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Abstract : This paper presents the reduction of electricity cost per kilowatt-hour by reducing the
maximum peak demand within the department. of electrical engineering, Chulachomklao Royal
Military Academy in the second semester of 2015. The practical implementation evaluation of a peak
electricity demand controller is divided into two periods. These are data collection to identify the
average electricity demand characteristics per day over a period of weeks in the first two months and
peak clipping over 33 kilowatts by using the controller in the last two months. For the first period, the
average peak demand per week at 95% confidence level was 44.76 kilowatts with a percentage of the
load factor was 54.80. After using the peak demand controller in the second period, the average peak
demand per week at 95% confidence level was 42.62 kilowatts with a percentage of the load factor
was 53.50. Even though the controller can reduce the peak demands, but the cost per kilowatt-hour
does not decrease. The main reason is that the average electricity consumption per week in the last
period was lower than the first period of 911.94 and 981.06 kilowatts-hours per week, respectively
which result in the percentage of load factor in the second period was not better than the first period.
However, if the controller can cut the peak demand to no more than 33 kilowatts, the percentage of
the load factor will be theoretically revised to 69.08 and the cost per kilowatt-hour will be approxi-

mately decreased up to 3.27 percent or 0.1662 Bath per kilowatt-hour.

Keywords : Peak Demand Controller, Peak Clipping, Load Factor, Average Electricity Consumption
per Week, Reduction of Electricity Cost per Kilowatt-Hour
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v93lUsunsudn593U Ritchtmass-ProTM (nsdl
AmundiAuFesnsiidagegalifl 33 Alatad
Anfosaziisousuld (Percent Tolerance) o 2%
LAZATUIAINITANAIAUABINITAE a9 R
(Demand Period) Ao 15u17l) Buduainnisimue
ulasaudeanisitdeasanlugaund (Ideal
Dernand Curve : IDC) {Jurasiifian 33 Alaths
Faflaudunafionuaunisd (1) fe 2.2 Alatwe/
wfasdindanly 15 wiflanuaunisd (2) fe 8.25
Aladms -4alus (@uusia) asuunsmifiunuueuumy
m‘uL’gmmﬁmuqmmmméfmmiqqqmLLasLLﬂué?q
wnurndali fauandunmi 3
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[kw]
1 Actual
C

4

e demand //
/
’
66 Predicted demand rate //
/
/

55 4

//‘ Alloawable demand rate
44 Actual demand rate
y IDC, m33=2.2 [kW/min]

33 ”
22

Allowable

11 oL R M M R S demand

Energy=8.25 [Unit]

0 I5 () 1|0 1|5 > mind

A 3 Arnudeanismadiiinneugelildlaluwsiag
ATULIAINIIAIUANAIAINRBINTSINETINTEan
YoITURDUITAANITA]

dlolusunsusananvhauas Samaugesnis
mMasassluntienlaing (Actual Demand) wWiauAu
Svoy nandAaty (Wu 77 Aladed-Pluadunan
5 yfidauanslunnd 3) uda1nnsnsasiay
foan1smasliiuassluniieilaing/wui (Actual
Demand Rate) muaun1sfi (1) antusuinma
mandsnuiieygelildlitsdesiiosnin 8.25 Ala
Sod-431u4 (Energy i) HeaINTAN TN
anudeansindslniiieygelildle (Allowable
Demand Rate) Auiaunsdi (3) Sapnnuduvansiu
Finanonaaziiniunieanasildudlunsdang 3
FOIANANTLENINANUTUYDINTINDRTIAIUADINTG
ﬁﬂé’ﬂﬂ/\lﬂﬂﬁgﬂmmmiﬁﬁ (Predicted Demand
Rate) fhefianlusunsudinamasidutuneusnnise
Wanoenmuased 1 LLazé’wmiﬁmumf’hfﬂmauﬁ’@ﬁ
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Tldlaneedsdngrnnudesnsiasasgni 33 Ala

FAMUNANUALINILEUNITN (1) Dedgun1sh (3) [4]

Slope= M (1)
T

Energy= J.p(t)dt [kW-h] (2)
t=0

Energyyx < j PO+ [p(@) T —1)] KW-R] (3)
=0

lng
¢ Ao nalulagdu min]
p(r) Ao masluindavme kw)

T;

' A8 ANUIAINSANAIANGEINSANEIAN [min]

Amd 4 (n) uanssegan1siinnsyivanves
Suneiimansalisieldnnstvanun 77 Alatad
Wunai 5 wivselindanuluuas 6.42 Alatnd-
Flusurngidalwindrusnniiu Overkw) Aiflen
14.67 Alaing waglusunsunnanlamuiaaIusng
yosdsufieyynlildlefe 1.83 Alatnd-dalus
ntusifiutuneunsBesssunsiadenissivan
audeuluddunudfyresnsEivanusasi i
ﬁ?umﬁziwangﬂiéé’maaﬂlﬂﬁaa 5 AUNTINANTT
Sapnanudesmsiasinfiuiaseaziiniiaa
fosnsidalniiieygalildlefisian 11 Aladg
TUsunsusananisazenidndunaunisinnisslnan
wifnanazifiu 15 wiitinu (dormualy MaxCut=0)

Tuvensadunind 4@) wanadiegianisee
mszlnanvestunuisaianisaiiioldnnseinan
e 11 Alated Wuan 10 w1 viseldndaauly
uén 1.83 Alaind -1l Usingrdslaihaoutiosiu
(Underkw) ifien 14.67 Alataduaslusunsusenan
Iehundusmsemdanuiieygalildldde 6.42
Ala¥nd-tlus mndusidudunounsBesdsunis
Fasaniseanmutouludduauddyveanisy
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/
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/
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/
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a4+ Energy //
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2567 4
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OverkW i 227
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(V) kW]
4 77-5.13
m =J.
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/
7z
661 7
7
7
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/
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a4 4 Energy
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/
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/
/
=99 b 4
Underkw ! ,
=167 W 47 . -ml11=073
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2.3 mssesamumsansienIselvianuasnsiy
A19UAIITIAYHNN 1T IAANUNALH

msfmuaawUsTilUswnsud5a3u Ritcht-
mass-Pro™ dwsunuddeiiuseneudae (1) Ay
Fosn1sidageanl 33 Aland (2) Avdesazaduiin
wanTisansuléiie 2% ve 33+0.7 AlaTnd (3) Ay
DAINIIAIVANAIAINABINITIASLITIAR 15 wiF
¥38 900 3wl uag (@) AdLUsHAINANSET 1
il Tanusvasdfe AnuTuGeuvesaeen n1s
BENAIAUNITAAADNTTZINAA LaZNITIRAIAUAIIL
dduunnseivanudazen e Cutkw munedae
YOUUUYE OverkW fousudnniselnan Onkw
medrmvauaIwes UnderkW roususionissivian
MinCut ynefisenszaznariinnszinangndnies
flgn MaxCut snefsaszeznaniiansglvangndn
mnﬁqm (MaxCut=0 nefeszezialiiiveuiun)
MinOn Mm‘aﬁqmizszwmﬁmiﬂwamgﬂﬁiaﬁaEJ
figm DlyCut mnefsmseognaminousuinnse
Tnansaselu DlyStart vanefersyegnauNnay
Susensgiviandselu Cut/OnFreq uneda Ayl
avanvesnszlvianiazgninsielaedaudiusany
aunn3fl (4) [10]
: [Hz] (4)

Cut/OnFreq = —————
MinOn + MinCut

Whunefiasarldsudlormunadudseeg
TifulusunsudSagu Ritchtmass-ProTM sugiovi
firiun Uszneude (1) %es we.nawla gnvua
T dueafiidfuanudrdganndian (Highest
Priority Load) lngn1szlnanazgnsendumulviodns
Lufideuludlenn MaxCut=360 3uit wivosduq
fiflA1 MaxCut=0 v3eszeznainisdnlnanla
voulwnazgnimusliiiuresifiddiuniudny
ﬁaﬂﬁqm (Lowest Priority Load) Wil ade
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seiuaufianeloregungifiauisvosse.nan.
NUININITUINDUWIENMITHYYIUATUAY
WensUsEMIUAINaIAULENe (2) u nallag a1
mszlvanuniuluiazAn Overkw>0.7 Alaing (A1
YovavaruAanainiisensuls) Waunsudananae
Gungesinnisylnanviomy UfTRnsdudduusn
e OverkWa1 Ala¥nd (fvuadiee Cutkw=1
Alatad) Wauanfies we.naml.m dor Overkwaza
Aladnd (Mvuaemea Cutkw=4 Alaing) lnan15dn
msz‘lwamLLGiazﬂ%’jwsgﬂﬁ'uﬁ’mﬁh DlyCut=10 U1
(Lioyanlidnniseivanynrioanioniiv) (3) s van
T 9 anselvantesiiulunazar Underkw=0.7
Alatnd (A3psavauRananfisonsuls) Tsuwnsu
Fanamazisungessoniselnantios ne.nm.a 1
Sduusnifionn Underkwz1 Alatnd (fouadee
Onkw=1 Alatnd) TuRuaeiivesitnenansdsande
A1 UnderkW=4 Aladnd (Muunaiga1 Onkw=4
Aladng) I@EJﬂ’]iG]IEJﬂ’]iSI‘ViaﬂLLGiﬁ%ﬂ%”QﬁlzgﬂﬁI’uﬁ’JEJ
A1 DlyStart=20 il (deuanlvisenisslvannn
Woansouiu) way (4) nszlvanlunesin

msefl 1 Aifannsyinan AuantAfifieszasd
wazn1smvua MU sene) Talusunsu
d593U Richtmass-ProTM

919156570898 Dernand=4.1 AlaTaduazen
Cut/On Fregq=0.0015 1&saddnduniszivanvuin
Tne) elimsarldurueSonananuivesnissn
sonslnandlofeufunssinanvuindnluros
Judifien Demand=2.5 Ala¥ad sniuios ne.nau.
Fadndunseinanuuadniiesiuieniide cut
OnFreq =0.0018 18504 Weilmazgnmniifiauieves
o no.naw. fanuddunniiiviszezaifinnse
IangnAnfedanadlnauilA1 MinCut=180 Ju1#

