacuum drying chamber 2. Heat source 3. Vacuum pump. Preliminary design
The drying chamber is cylindrical, diameter 0.75 m, length 1.2 m, thickness 6 mm. There are
shelves made of stainless steel, size width x length 0.50 x 1.00 meters, 4 trays. The heat source
is 4 round bars of 1000 watt heater and use a water jet vacuum pump. The results of the
dehumidification drying test of peanut seeds with an initial moisture content of 34.15% using a
temperature of 40 °C and a negative pressure of 650 mmHg. The moisture content of peanut
seeds after drying was 11.50, 7.40 and 4.50 % wet standard, respectively. The testing of the

germination of soybean seeds after dehumidification in all 3 cases, it was found that the
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germination rate was close to and higher than the control sample value. The drying chamber
was enlarged to have a square shape, width x length x height 1.20 x 1.20 x 1.20 meters. The
shelf is a stainless steel grid, size width x length 0.75 x 1.00 meters, 7 trays to contain more
soybean seeds.

Testing of soybean seed quality after drying by air pressure reducing dryer was tested in
2 cases. The case 1 was soybean seed with humidity increase and case 2 was soybean seeds
with high moisture content from farmer's fields. The factors that set the dehumidification
setting are temperature and negative air pressure. In the test case 1, increasing the moisture
content of soybean seeds from the initial humidity of 10 percent increased to 13.60, 17.50 and
23.40 percent. Dehumidification was done at a temperature of 38 degrees Celsius and a
negative pressure of 650 mmHg. The moisture content was decreased to 7.50, 4.00 and 2.50
percent respectively. The germination test was performed on all. 3 samples. The germination
results were similar to those used for control sample. Thus, it can be concluded that
dehumidification with a dehumidification dryer is highly feasible. The case 2 was tested using
soybean seeds with moisture content from 3 farmers' fields with initial humidity 15.20, 16.40
and 17.20 percent. Dehumidification was dried. by reducing air pressure dryer at 38 °C at air
pressure negative 650 mm He. the moisture.content of soybean seed sample drops to 9.00,
9.70 and 10.00 percent respectively. The soybean seeds obtained after dehumidification were
stored in the refrigerator for 9 months, and then tested for quality analysis by considering
percentage of germination, vigor and seed damage. The results of the analysis that obtained
various values have notayet passed the assessment criteria. This may be due to the
imperfections of the obtained seeds or it may be caused by storage errors. Therefore, there

should be a new test-to have more clear information.
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1. wWesidusimuduninsgiuden (% moisture content wet basis) ANAFULIRIFIUTEN
dvsundnduales Aualugvesdndiulasiminvenihndeglundaduaimsmedminnunves
AR

My -Mg

My

Miyp (%) = x 100 (1)

W

2. WosidudnuTuuInIgIuwn (% moisture content dry basis) A2IUTUNINTFIUMIAS

dmsurdndaeilag Analugdvesdndiulaedminvesifieglundndueimsaiigunninuesaiauns

M,y -M
w_ ' d
Mg
Tagil Mo = eudusnsguden % (wb)
wb b
Mgp = AUBUAATS UL % (d.b.)
m, = alunvesing (kg
my = siauisesing (ke)

Tunensinuasteuldanuiueansgiudentunisnaniseanudu wilunsanagdnasdey
T IumuTuLInTFINLAS MsANLENTUSIENINIANTULRSEIWen (M) 4aEIMTFIY

LAY (Mdb)

Mdb

M, =
1+Mdb

(3)

wb

NFUIANTUNIATAVOINAANALNYATLTUAINATAIUIALINVDINARNALNBATUY 1ABNTT
wdegndananuaseuludauiigamgll 103°C WJunan 24 F3lue Wieaundiegeiieuaziiumin

Qq' & A %
A wazsAuauala g lagldannis
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m,, (t) —m
w d
M, 0 = ———2 @
m,y (t)
Tagil My (© = awtuasyudendinalag % (w.b.)
m,,, (0 - mavesHAANANYAITNA t (g)
My = UALNTOINAANALA YRS (g)