A5 2 WU TUNLY AS19nsINaNwENT LY
T Teendglusavdunnvivaanin.
AANNSAN®I 2/58 (Y198D999N15NAaD)

MUY
. . q. 9. | W | W | AL a. | 9.
U 1/9799 2
auunAY | 9/7 [10/6 | 9/7 | 9/7 |10/6 |10/6 |10/6

fmoen | 4/3 |7/5 | 7/5 | 7/5 | 5/4 | 7/5 | 6/5

%lulnasa | 44/43|70/83 | 78/71 | 78/71|50/67 | 70/83 | 60/83

Priority Ranking | -°3d LeVeling| smoothing Characteristic
(DlyCut=10,DlyStart=20[sec])

3. N15UsZUNanIsdIuYaIAIAIUANAT
AUARINTITANA WA eER
n13Usziliunanisvnastansunualiiiise
Alatnd-thludlaglifamuaueiaudeanismas
Inlihgsanves vl = lunmaGeud 27 2558 wady
2 fadlae (1) Msvszdiusansidlaihlneadede T
wazA1AudeInNsinaslnihasanluseuduaivly

of Loads PIEDUADUNIN (1 AUBIBY 2558 D 6 W FRANYY

X . CutkW | . Cut/On a a
Air conditioner MinCut [MaxCut( MinOn 2558) wag (2) msUsziliunanisiilnilaendune
Demand /Onkw Freq. o , o o o o ¢

[Room] [sec]|[sec] |[sec] TunagArrudesnsiasliirasgalusouduniv

kW] | [kw [Hz] R

1. Wo.naw. 25 | /1 | 180 | 360 | 360 |oo1g| rutNABuFiDUAATNS (7 woFan1Bu 2558 9 20
b Wnenasdsaw | 41 | 3/4 | 300 | 0 | 360 |.0015| SwAm 2558) Fansaidlaaiunisingenainin
5. wUfiinis | 225| 2/2 [ 300 | 0 | 360 |.0015| @eenisidslniiasgaudilasldfiiniuauaiaiy
g ulUfifinng | 25| 1/3]300 | 0. | 360 |.0015] @aenisidsluiingegn iednwiniuduius

sePeanIanwzns N laeedsmnaiuluseau
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NeAIIINIT TUNURENITRTUAINTTY wazluaey
Usgdnmadauandlumaed 2 Sufuildain
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IECReeN
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Classrooms) saufunsungAnssunslglniives
vl w1 (039l Offices) mapan1ANSANYIT
2/58 Taedeyadniluaililunisairansniisaesi
119N UHIUNTANYY AN519E0U WU FAUU
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nsdunakars Ui 2 fufukanis
Wisuieunsidnuarnsldindilaendede iuly
59UAUAMY0% 1 (N5 Average Load) uagaag
2 (n579 Demand Ctrl Avg Load) uagnsmnganssu
nslglihsafiniansallduesnan 1 aunsouans
Fdannd 5 Sennd 9

HANIINABDITUTUTALIUIIAINSI UL
laAu8dlue (08.001-16.00u.) wazAvamadely
YapUfoULINIAgINIYIER AR UARYIN Y AY
579 Average Load w0923 1 Suieusimuniian
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[
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Anudssnsidaluiiigeamlagiamizetiebly
YIIA131%N15 08.00U.-16.00 U. (2) mamaaqmmﬁﬁ
Wuadlurisaeufougaine (.e.uwazs.n.) lneany
9819897381 19.00u.-24.00u. FapnuunAududy
FranaifmuauAInLiesnsidsliingega
ABINEAIINI

EE2003 = ME3103

EE4405  LIBRARY EE4405
35 EE4504

—_—

—— Average Load on Monday
—— Estimate Load on Monday
=====Class rooms

Offices

= Demand Ctrl Avg. Load on
Monday

Load [kwW]

Time [hour]

At 5 wdanulifinede 8 $alus 184.3 way 181.2 giln
oaRaALAD 32.3 KW 9.00 L4 1 uag 31.9 KW
11.30 u. 924 2 vosiuduns

EE3401 EE3701
EES004  ——— EE5306

35

—— Average Load on Tuesday
——— Estimate Load on Tuesday

~—— Offices

----- Class rooms

—— Demand Ctrl Avg. Load on
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Load [kw]
=1 et
i
i

g - 3 8 5 Bk & 5 5 % B &% 8 2 R B
8B EEB8 888883 8id888:8E8 s
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—— Average Load on Wednesday

EEAS04  EE2101 EE2002

35 —— | — p——

EE5904
—_—

~——— Offices

=====-Class rooms

—— Demand Ctrl Avg. Load on
Wednesday

—— Estimate Load on Wednesday

~~~~~~~~~~~~~~~

Time [hour]

Al 7 ndsauliiniede 8 Halus 174.6 way 156.0 giln
goARABAD 29.9 KW 11.00 W. 939 1 wa 23.3 KW
11.00 U939 2 YOITUNG

= Average Load on Thursday

ME3103 ——— Estimate Load on Thursday
~——— Offices

-----Class rooms

—— Demand Ctrl Avg. Load on
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/- ¥E2003

e

FEE2014]
1
H

Time [hour]

awit 8 wdanulifinede 8 $3lus 231.4 way 217.2 gia
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11.15 Y. 129 2 VDINGWaUR

Average Load on Friday

EE5906
EE3403

EE5505 ——Estimate Load on Friday |

EE3404

—

Offices

----- Class rooms

Demand Ctrl Avg. Load on |
Friday

~~~~~~~~~~~~~~

Time [hour]

Al 9 ndssulniiihiede 8 92l 189.8 uaz 166.2
yiln voARABAD 30.2 KW 11.00 1. ¥ 1
wag 30.6 kW 10.45 . ¥4 2 ¥933uAnS
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AudeInIsiabiinasan uazAfevazvedivan M990 3 AadevesnTmdnwaensldliiiileg

unewnes IngldauyRgnufeiimunuAIAINfeInIs wagseTuluseuduavidie 2 dAade
maslnihgegazneninnuisedionsmanvaens HAFNIABIYI UAY %Temp RI5%
Toluihasadnenasnaiulusauduanilaismnin 33 .
. oo o oo L4 . . AYBINTIN Q. 9. . ne). f.
AlATRA AINUORIIEIUVIALRALVBINARIITENIN
. - R Avg load reduction | 1.087 | 0.951 | 2939 | 2.397 | 3.160
NSINENwLNT 1 195 lneadesaiuluseu
. . value by temp[kW]
dUAEe 1 Lavian 2 L?/IEJUﬂUﬂ']LQaEJ“UENﬂS’IW Dmd ctlave | 18777 120.132 | 16.001 120903 | 16,613
anwarsiulniasadnewiene Juluseudunnnag value [KW]
2 fifle dndresiadlwihfanasiiewingamal %Temp_R 5790 | 4.723 | 18.365 | 10.945 | 19.023
=T a -

730 %Temp R MNEUNTIY (5) 2 X—t, . xL%J;a=0.05, Loo02s, 4 = 2776

| & %Temp_R95% | 5790 +4.723 +18.365 +10.945 +19.023 g

= Z(Avglaadk —Dmd ctrl avgload, ) (Lower) e 5 o

k=29
%eTemp R = G x100 (5) > 11.77—2.776XL6'04J or > 428
— ZDmd ctrl avg load Vs

k=29

Tog AT 11 F79819N15TAENAVEIMITEY
aspInTanwuzns v lnedswsas Yulusau
Avg load Aa Fnsmdnuasnsliliihede 1 AUanninng 2 Sudundleslddndiuvesindalniinan

Dmd ctrl avg load;, A9 AMNTNENwarNTIEINH123 94 2 aﬂLﬁaqmﬂqmmﬁﬁizﬁummL%aﬂu 95% (YaUaN)

k Ao duAuiaImn 15 Wil 15uaIn o < . D e 9
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DY NIIN15UAD 07.00U.-17.00.

Temp comp dmd ctrl avg load
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g o o) A1SIATIERMIVUIAAINUA DINTTAEI LA

gegalusouduatisuANIINNITAINALRAYLAL

/ v
.
j ;
o

Dmd ctrl avg Eﬂlus (period2)
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Tuksazduluseudunnniauag N9 AlA
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AuspsmIndenulwiliade [kW-hrl AEBAgeER
$u |gae|wAuBua. | Peak | Off Peak |@95%IKWI|%F, .
1 184.33 193.89 63.07 37.31 |61.76
* 2 181.25 175.49 58.96 36.16 | 62.66
1 200.85 206.06 60.67 35.94 169.85
& 2 191.22 199.00 61.28 35.98 |66.43
1 174.64 211.34 51.81 36.57 |59.70
" 2] 15603 | 17639| s607| 2952|6607
1 231.44 245.56 66.74 44.76 | 64.64
" 2 217.19 230.19 71.59 42.62 | 63.71
M| 1 189.81 190.91 58.45 32.06 | 74.00

Mnteyalumed 4 ansa@eunsvaiiy
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sufuiuluseuduamidauandunimi 12 nsdiea
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%29 1 Usganal 5.02% ynefigauuinniudesnis
Adslihgegafiszduainudosiu 95% voetu
weaufdagnldidudunudeyadmsunisaiuin
AlniiZenfunefounsasdenldnanlily
Wte 4.1
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Abstract: The purpose of this research is to reduce time in microwave link planning by specific programs
written by a Python programming language in order to be used with Quantum Geographic Information
System (QGIS). The study method is to analyze and compare the contents in the Signal student text-
book of Signal school, field manuals of Royal Thai Army, and other civilian documents about Path
calculation or Link budget in order to develop the process of the combat microwave link planning.
The benefits of this research are for Signal officers, staffs and commanders to train about the combat
microwave link planning that supports the operations units. In addition, this research facilitates the
instructors and lecturers as a teaching media for Signal students of Signal school in the subject of
Wire Communication and for Electrical Engineering cadets of Chulachomklao Military Academy in the
subject of Microwave Engineering. This research is found that the distances and elevations between
2 microwave link stations can be collected by QGIS, and then be calculated on Path profile and Path
calculation in an Electrical Engineering approach by Python programs. To verify the use of these pro-
grams in the combat microwave link planning, the experiments are set to test the error of acquired
distances from QGIS that affects: 1. earth curvature in the Path profile process, 2. 1st Fresnel zone
radius, and 3. free space loss. The maximum acquired distance is 50 kilometers (maximum range of a
microwave link). The results are: 1. error of the height of earth curvature is not more than 14 centimeters
that is insignificant compare to the unit of kilometers in calculation, 2. error of 1st Fresnel zone radius
is not more than 12 centimeters that is insignificant compare to the unit of meters in calculation, and

3. error of free space loss is not more than 0.05 dB or 1.01 that is a small change in the calculation.

Keywords: Geographic information system, Path profile, Path calculation, Python
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Abstract : An adaptively biased linear MOS transconductor is known as a linear transconductor.
However, if the low transconductance is needed, small operating current makes MOSFETs operate
in weak inversion. In this case, the voltage-current characteristic is not expressed as a square-law
characteristic but is expressed as an exponential function. Thus, the factor makes linearity of
the transconductor worse. In this paper, a new design of the adaptively biased linear MOS transcon-
ductor considering the influence of MOSFETs operating in weak inversion is proposed. In the proposed
technique, an adaptive biasing circuit is newly designed for improvement of the linearity deterioration.

Simulation results show that the proposed technique is effective for improvement of the linearity.

Keywords : CMOS, Analog Integrated Circuits, Linear Circuits, Adaptively Biased MOS Transconductors

32 4 17 (2562) VOL.17 (2019)



1. Introduction

A transconductor is a circuit to convert
input signal voltages into signal currents. The
voltage-current characteristic is desired to be
linear. However, the linearity is deteriorated by
non-ideal factors.

An adaptively biased linear MOS trans-
conductor [1] is known as a linear transconduc-
tor. The good linearity is realized by subtraction
of individual differential output currents using
single-end converter. However, the transconduc-
tor has drawbacks; 1) the power supply rejection
ratio (PSRR) and the common mode rejection
ratio (CMRR) are low and 2) the linearity is not
realized if the output currents are taken out from
each of differential output terminals, namely
the individual differential output currents are
not linear. For improvement of the drawbacks,
an adaptively biased linear MOS transconduc-
tor composed of a square current source and a
differential pair [2] has been already proposed.
The transconductor has good properties, such as
high PSRR, high CMRR, and good linearity of the
individual differential output currents. However,
if the low transconductance for low power
applications is needed such as biomedical
devices, low operating current makes MOSFETSs
operate in weak inversion. In this case, the
voltage-current characteristic is not expressed
as a square-law characteristic but is expressed
as an exponential function [5][6]. Thus, the
factor makes linearity of the transconductor

waorse.
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In this paper, a new design of adaptively
biased linear MOS transconductor considering
the influence of MOSFETs operating in weak
inversion is proposed. In the proposed technique,
an adaptive biasing circuit is newly designed
for improvement of the linearity deterioration.
Simulation results show that the proposed
technique is effective for improvement of the

linearity.

2. Principle of differential input/output
transconductor

Fig.1(a) shows a basic configuration of the
single-ended type of adaptively biased linear
MOS transconductor. Assuming that MOSFETs
operate in saturation region and the drain
currents obey the square-law characteristic, the
drain currents of M1, M2, and the tail current IS

are expressed as

IMl = KN(VL - VS - VT)Z
Iy, = KN(VR V5= VT)Z
Ig =1y + 1y (1)

where KN is the transconductance factor, VTis
the threshold voltage, and Vi is the common
source voltage of M1 and M2. Assuming that the
input voltages are fully differential signals, V, and

V,, are expressed as

Vin . (2)
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From (1) and (2), the source voltage V5 is

expressed as

/21{ Is—KN%Vin?
VS _ NiS N Vin (3)

= -V .
2KN T

(a) Single-end converter —o0

lIMI Ile
M

Vi °—|

M:

Ve I—O Vr

Is

(a) Single-ended type

(b)

Vop

lIad Iadl

g

(b) Differential input/output type

Fig.1 Basic Configulation of Adaptively
Biased Linear MOS Transconductor (a) Single-

ended Type, (b) Differential Input/output Type

It is seen from (3) that the source voltage
VS is a function of the input voltage Vin. For
linearization, VS has to be set to constant.

Therefore, the tail current IS is expressed as

34 9 17 (2562) VOL.17 (2019)

— 4+ A, (@)

where A is a constant. From (1) - (4), the
single-ended output current is expressed as

Ioue = In1 —Iy2 = 2KyA Vi . (5

It is seen from (5) that linearity of the
transfer characteristic with single-end conversion
is achieved. The circuit design using this
technique has been reported in the paper [3, 4].
However, in case of the individual differential
output terminals are needed, the individual dif-

ferential output currents are obtained as

in? ,A A
Iy, = KNZm - I;N Vin + Py
(6)
KnVin? AKN A
IMZ == 4 + > Vm + E .

It should be noticed from (6) that the

individual differential output currents are
quadratic function of the input voltage. This
means that the linearity of individual differential
output terminals cannot be achieved using the

basic configuration shown in Fig1(a).



Fig.1(b) shows a basic configuration of the
differential input/output type of adaptively
biased linear MOS transconductor. In Fig.1(b), the
individual differential output currents I,y @nd

tL

I i 3T€ siven by

Loutr = lga — In1

KNVin? AKy A
ad 4 2 in 2

Loutr = Imz — laa
KnVin? AK A
= —lgq + ="+ / Vi 5, 1)

where lad is the bias current for lineariza-

tion loutL and loutR. In order to eliminate the
nonlinear term, the bias current lad is expressed

as

KnVin® | A 8
lag = =50+ ?

Substituting (8) into (7), Iy

expressed as

AK
Lowtr = lowtr = ’TNVL . 9)

It is seen from (9) that the differential input/

and / are
ou

tL tR

output linear transconductor is achieved using
the basic configuration shown in Fig.1(b). A circuit
design using this technique is described in the

next section.
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1@ "Ms xB My xf )Mo
£ | it ||i
._] llo In ‘
— —
I o— b—o Ir
ll.m Iml
Vi Vi Vr Vi Vi
e e o T O
My Ms M M:
Vs Vs
iy
e ki
n® [~ 1\.1[:
Vss

Fig.2 Conventional transconductor

3. Circuit design of differential input/
output transconductor

Fig.2 shows the adaptively biased linear MOS
transconductor [2] using the technique described
in section 2. In Fig.2, M1 and M2 compose a
differential pair, M4 — M6 and the operating
current 10 compose a square current source. The
current mirror composed of M3 and M7 supplies
the tail current IS , whose current amplification
factor is set to a = 1. The current mirror
composed of M8 — M10 supplies the bias current
ID, whose current amplification factor is set
to B = 1/2. The drain currents of M4 — M6 are

expressed as

Iys = KN(VL — Vsp — VT)Z
Iys = KN(VR —Vep — VT)Z
Iye =1 = Ky(Vg — Vgg — V)2, (10)

where Vg I the common source voltage

of M4 — Mé. The bias voltage Vy is realized by a

simple active voltage divider, and is given by
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Ve ==+ V) =0. (11)
From (10) and (11), VSB is expressed as

VSB = — ’;_ON_VT . (12)

The drain currents of M7 and M8 are given
by

IM7 :IM4+IM5+IM6_IO (13)

Iyg = Iya + Iys -

From (10) - (13), IS and lad are expressed as

. 2

s = Iy = 000 4 9, (14)
KNVin®

IM9,10 =lgq = _N4 + 1 .

From (7) and (14), the individual differential

output currents are expressed as

IoutL = IoutR = IOKNVin . (15)

It is seen from (15) that the transfer

characteristics of the transconductor are linear.

- —— —— —— —
—
—— ——

60 = e —0Y

A T T T T T T T T e e =T

72}
=
=)
o

— LA e I=SuA

F ——— I =2pA ——— I~TpA
O -I-----I 10:§HA 1 1 |__|--10|:9“A|
-04 -0.2 0 0.2 0.4

Vin [V]
Fig.3 Transconductance Characteristics
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Fig.3 illustrates simulation result of the
transconductance characteristics for various
operation currents of the transconductor shown
in Fig.2. Fig.3 shows that if the operating current is
small, e.s. /0 = 1pA - 3pA, the transconductance
characteristics are not flat. The deterioration
is caused mainly by two cores of differential
pairs M1 — M2 and M4 — M5 operating in weak
inversion. Thus, the drain currents is not
expressed as the square-law characteristic but
is expressed as the exponential function [5][6].
Assuming that M1 — M2 and M4 - M5 operate in

weak inversion, the drain currents are expressed

as
Vi -Vs-V
Iy1 = Ipo exp (%TT)
VR=Vs=V
Iyz = Ipoexp (RTSTT)
Vi-Vsg—V
Ipya = Ipo €Xp (—L nls,i T)
Iys = Ipo exp (%ﬁ_w) ) (16)

where /DO is the reverse saturation current, n
is the subthreshold slope factor, and U.. = kT/q
is the thermal voltage that k is the Boltzmann’s
constant, T is the absolute temperature and g
is the electronic charge [5][6]. From (2), (12), and
(16), the tail current I¢ realized by the square

current source is expressed as
Vin —2JIo/Kn+Vin
Is = Ip, (1 + exp (E)) exp (%) (17)

From egs. (2) and (16), the source voltage

Vi is expressed as



Vin Ipo(1+exp(—5%))
VS=T—VT+nUT10g _— 2 (18)

Is

Substituting egs. (17), (18) is rewritten as

Vs = Vzﬁ —Vr +nUrlog [exp (_ 2102/:;—5:M>] 19

From eq. (19), IM1 and IM2 are rewritten as

2 IO/KN+Vin)
2nUrt
2y IO/KN-Vin) (20)

2nUrt

Iyy1 = Ipg €Xp (

Iyz = Ipg €xp (

The output current is expressed as

Ioue = Ipo (exp (ZVi” ) — 1) exp (A/T—L’;’T_V‘") (21)

nUr

The transconductance is expressed as

__ Ipo Vin 2y/Io/KN=Vin
G = 2nUr (exp (nUT) + 1) exp( 2nUr ) (22)

It is found from egq. (22) that the transcon-

ductance is not flat due to MOSFETs operating
in weak inversion, as shown in Fig.3. A technique
to alleviate this problem is described in the next

section.