ANUTUALAA (equilibrium moisture content)
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dy U % s = d’lj U U s . .« e d! % a
ANUTFUANINSaunanaehia AuTUFUTNG (relative humidity) Feinlusguulaluanne
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& 9 o - 1 R T A R
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ANUSaULAY (latent heat)
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fsdnSuazane (2557) lIANYINITHAUITEINITANAIUTUTIIUT DN IUNQAEUNTTUA WA
afmunaudelagiu lnsavanunsauvinisananuiuddonsenlailu 2 wuuluegq fedufe nsan
AMuTutUdenuuUsTIuAziiunisananudulagerduaiusouainiasoingvindud an bl
gUasIArENITaRANNTUNINNEALATS kagnsanANtutIUieniaeldinsaseuniirzanduauiou
INUNAIAIUTOUTAINUATE 1TU LIRIMNAY HRIES9ausow WUkl aunsaeuwislannaniae
pInLdvaENuANUTalikawanos Lildssiuilunisnin n1sanaudutldanlaeltaies
v L gy v Ay o It & v o= v
gulituasamuaunNsanauduliegluseAuiidenisla Larldlunisanaudutiesdanilvd

Y a1 _aa a < & v & Aag v = Y] ! v o &
VBANINIBTITUYIN LATDIAN ﬁ'ﬁqllsﬁusﬂ'nLﬂa@ﬂmmi%ﬂqf\]uaﬁﬂf\]ﬁ‘]Uuaqm"ﬁﬂLL“U\T lﬂﬁaqﬂLLU‘U U

91



GRIBTILRT
S a 1 1 nd{ ra ] A U L 6V dl t74 1 %
daeyInnA FeUTunsvesreindelifiaansegniely wlleuduaudunianiouniiniueiu

ussgmaun o dluanuduasslianunseililiunnsvestesiniiadaildegsaunysalisendd

= a L 24 L3 6=

auyIneaNysal (perfect vacuum) Fefimnuduuiaduud aggyineauysadaluwuianufadl

LY a [

anusadunanisallalumeJon dnildndladnazandesnertunanisveasdluanauaiitaviineslsau
Tugayaynmauysal Ingldednanyiniawniayayiniaauysel wagldain gaainiauisdiu (partial

LR q

vacuum) WNUANUVIENEYRIEaINAIAYULARTY A9 4.2
AMNINYBIFY A INIA NU8RITEAUVDIEAIEIIU Ay INIAaNYTal AUAUYDIUAAT
wideegazgnldiluiiinnunmvesgyanimdundn lnenisialuniieness (1 Torr = 1 mm.Hg) %i3e
mhelealedu 9 Anudulianduristdosssnuneianun nigawniu duditazisulsduinsesin
[ a Y Y o ) [y aAaal A g Y = o 4
pantunenas ngufAisusulanmuaveund miununmeesanyInanffgaviandulule Fevinly
e lifivsunsvesresindlanasyinbi dugaaineldegauysal eanimduanmayyinand

ANNNEILATITUYIR wazdyINIANTAua ngsnItuaunsoainIulamewmalulaglagiu dmsu

gayanARN e Lagnlditen1sgakarNTULINIMAIENUTLAT

LR AR q

AUANIA Aa A998 AMUAY (pressure) AANTIAIMAL
UTTUMIA  (atmospheric’ prasswrd) AMAUTTAERENGIAMAY
UTIEINIAUARATENGT AV IWAUENNINIA (vacuum pressure, Fvac)

dolEanaunis

T3

I Gauge pressurs
| |

Pressure above atmospheric pressure

Atrnospheric

| Gauge pressurs-vacuum i

! _T_ Fressure below I

! WECUUMm
Abzolute prassure I

Y
|
1 Absolute zero pressure
_—
AT 4.2 FYyIne
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nguijiietesiudugygyinmawuuldnly
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s a . . M 44' A Y o A
aUNN3YBILUTYAT (Bernoulli’s equation) Aig auN1IN1SIATEUTIVEIVBLNAIINVTGAT Al
lgnindan A2 dsnnd 4.3