Vop

My xp/2 JMu

1L

110 Inl

It Iml

I
Vs

)2

x1 -
Ms

Vss

Fig.4 Proposed Transconductor
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4. Proposed transconductor

From eq. (22) and Fig.3, it should be
noticed that the transconductance deviation for
low operating currents increases according as
amplitude of the input voltage V. increases. In
order to alleviate the problem, the smaller tail
current /. at high amplitude of the input voltage
is needed. Therefore, a new design of the square
current source to realize such a tail current Iois
proposed.

Fig.d4 shows the proposed transconductor,
which is realized by introducing MOS resistors
M11 and M12 into the transconductor shown in
Fig.2 The MOS resistors are employed to control
the tail current /. supplied to the differential pair,
which is different from the source degeneration
operating. The gate nodes are connected to Vg
Because M11 and M12 operate in the triode

region, the drain currents are expressed as

v
Ivaia2) = 2YVn (_VSB —Vr = %) Vps (23)

where v is the aspect ratio of M11 and
M12. Vs the drain-source voltage of M11 and
M12. From (23), the equivalent resistance Req is

expressed as

1 1
R,, = = .
eqd — dmM@u112)  2yKn(-Vsp-Vr—Vps) (24)
aVps

The drain currents of M4 and M5 are

expressed as

VL_VSB_RquM4_VT)
nUr

VR_VSB_RquMS_VT) (25)
nUr '

Ina = Ipg exp (

Iys = Ipo exp (
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From (12) and (25),

realized by the square current source is

the tail current /5

expressed as

nUT

I (W(Bl) -W(B)) , (26)

where

2/15/Ky — V,
B, =
! nUr
214/ Ky +V;
X ( OanA}T m) IpoReq
B, = ,
2 nUr
and W(z) is the Lambert’ s W function, which
is defined as

z=W(2)exp(W(2)) . (27)

Substituting (26) into (18), the source voltage

VS is rewritten as

Vs = Vzﬂ—VT + nUr log

nUT(W(B1)-W(By))

From (16) and (28), the drain currents of M1

and M2 are expressed as

W (B)+W (By) ]
Req(1+exp(—2))

_ W(B1)-W(B3)
fia = nr [((—»]

IMl = TlUT[

(29)

From (29), the output current /O is

ut
expressed as
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1D0Req<1+exp(n‘l/fT ))] .(28)

VLTL

(30)

loue = " tanh (5) (W (B,) + W (B,)).

The transconductance is expressed as

G 1 W(B1)+W(B>)
2Req cosh(z‘:w )

[( w(B,)+w(B,)) tanh(

Req (1+W(B1)(1+W(B2))

] : (31)

An equation for optimization of y using
maximally flat approximation method [7] is
obtained as

d%Gm

W |(Vin=0) == 0 . (32)

Solving (32), the optimum value of Req is
given by

R,, = Xexp (—nUT_7'I°/KN) . (33)

eq — 71po 7nUTr

From (24) and (33), the optimum value of y

is obtained as

Vi

71 eXp(7,/Io/KN—TLUT
Do 7TLUT )
= (34)
v 2nUTKN(-Vps—Vs—VT)
M x1 ﬁll\lﬂ x1/2 . My « 1/2“_ Mo
] 14]j—|\[ C | i I
e J l Ins Iml
— —
11 o— —o Jp
llm I_uzl
W g g gty
My | Mo Mu| | Ms M ’ M:
S §
VT %Y 1 .
x1 [; 'l x1 '
1\[13?—' M I |
:l Mis * M';’

Fig.5 Circuit Configuration of Proposed Transconductor
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Table 1  Principle Parameters of Used Model
Ku WANVT | Vi M | UrnV] | n | I WA
121 0.41 26.0 1.47 4.62

5. Simulation

In order to confirm the validity of the
proposed technique, simulation was carried
out. The used program software is SIMetrix. In
simulation, 0.18um BSIM3 Model is used[8]. The
principal parameters of used model are listed in
Table 1. The supply voltage is £0.9V. The circuit
configuration of the proposed transconductor
used in simulation is shown in Fig.5. The optimum
aspect ratio of the MOS resistors obtained from
(34) is y = 19.08. In the simulation, y is set to 19.

The transconductance error Gmer[%] is defined as
G — (Gmmax_Gmmin) X 100 (35)
mer Gm(O)
where G and G are the maximum
mmax mmin
Gm and the minimum G _ in the input range,

respectively. G_(0) is the G_at V. =0 V. The
input range is + 1.0 V.

ToutL,loutR [pA]
o

T T T T T T
\

Vin[V]

Fig.6 Transfer Characteristic
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Table 2  Transconductance Error Gmer

1pA 3pA 5uA 9uA

Gpmer for each of I
[%] [%] [%] (%]

Proposed 9.226 | 5802 | 7.493 | 5755

Conventional 102.2 | 2517 | 7.545 | 5.258

Fig.6 illustrates transfer characteristics
of the proposed transconductor. It is seen
from Fig.6 that the linearity deterioration for
low operating currents is improved using the
proposed technique. Fig.7 illustrates normalized
transconductance characteristics (Gm/Gm(0)).
The transconductance errors are listed in Table
2. From Fig.7 and Table 1, it should be noticed
that the proposed transconductor has good
linearity compared with that of the conventional
transconductor. This means that the MOS
resistors are effective for the low operating
currents while they affect the transfer charac-
teristics little for the high operating currents.
Fig.8 illustrates normalized transconductance
characteristics of the proposed transconductor
for various v. It is seen that element sensitivities
of the MOS resistors are small. The total
harmonic distortions (THDs) of the conven-
tional transconductor and the proposed one are
plotted in Fig.9 for 10 = 1pA. The sinusoidal input
is 10kHz and the input signal amplitude is 0.1V
- 0.5V. It should be noticed from Fig.9 that the

THD of the proposed transconductor is improved.
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6. Conclusion

In this paper, a new design of the adaptively
biased linear MOS transconductor considering the
influence of MOSFETs operating in weak inversion
has been proposed. For low operating current,
MOSFETs operate in weak inversion, and the
voltage-current characteristic is not expressed as
the square-law characteristic but is expressed as
the exponential function. Thus, the factor makes
linearity worse. In the proposed technique, the
adaptive biasing circuit has newly designed
for improvement of the linearity deterioration.
Simulation results have shown that the proposed
technique is effective for improvement of the

linearity.
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Abstract : High rate of pig farm growth has been observed during these recent years. In 2017, 10.19
million head count of pig was raised in Thailand. In the same year, about 57 odor and 10 wastewater
complaints were filed against pig farm owners. This prompted concerns from government and
the Internal Security Operations Command (ISOC) to look into this problem seriously. Piggery
wastewater is known to be high in organics, solids, as well as rich nutrient content such as nitrogen
and phosphorus. In this study, we investigated the performance of a system consisting of a presettling
tank and a three-compartment anaerobic baffled (ABR) reactor to treat pig farm wastewater under
low and high flow rate condition. An experiment was run for 80 days at a demonstration farm of the
Faculty of Veterinary Science in Nakhon Pathom province. The performance for total COD removal
was between 50-78 percent and majorities of organics and solids removal was by sedimentation.
The efficiencies of sedimentation process, however, can be very sensitive to solids accumulation
and washout. The average TKN removal was only 25 percent. The low removal efficiency was due to
the fact that majority of TKN was soluble and the soluble part of TKN cannot be removed properly
in anaerobic process. When considering the PCD standard for pig farm, the system still needed an
improvement, with respect to total COD and TSS concentrations in the effluent. Enlargement of a
presettling tank or an additional presettling unit with solids drainage ports could be a practical option

for better solids and organics treatment.

Keywords : Pig Farm Wastewater, Anaerobic Baffle Reactor, Organic Removal, TKN Removal
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1. Introduction

High rate of pig farm growth has been
observed during these recent years due to an
increase in domestic demand for pork in Thai-
land. In 2017, 10.19 million head count of pig was
raised in Thailand [1]. Such expansion inevitably
impaired surrounding environmental quality
ranging from odor, flies, methane emission,
and possible leakage of wastewater to nearby
receiving water bodies. In 2017, there were at
least formal 57 odor and 10 wastewater com-
plaints against farm owners [2]. This prompted
both government and the Internal Security Oper-
ations Command (ISOC) to look into this problem
seriously. In April 2018, the Chief of the Army and
the deputy Secretary of the ISOC has ordered all
provincial units of ISOC to coordinate with local
government to monitor and manage all forms of
farm-related pollution according to the regula-
tory requirement. Proper pig farm wastewater
treatment system would lead to lesser degree

of pollutant emission to water and air resources.

2. Objectives

In this study, we investigated performance
of a practical treatment system consisting of
a presettling tank and an ABR reactor to treat
pig farm wastewater under low and high flow
rate condition, corresponding to high and low

hydraulic retention time (HRT), respectively.

3. Literature review
To date, wastewater treatment system for

large pig farms in Thailand is dominated by fixed
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dome, channel digester, and covered lagoon that
aim to produce biogas along with organic waste
stabilization [1]. However, small farms with less
than 50 pigs are high in number and many of
them have no treatment system for their waste-
water.

Pig farm wastewater is generated from a
wide spectrum of activities such as flushing of
farm, animal cleaning, discharges and solids from
pigs, etc., and therefore often possesses high
organics, high ammonia, high solids, as well as
rich nutrient content such as nitrogen and phos-
phorus [3]. High solids in an influent stream can
result in a system failure since solid accumulation
could deplete useful space required for reaction.
Nitrogen, if not treated or transformed within
the system, can result in excessive blooming of
aquatic plants [4].