Wwudnsilnavodinag
annauAunteiune

o o ¢ a
AN 4.3 LLEdAsnan ﬂ']ﬁLL‘Uiléaa

aun1sUinann1331 nasunuavewevagudalilaluanneasiiiasusiaananudsaniu
% oay N 4
duflenasiliaue Aeaun1si 6
1 2 1 2
P+—Iv +Fgh =P +—=TIv ~+Igh, (6)
2 2
laed

P1, P2 0] AUAUYBIYR LA

I mnuruiuugewesiva (MuvuiwLtueesiil = 1000 kg/m3)

V1, v2 fe AnuSvesvediva
hi, h2 0] JEAUAIINES

G Ao Asaliung (9.81 m/s2)
Al , A2 0] Nudimdmvosvie

FANNMN 14 dunalaindinuadsenidvnieuiuing 101 A2 11nningedl Al
Wesanuinididavesnisluaanas (A, < A) Feilianunsalugedn A2 wWindu (v, > V) Tu

VULPLIAUANUUANGNVRIANUAUNYA A2 TunnI1gn AL (P, < Py)
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a
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nsanmnutulaglfiaiesouuiauuuanussfuorniadslifinnsdnuidelusdaiug daulug)
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52108u35n159398  (Research Methodology)
fanssudl 1 N1590NLUURAILILATEIOULUUAALSITUEIN AW UANAINTUIEATUGA NG DT

gunsal

2

1. Yugaysyrmiduuy water jet
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1.1 ¥099UaNANNTUNTBISUNILNITANLIIAUDINFALARILEA 500-700 dadlumnsusen
1.2 Yugeyqy el wuu water jet

1.3 unadniinmnusou
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2.2 eaeufivaniuInyey qimungay
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3. AATIZAUTLTUNANITINNUTBUATDIDURIINMUUAAKIIIUBINIA LAENISIONVBANGATUTN

Talunsvinaau
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5. AT URTNKUUAALIIAUBINTA
6. Whnugmaeviuleslu 60
ad
/N3
msveaeunudayaduuuy Factorial experiment 3 x 3 laeilun1s combination 2 Yadesaz 3
U =
JEAU Ad
Uaded 1 laud aaumgilumsanaiua 3 seau
1. 9aunQil 35 dervALTYd

unqil 40 parwaLgya

N
o)

3. gunqil 45 arwalgys

20

Jada9 2 ToA N15AALTIRUDINIA 3 SEAU
1. bS9AUBINAARAY 500 Uy UeN

2. L39AURINIFRARY 600 1. Usem
3. US9AURINIAaAas 700 uy.Usem
WUURnINAaes
o & o s A Aa & od & A a

LA UG UNARINTANUTUEUTN 15-20% W.b. Wanauduilgumall 35 40 uay 45
aergaliiEa laganusedueIniAas 500 600 Wag 700 Hadwasusen suanAuTWYINNTUUAN
SzEIANanANNTLLAAT USRS 10-11%

2. MntuhdeiugwnasIneuaINITanmNuNIUTIgnaleiidu Suau 1 Alansusege
fusnwiesaauan 20+2°C {Wua 6 Lo

@ v 6 ' & o A < A o &

3. ATvERUAMA MR USNDUKAL SENINISNUShYYN 1 ey 1Tunan 6 Weow Al Ay
WAN3TY (NAFRUNIETEINATARAINTU) AIUTU AINIBNIIATEIN Seuznaladelunisien wazamy
1BNNEMIINTSII0Y Tufingaumaiiseninmseuanaaduyndalan (maudsnstuiindeya)

v = ¥

nstudindeya

1. AT (moisture test)

2. ANUIBNNINIFIU (standard germination)

3. N3L3981Y (accelerated aging test)

4. A1AIULANITT

GRNINTIZAENIRREVRER

- AUATANIUT
JPULAINSALIUNTT SUAY fanau 2562 Augn  fueneu 2564

AUEITNATIAINTTUVRULAY Fuatuiy Suneilles Tarinvauunny
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Nan15IvewazanUsigna (Results and Discussion )
AANssuN 1
1. Naﬂ'ﬁaaﬂLL‘U‘ULﬂ%aﬂaULLUUaﬂLLiﬁﬁuaqﬂ'\ﬁ