Anaerobic baffle reactor (ABR) is a treatment
technique that currently receives lots of attention
for high strength wastewater treatment world-
wide. Advantages of the ABR are such as low
energy consumption, easy operation and main-
tenance, no moving parts, no mixing required,
high resistance to clogging, and high adaptation
to shock loading [5]. For an ABR system, baffles
were placed vertically, in an alternate manner,
to form compartment and to direct the flow of
wastewater, from an inlet to an outlet point. In
this respect, wastewater is forced to go through
floating anaerobic sludge blankets, where major
organic stabilization takes place. Significant
benefit of this reactor type is an ability to sepa-

rate different phases of the AD system longitudi-
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nally, allowing the reactor to behave as a ‘phase
separated’ system, which would theoretically
offer high efficiency removal rates [6, 7]. Of all
the strong points, low clogging potential is very
appealing when it comes to treating high solid
stream like pig farm wastewater.

In this study, we investigated performance
of a practical treatment system consisting of
a presettling tank and an ABR reactor to treat
pig farm wastewater under low and high flow
rate condition, corresponding to high and low
hydraulic retention time (HRT), respectively.
The high flow condition can be expected during
daily farm cleaning or if more pigs are added.
The performance indicators used were chemical
oxygen demand (COD) and TKN removal efficien-
cies. This system can be made in modules and
is relative easy to make and should fit for most
small pig farms. The knowledge gained can be
applied to solve pig farms complaints throughout

the countries, including military establishments.

4. Materials and Methods

4.1 Pig farm wastewater input

The system was set in a demonstration farm
of the Faculty of Veterinary Science, Chulalong-
korn University, in Nakhon Pathom province.
There were approximately fifteen pigs in the farm
at the time of study (November 2016 to March
2017). Wastewater samples were obtained from
outlet of the farm and were generated from all

activities inside.
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4.2 Configuration of the system

The treatment system, consisting of a
presettling tank and a three-compartment
anaerobic baffled reactor (ABR), is given in Figurel.
Both were made from acrylic. A settling tank was
5 liters in volume. The effective volume of the
ABR reactor was 10 liters. The first compartment
of the ABR accounted for half of the volume
while the last two compartments accounted for
the rest. Input and output wastewater samples
were obtained at the point before entering the
settling tank and after exiting from the ABR

reactor, respectively.

= | 7y e =

pling point for output

Sampling point for input |

- |—>O
.

YARAN

Presettling tank 3-compartment ABR

Fig.1 Presettling Tank and an ABR Reactor

4.3 Startup and operation

The system employed the pig farm
wastewater as a seed, itself. On Day 1 of the
experiment, the wastewater was fed to the
system at the rate of 2 L/day (equivalent to 5-day
hydraulic residence time for an ABR reactor).
From Day 5, the wastewater input rate was
increased to 5 L/d (equivalent to 2-day hydraulic
residence time for an ABR reactor) until Day
35 where excessive solids accumulation was
obviously detected in the presettling tank and in
the ABR. Removal of solids was then performed.
The flow rate was reduced to 2 L/day from Day
36 to Day 80, which was the last day of the

experiment. The Pollution Control Department



(PCD) effluent standard for the farms with 50-500
pigs would be used for performance assessment.
4.4 Analytical procedures
Important parameters under investigation
included total suspended solids (TSS), chemical
oxygen demand (COD), soluble COD, total
Kjeldahl nitrogen (TKN) and soluble TKN. The

analytical procedures were outlined in Table 1.

Table 1  Parameters and analytical procedures
used
Parameter Method
pH pH meter
ORP ORP meter

Total suspended solids

Standard Method #2540D

COD Standard Method #5220C
TKN Digestion Distillation and
then Titrimetric Method
5. Results and Discussions
5.1 Total and soluble COD
2500 A
2000 1 o m ¢
) * ¢
2 1500 -
£ . ¢In
(=]
8 1000 1 WOut
. [ ] ]
500 - ™ PCD Standard
I+ -+
0 20 40 60 80

Fig.2 Influent and Effluent Total COD Concentration in
me/L
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From Figure 2, initial influent total COD
concentration on Day 1 was 1,860 mg/L and
remained in the range of 1,670-1,930 mg/L,
with an average of 1,725 mg/L, throughout the
experiment. The effluent total COD was in the
range of 430-1,920 meg/L with an average of 520
mg/L (excluding an outlier) which was still a
little bit higher than the PCD standard for COD of
400 mg/L. During the first 20 days, average COD
removal efficiency was about 67-75 percent and
was directly related to the solids removal ability.
Biological reaction played lesser role here since
hydraulic retention time (HRT) used here was
significantly shorter than ordinary ABR’s (2-5
days as compared to 14-15 days) [8, 9]. As solids
accumulated and started to wash out, a total
COD of 1,920 mg/L was found in an effluent
sampling on Day 35. After cleaning and lowering
the flow rate of input wastewater to 2 L/day, the
system efficiency for total COD reduction came
back to the range of 50-78 percent until Day 80.
These efficiencies were, however, similar to those

of Boopathy and Sievers [8] at 70-80 percent.

700

600 ¢
*
500 A *
- * .
% 400 - - PCD Standard
=
g |
a 300 A [ ] *
S
2 -
200 W -
100 +
O T
0 20 40 60 80

Fig.3 Influent and Effluent Soluble COD Concentration
in mg/L
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From Figure 3, influent and effluent soluble
COD concentrations were in the range of 310-
540 mg/L and 160-390 mg/L, respectively. As
expected, the removal efficiencies for soluble
COD were only 27-61 percent as compared
to 50-78 percent for the total COD reduction.
Thus, the major mechanism responsible for COD
reduction was probably not a biological means,
which needed longer HRT. Fortunately, soluble
COD contributed approximately only 19-27% of
the total COD for the influent stream from the
pig farm. An effect of soluble COD increase during
the washout on Day 35 was not as significant as
compared to the total COD results in Figure 2.

5.2 Total suspended solids (TSS)

¢In
600 1 mOut

TSS in mg/l
.

PCD Standard
| ]

Fig.4 Influent and effluent total suspended solids

concentration in mg/L

From Figure 4, influent and effluent TSS
concentrations were in the range of 410-1,360
me/L and 152-1,200 mg/L, respectively. The treat-
ment efficiency for TSS fluctuated widely from
11-81 percent and was almost within the PCD
standard for TSS at 200 mg/L, for most of the

time. On Day 35, an effluent concentration was
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found to be more than an influent concentration
and was an obvious sign of washout. Cumulative
solids in the system contributed to solids wash-
out from the system. Strong correlation between
total COD and TSS in Figure 5 (R2= 0.82) has
indicated that majority of organics in the input
wastewater was in solid form. Therefore, treat-
ment of the total COD in Figure 2 was confirmed
to be from solid sedimentation with removal

efficiencies of approximately 50-78 percent.
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Fig.5 Correlation of TSS vs. Total COD
5.3 Total Kjeldahl nitrogen (TKN)
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Fig.6 Influent and Effluent TKN Concentration in mg/L



From Figure 6, influent and effluent TKN
concentrations were in the range of 115-348 mg/L
and 35-313 mg/L, respectively. The TKN samples
here included both solid and liquid portions.
The treatment efficiency for TKN was found in
the range of 10-70 percent with an average of
25 percent. The effluent concentrations were,
for most of the time, below the PCD standard
of 200 mg/L. Therefore, the TKN removal in the
system was adequate as far as the influent TKN
concentration was not high. From Figure 6, not
much reduction between input and output of
TKN was observed. Therefore, solid separation,
which was expected to be the main nitrogen
removal mechanism, could not reduce majority
of TKN entering into the ABR system during the
80 days of experiment. This was perhaps because
soluble TKN, which accounted for 45-85 percent
of the total TKN, was almost unaffected by the
process that was suitable for total COD and TSS
removal. The findings were similar to the result
from Suthinarakorn [10] and Rattanakowin [11]
that majority of TKN could not be biologically
transformed or removed in the three- and the
five-compartment ABR regardless of the input

TKN concentrations.

6. Conclusion

The system of a presettling tank and a
three-compartment ABR can treat high solids
and high organic wastewater from a pig farm to
a certain extent. The performance for total COD
removal was between 50-78 percent and majori-

ties of organics and solids removal was by sedi-
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mentation. This was because the HRT used here
was significantly shorter than the conventional
ABR (2-5 days as compared to 14-15 days). The
efficiencies of sedimentation process, however,
can be very sensitive to solids accumulation
and washout. On the other hand, average TKN
removal was only 25 percent. The low removal
efficiency was due to the fact that majority of
TKN was soluble and the soluble part of TKN
cannot be removed properly in anaerobic proc-
ess. When considering the PCD standard for pig
farm, the system still needed an improvement,
with respect to total COD and TSS concentrations
in the effluent. Enlargement of a presettling tank
or an additional presettling unit with solids drain-
age ports could be a practical option for better
solids and organics treatment of small size pig

farm wastewater.
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Tagszdalaslulasingdu (TNT) mendalaeldisinnisanasweanisinueas (Fluorescence Quenching)
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dulaiuingsuide TNT Wowuudr 2 wiln Toun ansiidlaseadralssnausie Arylethynyl calix [4] arenes
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AU TNT wua1 ANC a@nsaannismsastadniaunin TAP Jadenly ANC Tunisnageudu TNT Tuniaguis
Pnnsenwnuigieldansazans ANC Wudu 5 mM U395 5 Ll 1EeUAIUUNTEA TSN UTAASENAIN
nsgaunsesiiviiunquneaeuiindeuteunqunaaeumely (Wax) dunsmiunisiniuasiionegisiaion
melvaen Black lisht wasiflewnssmusananlunenaisazans TNT lueniuea Wudu 5 mM Usums
5 uL FeaaduuSuna TNT 5.675 ug WUINITAERINAIANNNTanaIeINITIILEEadunafen1aE
Farou uazlimunsanasesmamuawenszauiiadey ANC vinwasuanasazate TNT iuingszida
fdu 1éuA PETN uag Ammonium nitrate e ansUszneuiiléiliudiuusznauluingseidn wu Potassium
nitrate wag Urea ﬁaa’lsﬂizﬂauﬁluﬂ 1 Naphthalene Wag n3Y3 Judu egslsinnunisanasnesn1snng
uasaansEAuiadou ANC asiintuldfuarsussneuleglungu Nitro aromatic #u Picric acid, 2,6-DNT
ua d-Nitroaniline wagnuinszauiladou ANC anansathlUliuszendnsamleves TNT 1 Wethnszany
fndou ANC TdaslunsusUnuunn 150 mL fidinda TNT Usinas 0.1 ndu felSifussesnan 3 u nszaudl
\AE0U ANC ziiinnsanaswesnisImsaaudunaldden wenaninszaeiiadou ANC anansathluldlu
mansavn TNT andleuasidernvasyarafiufifeuieatostuingssde TNT 18 enddeddudeyadesdu
Tunsdmeatianisamuasluimundugagunsalnsiaingseida TNT wuunnwile