AMSULATEIBUWRLUUAALIIAUDINA Yisen1Izddayania wisdulseneunaneanisiu

2 d@aumeiu Ao 1.1 @UY0909UWIAN 1.2 @1uvesUNagyInId Lansiann1sinaulaaining 4.5
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7598717 1.20 WA W59 UrMNMANBHUNLT 6 Taawns wazddiumuaviinevasdsaul udnuay
Thailomuudanss vnisesnuuuteemanduaidunszanlaisnasvunedurigudnans 0.20 wes
{ﬁauﬁmLﬂm—ﬂwsﬂé’aﬁ@wgulﬁaLLiaﬁgm&gﬁUﬁa ¥msoenuuutuIaznzunsldudnamaes

WausTRluftouie lngnzunseasduunn N9 x 817 0.52 x 1.00 AT FIn1Wi 4.6
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dlevinisesnuuuiaiawdiiwiifiunisadsdunuulae Suannisiudsdniidunsinszuen
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AN 4.8 nsUsEnaudseulmInulLg U1N1A water jet WaiqﬂLaSQaﬂJuiﬂJLLaﬁ
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d' a a [ 1% 19 4:4' I ' %
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2. NAaN1SNAFRULUDIAU

yhmsnadeubesiuleiosounuuanusifunInafuLuuiadistudmiunseuanaiuty us
dosmnudaiusiumdestnafidesnsnasuldansovsdaiugiundosit anutugs 304
dasunihmsmesouuny Jadufivasygaiiiianudesnsiglfimaluladlunisudnms afusidudy
Tngldidaasiinan anaudududu 34.15 Wedeusunsguden lnsgamgiifldlumsouanautiu
40 psmiwadea mufuoINIFanasT 650 TaRumsUson Fanmil 4.10 uarlunsinAnutureasde

U a o < ¥ v A [y & [ v o d‘
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AN 1.10 NMSNAFBUBUAAANNIUENDIRFINIYLATOIBUAALIIAUBIANA

AN 4.11 NMSUNLLUAANIEAILIAAIANTU

|
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A15199 4.2 LEAAIHANNTBUARAIULTUNILLATBIDULUUANLIINUBINIALALNANITAINLAINNII A

EORENGH AT IELAT DD UARLSIT NN A ANWAARIAY
AT HEY, % 34.15 34.15 34.15 34.15
ﬂ'nu%uwé’a, % 11.50 7.40 4.50 7.50
qmmﬁau%’au, °C 40 40 40 29 °C, RH 84%
LIIAUARAL, mm Hg 650 650 650 (PoudiesTu)
seggiatunIsey, hr |10+ 9N 9+3 [10+Wn9+5 | 10+ %N 9 + 6.5 72

NATNN 4.2 WAAIHNANITOUAAAIUTUAILLAIDIDULUUANLIIAUINF LA LA A LT UNEINTT

'
v a

al' ) & = & aa d' = =~ AR -1
BUNIEAUAINUIUAN €) %QIUﬂqiaUa@ﬂ?quﬂumﬂﬂj AIITANINLNUICANUABDNITIDULLUUHUNITWARINNEU

101



Wesanniseunisaziiniildendndudiulngdiuwdalussuiedilagamnuiunsouinavasg g wng
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AnuguNangiudendslutunsuillidnludestinseuns elviaufoudilumzasilunisgady
waruldedudlvg Tneaamgll wssduoinisanas naildeuwisudiaianings uaznailunis
anuaaRsaulanansliudilumsnen 1 nalidndudesananutulagiBsssuvdsmenisanuaaisauli

wins WielfilunsdSeudisulunsilumzgnissenveawdn danmd 4.12

e L5 %

AT 4.13 NFNIEYN 15 IBNVALANI IRV TN TANANLTUAILLAT BB UAALTIALEINA

N mi 812 way 4.13 dunimmeaeunsimiggnissenvesmindidasfiovaneutudie
F3DIBULUUANLTIRUBINA FuANTUARaUnED 1150 7.40 way 4.50% uagmIninuanisasliivie
A 7.50 9% Fslunisduazioniindrdasiiounarmnuenmuaatuayiin1senmatu du 4 uuy
wiazuuuagniedlfnar funmiuunzieudnlusias uuuessasUssana 1 Alandu duwdafarnuuy
av 1 Alansu wegeaz 3 Meodeq az 100 was/om vhnismizgnissen Tngantudin 7 14 uag 21
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U Fan1saonuanalilunsnei 4.3
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A1919N 4.3 LU FTUANTIDNVDIUUANNIAES

YUY ANLAARIAN LASDIDUAAAINIULUUAAANNAUDINA

e AT 7.50 % AT 11.50% AT 7.00% AT 4.50%

WY | mell 78.2 78.3 ne.l fe.2 7e.3 nel | a2 | me3 fe.l ne.2 | el
() (%) (%) (%) (%) (%) (%) %) | %) | (%) (%) %) | (%)

7 a4 a6 41 54 49 48 21 a2 36 21 20 24

14 55 58 58 60 58 59 54 59 61 56 58 60

21 69 71 68 75 70 72 72 65 68 63 67 68

\de 69.33 % 72.33 % 68.33 % 66.00 %

PNNANSIT 4.3 wanalesifudnanissenvedniiaasdiniunisannititud e nsanLAni
Al FUFIMUETINYIR LAYANAILTUAIELAT IBUANANT ULUARLS I TBIN A I Ao AT uT
11.50 7.40 way 4.50% Fawanisseniianlndidseiunismnuislagnisisateinty 7.509%) vinlriula
IihnsananuBudieiaieseunisuuuanussiueiniaazanssatdaaliiunisana i daiugle

a A

wazAnInardrewndymlusesvasmsmnludiganu wasliymvesnsesanainuduildgumgiigadn

Y

Ly
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N159BNLUUAS 19090 ULIAIAALIIAUDINIA LANUSHIN SN NTU
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WnT d1uns817 1.20 wes vieAndulTumsld 053 gnuiaduns SRuilunisandoudisdes
Uszaal 2.00 AN1519AT %”NE“J’alm'ﬁaammzauﬁ’wummm%uqmz:uuwmﬂ WUU Water jet 7ildlunas
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anussu Tunlnefsunssdmdenauin 919 x 872 x g9 1.20 x 1.20 x 1.20 wins wioAnduUsums
1.73 gnuiafiung Stuszunsmasiaiug 1un nf1e x 8m 0.75 x 1.00 wins $1u7u 7 $u viieAnudy

[

NUAZWATITIN 525 AN519MT TILAINNNTEDNRUUBALAITASI AN 4.14 wag 4.15
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1.20 x 3.00 x 2.00 w3

Jugeyeyrne
WUy Water jet

(% v a <
NOIDULUINNALNaDU
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NN 4.14 N159BNLUULELBUITIVBINDIDULTIAALTIAUBDINTA

NIIAVEYN UUIA NI x 813 x @9 1.20 x 1.20.x 1.20 LA
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Paru A ldaunsanlaluyaed fusAuFuanasfuikUaslgnivie 11% leNnsudanidas
& v 2 A ) g o & o €&V 11 )
wldlunisnaaeuilewiu insziuiivnsznadd wagn1sannnuuviudaiusilidsneiuan annns
NAFDULUDIAUAINSUNIAAY NANITNNZI0N LoNantlalReuiufiI0819NanmINNTUIINAITHIaY TUNNS
nadaulugaINIALUL water jet lanunsaassiuinaulanuideints asdiiesanmeantduyiau