AEIARY : N1TINUEY MTARABINTIIMa eslulasingdu ANC

Abstract: This research is a feasibility study on the use of fluorescence technique for naked eye
detection of trinitrotoluene (TNT) explosive based on the fluorescence quenching of the fluorescence
compounds synthesized within the country and pre-evaluated for the fluorescence quenching
property. Two types of fluorescence compounds used in this study were arylethynyl calix [4] arenes
(ANQ) and triphenylamine conjugated with pyrene rings (TAP). These fluorescence compounds were
tested with TNT, and ANC was found to give a clearer fluorescence quenching results. ANC was
selected for preparation of TNT test strips in further field study mimicking the situation in which TNT
may be found. The ANC solution (5 mM, 5 pL) was drop cast onto the holes generated on filter paper
strips via wax printing. These test holes showed strong blue-green emission observable to naked eyes
under black light. Upon contact with TNT solution the fluorescent spots were quenched with the
minimal amount of 5.675 g of TNT (5 mM, 5 uL TNT solution). With other explosive solutions such as
PETN, ammonium nitrate or other non-explosive compounds such as naphthalene and camphor, no
fluorescence quenching was observed. However, the fluorescence quenching was also observed when
tested nitro aromatic compounds similar to TNT such as picric acid, 2,6-DNT and 4-nitroaniline. The
fluorescence quenching was also easily observed with TNT vapor generated from 0.1 ¢ TNT amount
placed in a closed container for 3 days. In the field test, the ANC test strips were also able to detect
TNT contamination on hands and clothes of personnel working directly with TNT. The test strips

studied in this work are potentially useful as portable devices for convenient detection of TNT explosive.
Keywords : Fluorescence, Fluorescence quenching, Trinitrotoluene (TNT), ANC
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Tuneau Taeiiansadunuddosd

4.1 MIANWNYTIUTEUANURNNTTIT AV
NsEMIYNRaaUTIAGUaTT ANC W30 TAP Uazn15am
ANYDINITITANYOINTEATNATOUTIAEUATT ANC
u3e TAP Wledudiarnuingszidn TNT lusieafuings



4.1.1 W3sunNISTAEIAdaUaITaza1y ANC
139 TAP lagngnansazaeusdansinikas ANC w3e
TAP awumzmwﬁ'ﬁwLﬁquwmauﬁmﬁawau
vguiely (Wax) seadosfisnil (Wax Printer) lile
Anlansinuasdninegluusnumageu nefnw
putd e sEnsazansaTILasTdlunsIedoU
3 ANUILNTY LA 0.5, 1.0 wag 5.0 mM lawans
Mikasazargludivhavansmnselalasnusy uag
Usunsildlunisindeu wiazarududude 5 pL
98 19NSLARBURITAYANLENTINIEIBIVUATEA Y
VPFOULARITININT 3

4.1.2 Wisueunisinakasniglaviasn
Black light v@enszamevadaufiwieuldainde 4.1.1
Wisuisuiunseauiildlsadouansinuas

4.1.3 neag1sarary TNT luteniuea
Wudy 50 MM asuunsEATNREeU WaaIntuTh
nsgaunagaulunagounisinwaeniela Black
light

s ke sl AT

a aa a a
AMNN 3 LERNSNSIAARUANTaraga1sINILEs (ANC %59
TAP) aquuUNIsAuNaday

ANSANENUSEUEUANURANITINILESYBY
AsEAETiAdeUaTs ANC ¥3o TAP Wazn15anadves
mMyMLaeInTzawildudatiuingszida TNT Tu
o fuRnisnuinsgauiiadeuasaniuas ANC
ALY 5 MM agdanamiunSITLEmERUaN
Igegnstmau slnlenseamusanandudatu TNT

NIANTIVINTLTIT LU TRENTEIATBUNA
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=2 o 3

FIFUAALAUNITANAIVBINTTINILEI LA DE19TR LU
fe dmSunseaenngeuTindeuaisazaty ANC
Fflaududuanasazdaunadiunisniuasiaen
Foutiovas vlidlonszaesnandudaiu TNT
JedunaiunsanasweINTILElATAluaYAY
& luvariinssauiadouansaneas TAP tumy
11 ilefanszaneliauuinseawasnane dudinna
Tnslanznszaeiindeuansazans TAP fiflansdy
Fusnnti vesnseaevingoUaLNNTY YT
AENITEUNANITLANNITINILEIVBINTEANENAZBY
LAZNTANAIVDINITINILEITDINTEATBNAdD UL D
Suiatiu TNT Ingdvesnszawnagoufivhnsiadeu
fheansarvane ANC uag TAP fienudiudusingg uang
Fannd 4 mnmamsmaamﬁmgﬂlﬁdwﬂizmw
noageuTiszaulunIsdnenIsIILELaTnI5an
asweInsIMLailodudatu TNT fenszauvageu
Andouansazany ANC 5.0 mM satiulunsnnaos
solulusuisviiannasslagldnsyaumaaeui
\AABUMYENTazany ANC 5.0 mM

(n) o5 mM._u

1.0 mM«—

—os5mm ()
«~—1.0mM

5.0 MM «— «~—50mM

AN 4 LEAINSEAENAABUTNLARDUMIYEITAZANYIN LA
AMUILTY 0.5, 1.0 wag 5.0 mM

(N) NIzAuNAdaUTLAdaUANTaYa18 ANC

() NITAYNAABUTLARBUANTAYAE TAP

4.2 MTHIAIUANIZIZTUNITANANYNNIT
VIV TEATINATOUTAGIUFTT ANC

ASNAFDUAIUANILLINLAILUNITANAITD
MIIMUETBINITAENRde TR AU LaITavaTe
ANC 5.0 mM aziinisanenlagliinseaunagou
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Fufa fu TNT wazarsadfidlaseadraniaad
Aaney TNT lawn Picric Acid, 2,6-Dinitrotoluene
(2,6 - DNT), d-Nitroaniline a133ngszidn lauwn
Pentaerythritol tetranitrate (PETN), Ammonium
nitrate (NH,NO,) ansignlfidududsznevly
Togsuida laun Potassium nitrate (KNO,), Urea
wazansUszneudu 1éun Naphthalene Wa¥N1SYs
Tasasazmennsitlinaseufuasazaneifiam
gy 50 mM Wity Teeiiduneussl

4.2.1 wisnasazans ANC firnudud
50 mM lusvhasaewnselalasyusuniouuu
NSEATYNAGDU

4.2.2 wivnasazarvdmsultdudany
NEAEIAFEUIDANEIANLIRNIZ1YaTluNTan
A9TBINITINUENVBINTEATYNIAGDU tALNEITaTaNY
TNT, Picric Acid, 2,6-DNT, 4-Nitroaniline, PETN,
Naphthalene uazn13ys laewmsesluivinazany
lovnuea wazansazay NHNO,, KNO, uas Urea
wisnluivhazaretn Tneansavaneilddudady
nsEAenAdeUYNYIANANLIYNTY 50 mM

4.2.3 venasazasfifeIn1snaaauAIY
LRNILI129lUNTANAIVDINTITINILEIVBINTEAY
NedeUTIAAEU ANC Mds1ntudunnnIsanaues
nsInuasnglavasn Black light

4.3 n19m999117%89n159 59998 (Detection
Limit) TNT #aensenismaaouilnday ANC
nenaTazaty TNT Aaudy 0.1, 0.2, 0.5

WAz 5.0 mM U319 5 pl aquunsenevaunaaauy
findeueansazans ANC firnududu 5.0 mM
WHRZMaNVIAdDY MU LNANANAUBINTTIN
wasnglavaen Black light
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4.4 N1INAFaUNIIANANYBINTTITIMAIYDY
nszmwiindou ANC iledudaduloves TNT lu
7vuUzUn

Fnrsnaaeulasldnszauneaeuiiadeu
Freansazany ANC fienududu 5.0 mM Beasu
nszawergiilounesdfilaeguuuinvinguaey
U319 150 mL flussqinda TNT dutinenag fail

Ialufl 1 1nda TNT 0.1 ndu

Yalufl 2 1nda TNT 1.0 ndu

waludl 3 1nda TNT 10.0 n¥u

mmgﬂ%mjﬁmiﬁ;mﬁm TNT wansluninil 5
vimntudananisanasweinsmuaseldvaon

Black light wlovaminuly 1, 2 waz 3 Ju

-~

TNTO1g TNT1.0g TNT100 g

il 5 nan TNT TuragUsmfidnssaunaaeuiniiou
ANC Anuuevaiiiisumlasenineg

4.5 M3nsa9geun) TNT vndlauasidorve
disznavingsside TNT

N15M519@0UMIEs TNT a1nilouastaedi
yoagfiusznouingszida TNT sinisifiudiedis
1ND1915IVBIEINIVINUNT LSS BUNIYTDUNTY
9a0uind1 Mvinsusgneuingseide TNT Lile
N5eEEANT5YAsEila TNT 713U 3 w1g vins
nnasssIuLay 2 A% Tnenisvedeuldnszany
nadoUTiedousaIsazats ANC Wadyu 5.0 mM
npFUREATAe q el



451 meaeuTs 1 thiwesiiussneu
Snqsviln TNT theasuunsznuviaumageuiiadou
ANC Taenss fanmdl 6 9imiudananisanasoams
Mmaanelevasn Black light

i 6 nsliihvesiiduiaingsvidn TNT dreasuungy
NAFOUNATOU ANC Laemse

452 MsVAEeuIsh 2 nisida (Swab)
foveNusenauingseida TNT Aaen1udd
(Cotton bud) yusvhazaletonIuea 3N

dAunzaIUUNTEANYRNNAFRUTAGEU ANC AINIW

al

7 7 Funani1sanasuadnismuainielivasa Black
light

(n) ’ ()