09l NEIALSIPURAAUALAEY A 650 Naduns Usen

ToLAUBLUY LHBINLATOIBULUUARLTIAURINANgUNSaldAryRo UNgeyeuIne BeisimAeudng

gen Jemsimsiaszuunsidaulnanusylevigege

NAN15I8WAZNUITIUNA NINTTUN 2
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2.1 HAMINAFDUNITOUANAUTUNAATUSA IR DITINTUN ST U UAISLAILTY T TudBnns
o . . aa =
711 seed priming 19N1TMUY
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Ly [y

Bnssineuduliiudaiugimaes
1. sflunsinanusuvesudniugisusiu Ingldesesiannudunipauiy

2. WeldpuiuEusuLg I9ihawiunsanguinesns tngldgnsdail

v

U FOINTAUTUVDIUAATUTN 21% TuIUUARNUGTISBINTS 5 Alandy waziinaui

Su 11 % dmdngavinefednis

12
o Y 1%

= UINUNTIHBINTIY X (100 — ANUTUSUAL)

(100 - A TLTiGDIN3)
= 5,000 g. X (100 - 11)
(100 - 21)
= 5,632.91 N34

a3U UnlnanynenaanisiiiuauyuIzdedla 5,632.91 NSy

U4
v o LY [
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warihasnaesidid la dnudeidesnisiiinanaiu 1seuuuung o asuunseasnzfinseuly udn

a

nszwnzven o Yavivlvain Unehndes AstunounIng 4.16 aanislingaumgil 25 asenwaidua

YuUszuI 1-2 2lue ndenduiudnudsdintn wnladiminanufsuialifidusuiasa wean
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AINN 4.16 GUUWEIUﬂ']iUlILWﬂJﬂ'J']ﬁJSUUeLWLﬂaﬂwuﬁﬂ?l’ﬂaa\i

9

[

MINAHUAMATWLNAANUS

1. NAFOUANUTUVBALAATLS

Ly

2. wmaaumwmaﬂmaamﬁmwué:

< <@ v ¢ aa ' @ v € .
3. VAABUANNKIWTIVBIUAATUT LagTT 159918v0elanTuT (Accelerated aging)

[ 1

4. Vl@ﬁ’e]‘UﬂTmLL‘ﬁQLLﬁQﬂJ@QLNﬁ@W‘IAﬁj@Eﬁ% Tarnasului (Electical conductivity)

9113515790817 1avin1syiudaiugiautudne 9 3 A1 Ae 23.4% 17.5% uag 13.6%

]

wnsgrudenivenaaaunisanaudu Iimvae Auseaias 10% wnsgiulen agldaamgiingluds

s

& I [y a a [ A Y o [ [
DUANAIUYY 38 DIANYALYYA AINUAUG EYNIA 650 UARUATUTON ANAINA 4.17 LaIUNUAANUT

]
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] & & o s = X 2 v
M19190 4.4 LL?WNNaﬂqsauaﬂﬂqumULNaﬂWUQﬂjL‘Waaﬂ AINAIUYULIUAUAN €

toya waaWusiamdes 1 | wlawugdamaes 2 | waawugaamaes 3
shwiniusiu (n3) 5600 5240 5110
ALY (%) 23.4 175 13.6
wiinandine (n$u) 4790 4800 4300
P RUERTY (%) 10.61 9.93 8.02
gl (waldya) 38 38 38
syognaldeu(dlie) 7.50 4.00 2.50

AN 4.4 LEASNANITOUANAIUTUAILLAIDIDULAILUUARLIIAUDINA LABYINN1TBUN

ANATUISHAY 3 A1 AD 23.4% 17.5% Uay 13.6% lngldomumgiilumsouanainudun 38 esriealdes

UNUAANUGAIMEDITINIUNITOUAAANLTUL WIS VIAFBUNITBNMUNENITINT AN 4.18

[y

7l 4.18 wanensinzidniugiamdeaiievnaaunistenvasudniug
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M1319N 4.5 LUE‘J?L‘U‘UC‘]ﬂWﬁ\?@ﬂ‘U@QLﬂJaﬂWUﬁqﬂ'JL'Via@\‘l

Syyy duvdeesiuly LASDIDUANAUIULUUAAAIILALBINF
an AN 10.40 % ANMUTUSUAY 23.40% | AUTUSUAY 17.50% | ANUTWSUAN 13.60%
STRE AUIUNAIOU 10.61% | ANTUNAIDU 9.93% | AIUTUNEIDU 8.02%

(Y1) pe.l | me2 | we3 | eel pe.2 | w3 | eel | we2 | fe3 | pel | a2 | fed3
(%) %) | (%) (%) %) | (%) (%) (%) (%) (%) | (%) (%)

7 78 86 83 81 89 86 81 85 87 76 81 88

\de 82.33 % 85.33 % 84.33 % 81.66.00 %

13197 4.5 wansranIsINzIenuEnusdumdssiiviintsifiuauduEudiu 3 Adetude
2340 1750 uag 13.60 % 1nsgden WletuvageuniseuanaALBuUfBRTeaULUUARUTIAY
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wssuemAldfinadedenissen wagfiunsiognedidnnmaseniigindieieudiouisideiuiena
néndvnisludaiusiiiuinulifauduiidlotinfisrmiduideennutunduludnasiido

Tunsnsefunsseniiiauduseg

2.2 NMSVAABUNTANAINTUTDIUEANUGOVERINUUANNYATNS
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AT 4.19 MIMANNTUEUFU-gATIe veaudniuiiuviednedouauieu

108




nl' ° & o s = % < ) & a =
AINN 4.20 ‘Lﬂa']ﬂLﬂJaﬂWUﬁqﬂjL‘Via@\‘iL?J']Lﬂi@ﬂ@'UaﬂLLs\‘iﬂu@']ﬂqﬂ C‘]ﬂ@qﬂﬁﬂﬁu 38 DALY E

NMIVAFOULAATLSIINEDY YoUNEAINT 3 578 F9TAIANTUUANAINTL InBn1TanANTuaY

wundu 2 nsdifie nsldieseseuanussdiueinia wavnisivay Feagldlunswieudisunansinsey
AN WAIAANUGIIMERITHIUNITANAINTUTS 2 N3 UL luNMIITEINITAUTNYIR
urldiivlugidudunat 9 Wou asudifiow ngunian i ousuinau 2564 ualrdailunagsy

fa o o < [y

Aasnaunm lagtdndvinisinensvesauditowasimuimda fugivveunnu uwagldnauanaliniy

AN5197 4.6 NANNSNAFBUNITANAIILTUAIYLASBIDUMAIAALIIAUBINIA aENISRIaN LAY

\aRS PBUAATLS NANITIATIZRRAUN WL AN TS
fwvides fmdes (%) Wb.
YOUNWASNS | 5N gaving A390N (%) EC ANULELY (%)
NYAINT 1 9.00 15 52.9 86
ouanA LBy | 15.2
NBAINT 1 10.00 58 28.3 90
AN
NYAINT 2 9.70 7 29.6 83
oUAMPNAY | 16.4
NYAINT 2 10.20 77 27.0 96
AN
NYAINT 3 10.00 63 37.6 94
pUARANLTY | 17.2
NWATNT 3 11.00 29 52.7 93
AN
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NA15T 4.6 gaungiintdluniseuanmiudu 38 esrneadiea sezialuniseu 7 Halus
warn1sannuTulaensisanlusidung 3-4 Ju wasiusnunliludiiu Wunan 9 Weu (w.e.- 5.0,

= 2 o 2 o 1Y .:4 a ¢ R 3 =
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- EC unsinamnuudauss wuriu uidunisialaeinrinisiiluii windiangs wandliviuded
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- anudene WunsialesidudnisuaninvesudnlagBdend fast green test mnAdndas
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