MW 7 M35 TNT ndlevesynusenauingseidn

(n) uanan1sdniievewi Usznauingszdn TNT
mgMUdaYUeNILEa @15 ANC

(@) wansnsthemuddasuuvaunageuiiafoy
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453 mMIeaeuI™ 3 vhnmsdadetinves
fvsznouingssdn TNT semudayuivinazas
OB “Mﬂﬁuﬁ’]ﬁﬂuﬁﬁaLLWSﬁQ‘UU%@MW@ﬂ@Uﬁ
LAEU ANC F9n ¥ 8 F9nANISanasaInIsInILEs

nelaviaon Black light

AWt 8 mansav TNT 9niernvesdiusznoutng
5310
(n) wansnadadernvesusznoutagszidn TNT
mgiudayuenIues

(@) wanensieiuddasuumaunegeuiniouans ANC

5. NANTSANEN
5.1 WanISANYNUTIUIgUaNTRAITIVIE
YN TENIINAFOUTLAEEUATS ANC %50 TAP Uay
N1589ANYINNTTITIAIYEINTEATINATOUTAR DY
815 ANC %30 TAP iileduriaivingsaidn TNT Tu
sosufvinslanansd
5.1.1 WNan1sAne1dauvAn1IININEsUD Y
ﬂizmwmaauﬁmﬁaumi ANC LLaznN15ana3u94
MIMILAWBINTTATENAGDUTIAGUANS ANC le
dudfaruingsnda TNT wuhnsyanuvaaeuiladou
ansavany ANC iudu 5.0 mM ansnsadanaiiunng
Mmuatlitauninssaevadeuiindouaisazane
ANC Finnadiudu 1.0 waz 0.5 mM anuaeu wazidle
neaa1Tazaty TNT WUy 50.0 mM aauunszaty
neaeuTideuaisazas ANC Wudu 5.0 mM 9z
ANNTNFUNANITANAIVDINTITINILAATALIUA I
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Msnenansavats TNT asuunszaenageufiadeu
a15aza18 ANC 1.0 ez 0.5 mM AIua1AUNITIN
WameInsEAEnade Ui AeuaIsazany ANC A2
Wudusnge uanedaning 9

+<—Blank
«<—ANC 0.5 mM
<—ANC 1.0 mM

+—ANC 5.0 mM

AT 9 LEAINISINILAIVBINTLAT LN AR UNLARDYU
#@15a¥ane ANC N3 uTu 0.5 mM, 1.0 mM wag
5.0 mM

5.1.2 Wan1SANEI@NURANITINILAIVD
AsEAENAEUTIAABUATS TAP Lazn15anasues
AMTIMINEBINITATENRdEUTIARaUaS TAP Wie
duatuingsnda TNT wuhnszanuvageuiladou
ansazans TAP Wudu 0.5 mM adsadanauiiunng
muaslddauninssamumedeuTnaeUmsarans
TAP fia iy 1.0 uaz 5.0 mM mudeu waziile
neAETaTaIy TNT WuTd 50.0 mM asuunseay
negeuadouaisazaty TAP W4y 0.5 mM 9z
A11150dUNANITANAIVBINITINILEILATALIUAI
MInenanTazans TNT asuunszaemadeufitadou
#savaty TAP 1.0 Wag 5.0 mM AUaay @i
finszauiipdeu TAP fiarududu 0.5 mM LAn
mMyMuasiignsadanamulddaeuninnszaud
\AoU TAP fimudiudu 1.0 uae 5.0 mM iesnain
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a13arany TAP Nlanudutdugadu asarangasisy
AA Y W X o v A a
A UTALUTUYN AL DLAR D UAIUUNTEAENTDIY
W ANTEAENA@aULAUINIAYI IEINANITINILES
mealalutaau danalimilanssaunanandula
AU TNT 22&4NATUNITANAIY8IN1TINILEIN IR
Taldidaumiuiuy
5.1.3 WansANwIUIeUEUNISALNANIS

PILEIVDINTLANENAFBUNLAZDUATS ANC 15085
TAP La¥N15anadva9n1sI1IbEIv8INeaunaaaun
\AFeUENS ANC w3eans TAP Waduiatuingsuidn
TNT A9wandlunisIen 1 NUINSLANYNAABUN
WMABUANSAazay ANC 5.0 mM @1115089NHN1531?
LAY LAZNITANAIUBINITINILELLDNTEANYNAADU
dulanuingseidn TNT ladaaunigadaiiauiu
NSEANUNAARUNAFBUMILATTazaty ANC AR
WUTUANNIT @ MSUNTLANYNAADUNLAADUAILEANS
TAP azdansniunisinuasladmautiosninnsemy

A a a v v @ =
NAADUNLAZDUATS ANC IANULTULYINAY L D990

P Ao o ° v
nszANuNlARRUATTazany TAP aziiduinna vinla
SUNIUNITFINALAUNITINILAY LAYN1TANAIUDY
A15INMBEIVBINTEANYNAADU AIUULUNITNAADIND
TUlunuddedazidenldnszamunagauiiadounie
a15azae ANC 5.0 mM wilasanidunseauvngau
PupsitunsImuatladaauiian uanietnszay
NaaERUNPADUA1aza1y ANC 5.0 mM Tudutiany
Tagszidn TNT a@unsadanaiiunisanadsadns
M LATARUNFAULALINY FINANITINIREIVDY

A A v v

NIYAENAFBUNLAFBUANTAZA8 ANC AINUWLTUY
FiN9°) WBUAUNITINLENTDINITZANBNAFDUTILAZDU
A1582878 TAP A INTUAN0) LAASNaRInIT199 1

P
WAZAINA 10



A151991 1 WAINATELNRNITINILELAZNITANAY

YDINITINILAIVDINTEANENAF DU

WWasUA1TAaTany ANC 1150 TAP nauwas

naaduNanuIngseiln TNT

ABAAMS | ASANTBIMTIMILEN

ansildiedeunseay TN (Fluorescence

VAgoU (Fluorescence) | Quenching) Az

fiu TNT

nszawliindovans NF -
(Blank)
@1sazany ANC 0.5 mM F Q+
@1sazany ANC 1.0 mM F+ Q+
@1sazany ANC 5.0 mM F++ Q++
g@1savany TAP 0.5 mM F+ Q+
@sazany TAP 1.0 mM F Q
@1sazang TAP 5.0 mM F Q

Fooyneds 1an1s13kes
NF visnedis Ldifansanaas

Q  WEDY LAANITANAIUBINITINILES

+ U809 ANUTARUlUNSELNR

Blank «—

ANC 0.5 mM «—

ANC 1.0 mM «—

ANC 5.0 mM «—

«—Blank

+«—TAP 0.5 mM

+—TAP 1.0 mM

«—TAP 5.0 mM

AN 10 LEAINISINILAIVDINTEABNAADUNLARDYU

a158a18 ANC AMUDUTURINe) LBUAUNIT

TMUEUBINTEATNARDUTIARDUANTAZAY TAP

AU TUANGE

NIANTIVINTLTUTEUUNLTRENTEIATBUNA
CRMA Journal

5.2 KanIsnaaunIuanIeaIzadlunITanad
YNNITIIMANYDINTEATHINAOUTAGEUATT ANC

PINNANITHUANAITANAIVDINITINILEIVD
nszAuilndaUasazans ANC leduiaruingsviln
TNT wazansvindu sauanslunisnad 2 wazand 11
nuuenaningszida TNT farunsoiinduns
ASenfunsemumadeuiadouansazats ANC U&7
flarsdn 3 vla fiawrsadunaiiunisanaswes
N193LEAVDINTEATYNAADULADE19TRALAN LAKA
Picric acid, 2,6-DNT wag 4-Nitroaniline ﬂmzﬁmi
Aduingszilavdeasiisdesiuingszidnuia
3w ldanansarilfiAnnisanawesnisininawes
AszaEnnaoUld G99 nranIsnaesaziuliias
‘1/15\‘1 4 ¥3n Town TNT, Picric acid, 2,6-DNT wag 4-Ni-
troaniline fianunsavilinszaremageuiins e
ananduansillaseatradu Nitro aromatic Wity

ﬁ'ﬁqﬂﬁz NANISEILNANITAAAIVDINITITILA
a A d'
PDINTEANNLARDUAITAZAY ANC LD

v v v v

wdaiuingseiln TNT wagansyiindu

asshegniildduiatiunsene | nensanasesTITIaIVeY
NadaULAGDU ANC durianuansseg
1. msinnsidauazansiliiiy
dudsznauluingszdn
1.1 TNT Q
1.2 PETN NQ
1.3 NH,NO, NQ
1.4 KNO, NQ
1.5 Urea NQ
1.6 Picric acid Q
1.7 2,6-DNT Q
2. awﬂwaau?ﬁm
2.1 4-Nitroaniline Q
2.2 Naphthalene NQ
2.3 Camphor (17Y3) NQ

Q MU LAANITANAITBINTITINIEN

NQ e LilnnsanasUeInITITILES
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<— Blank
«— ANC

<+— Blank
«— TNT
1Adau

\ARay
ANC
5mM

<«— Blank
\pasy =
ANC
— ANC

<«— Picric Acid
e
«— 2,6-DNT

<«— 4-Nitroaniline

<«— PETN

<— Blank
+— NH,NO,
+— KNO,
«— MY
<+— Urea

5mM <+— Toluene

«— TNT
<— Napthalene

«— H,0

ANFINILENVDINTEANY  NTANAIVBINTITINILLEIVD

VAFOUNDUAUNE ASLANENAADUNAIRUNE

AN 11 NENITNAABUNITANRIYBINITITIHANVBINTEAY
MAdouansazaty ANC eduiaiuingszidn
TNT wazansviingu

5.3 HANSVIAROUNISUIRAIINATDINITATIVIA
(Detection Limit) TNT wesnszaumadeudindeu
ANC Toeiiovinseanunngouiitndeuans ANC an
yin1srenaEnsazate TNT AUty 0.1, 0.2, 0.5
way 5.0 mM USu1ns 5 pl asuunseaunngau
LAEFUNANITANAIYIBINITINILENVDINTEA T YVIAEDY
WIUAUAITINILERVBINTLANEYIAGDUN D UAUNENU
TNT wuidlenenaisazate TNT 0.1 mM asuu
NFLATYNAFDU FLANUNTOFUNAAUNITANSIVBINTT
uaslafisadndosuazlddnau umdiodfiuaiy
Wuduresansazats TNT fiMenasuunszaemagoy
i 0.2 waw 0.5 mM 9z BRFLAATuNNTanaweINIs
MudweINsEAENAFeUldTAeuTY uasiiiawiey
AuranIsuenansaranty TNT WUy 5.0 mM anas
UUNTEANWNAADU FLaUSOAUNITANAIUBINITIN
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wasldosnadmauiian fanmil 12 dedudeduan
USnas TNT tfesfign annmsveaasazans TNT i
U 5.0 mM USH1915 5 pl 89UUNTEANENAFDULE D
ELNAIUNITANAIUBINITININEITIEATALIY
flgn Ao UTuas TNT 5.675 g

<«— Blank <+— Blank

+«— ANC

<«— EtOH

LAdey wndau
ANC e «— sol TNT 0.1 mM
—
5mM 5mM «— sol TNT 0.2 mM
«— sol TNT 0.5 mM
+«— sol TNT 5 mM
ANTIMUENTBINTEANY  AITAABIUBINITITILAIVD
AR UNDUAURANU ASLANYNAADUNAITUNA
TNT AU TNT AU UAS9)

AT 12 HaNSNAEBUNNSINTAINNANITATIITA TNT A8
ASEANENAFDUTILAZDU ANC

5.4 HaN1TNAFDUNITANAIUBINITINILEIVDY
nsyauiadeu ANC edudaduleves TNT u
Aruzdanuinssaenageuiideuans ANC fifin
aguunsAveraiiilounesduarUnaguuUinuin
sUtLgrun 150 mL fiussgndn TNT dwtin 0.1,
1.0 tag 10.0 n3u wudmismwmaauﬁa@mmﬁ
filoves TNT twin 10.0 n3u axdunafiunisanas
Y09N1TINLEVINsEAEnadeulfsionasiuly
13u daumzmwmaauﬁa&ﬂummﬁﬁlmmm TNT
dwein 1.0 n%u uaz 0.1 nfu xdunmiunisanas
Y99IN1TI1MAVINSTAwnadeulfienaiuly
2 T uar 3 T eudny NHaNIAARRETU
AsTATENAdEUTiAREUATS ANC @131508AN15977
waslilonszaumaaeududatuloves TNT Usua
1NN



5.5 HAN1SATIAFOUMNAIITANA19YDS TNT 910
fowazidervesifiufuiRnuieadeatuingsudn
TNT Tagn15§9nANITINILEBINTEATENAFDUT
\aava1sazane ANC 5.0 mM lanan1snadau wand
Fannil 13

+«—— Blank ——
+—— ANC ——
+«— Solid TNT —

+— TNT solution —=

«~— TNT nideth —

AUsznou TNT AU 1 HUsznau TNT AU 2

AN 13 #aN1IATIREEUNT TNT 9nilouagiiernuei
UURnuneesiuingseidn TNT

a = Ao
NIEANUNAFBULAIN 1 Wunseaulunday
a15aza18 ANC 3990 fiUn1991I0a9089nN52A e
el Black light
ATEANENAARULAIT 2 unszauiiAdau
a15aza18 ANC 5.0 mM &9naiun1I1Ladad
NTEANYRILA LA BE1TALAU
~ < A oA
ASEANYNAZBULEIN 3 LJUNSEAIUNLAGDY
@13a¥a1y ANC 5.0 mM naaniuiinvedsn
Usenaungsviln TNT Ungasuunseaunageuil
A [ =3
WMABU ANC TAgRTI ALEUNAIIUNITANAIUDINITIN?
waAIIEA YA
ATTANENAARULAIN 4 unszanuiiadau
a1sazaty ANC 5.0 mM ndantudinudagy
enueainiunsdaiiovesivsenauingsyidn
TNT Theasuunseaunadauimaasy ANC Lagmss
ALAUNATUNITANAIVDINITINILAIA LA DALY
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nszmwmageuLanil 5 1unseaviliadeu
ansazany ANC 5.0 mM ndsniuthiuddruie
yuoafikumaindervesdiiuseneuingszida
TNT theasuunszarumaaeuiiadeu ANC lngnss
AUNAVIUNTANBIVBINITINIAIRILA TR

6. dyUuazanusiena

6.1 AMNNANITITYNUINATALAIYUDIAITIN
wets ANC 1Huansazanelallfid vliilethansazane
ANC lUidauuunsemunnasy anunsadaunmwiu
ATINILEAIYBINTEANENAABU WAENITANAIUDINTST
LA ENadoulieduiaty TNT laogns
Favou Insamzdlodasazars ANC Wudu 5.0 mM
USU9S 5 Pl LARDUAIUNATEAEYIARDUILENNITE
FUNALAUNNTINILAIVBINTEANYNAADY LATN1TAR
ADINTINLENI DnTEATeAd USUTARU TNT
li¥aauiian luvaridvesansazanevosansInLa
TAP fidaeudalunsadu vilslowhansazans TAP
TUimdouvunsemeneaeusaindudinnarils]
ANUNTAFANATAUNITINILEIVDINTEAENAFDU LAY
ANTARAIUDINISIILEIUBINTE A EnED U o SUNTA
fiu TNT laeghadaiau Faladoazuinansiniwas ANC
TanumanzauninasIas TAP lunislaimdeuas
vunszaunaeuitelilun1smsamingszidn TNT
Tumaauy Tnsensiileldasazats ANC Wudu
5.0 MM LARBUAIUUNTEAUNAEDY

6.2 Wlethansazans ANC Tuwwnszlelnsyusy
50 mM Ledsuasuunszaensesfivdunszany
vaunadeuadeureunqunagausaely (Wax)
FUNATIUNSINILESVDINTEABNAFDUA1EA1DENS
Foauneldvasn Black light wasiietnssane
nagausInalunenansazate TNT NuIngang
WIUN1TaNA9YBIN1TINILENTBINTEATYNAFDUR Y
aUategatmau waarliauisadunaiiunisan
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A9T9INITINIRAIVBINTEATBNAFEUMNLUBE LN
ansavanes TNT Wuingszidaddu léun PETN uag
Ammonium nitrate #30a5UsznouTdaauiilddu
duusznauluingszida Wy Potassium nitrate way
Urea M%@ﬁﬂiﬂisﬂauﬁuﬂ 19 Naphthalene uag
Msys WWusu agnslsinunuinuenan TNT udans
Fansaviliinsyanumageufiadouas ANC annis
1muasld e Picric acid, 2,6-Dinitrotoluene (DNT)
wag 4-Nitroanilene %ﬁaﬂiﬂizﬂauﬁmmmammi
MmuaweInsEaumageuldemaiuasuseneu
Usglan Nitro aromatic LazaINMTMTasinsgn
Y89M1305399M (Detection Limit) ngseida TNT
dloldnszmumedeuiiadouseasazaty ANC W
2 5.0 mM wuIna1sazay TNT Tuleniuealuty
5 mM U3u195 5 pl SedaduuSune TNT 5.675 g
AN TEAIENARBULNANITANAITDINITINILEIIU
AUTOFUNAAILAIDE1ITALIY

6.3 n3zAIYNAdoUTidauaIsazaty ANC
WaTU 5.0 mM @unsansianmilevas TNT 19 lae
laidnDusddst TNT dulaiunseaunaaaulnenss
Feanmsnaasamuindietinssaemedeuiadeu
asarae ANC Aasnulunseavezgiilleunesduas
UnoguunuangUeasiuuia 150 mL Aiussginan
TNT thwdin 0.1, 1.0 uae 10.0 ¥y wunszay
maauﬁa&ﬂm’mﬁﬁlmmm TNT Ywiin 10.0 ndu
1.0 NSy way 0.1 nSuazdunmiunITanasveens
MInaUeInsEaEnadeulssieneg 19 uLle
naWuly 130 2 U uay 3 Tu auaney

6.4 aunsaUszgndlinszawmaaeuiadeu
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Abstract : Development of analytical instrument of subjective tests for the Royal Thai Air Force is
categorized as Research and Development (R&D). The objective of this research is to develop analytical
instrument of subjective tests for the Royal Thai Air Force to be processed and viewed on the Smart
Phone, and to survey user's opinions. The steps of the development are as follows : 1) Analyze the
old system and user requirements from Navaminda Kasatriyadhiraj Royal Air Force Academy, Air
Command and Staff College and Senior Air Officer College. 2) Design system to support the use.
3) Develop instrument to support data and display on Smart Phone and 4) Test the system both in
simulation and real situations by using 7 random people from 3 institutes of the Royal Thai Air Force.
The development of analytical instrument of subjective tests for the Royal Thai Air Force will make
teachers and educational personnel of the Royal Thai Air Force aware of the quality improvement
process for examinations. The process has not been used in the Royal Thai Air Force because
educational personnel lacks knowledge and understanding. It has been considered as a difficult and
time-consuming process especially the process of statistical data analysis. Users who were randomly
selected have responded that the access to instruments, the ease of viewing data results, the
completeness of the statistics required for analysis and the reliability of the instrument are at the
highest level ( >4.50). The ease of data entry and the convenience of applying the results of the

printed examination report are at a high level (3.50< <4.50).

Keywords : Analysis of Subjective Exam, Subjective Exam, Subjective Test Instrument
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Abstract : This research is part of the unmanned aerial vehicle for precision agriculture. The objective
is to develop an unmanned aerial system that is equipped with a multispectral imaging camera and
develop software to analyze the Normalized Difference Vegetable Index (NDVI) in real time and locate
the location of the stress plant. The NDVI calculated using live stream video input from the flying UAV
and located the plant stress coordinate. The coordinates are input into the flight planning software
for control the UAV to that coordinates for further fertilizer spraying. The flight test location are 2 rai
of the lime field and can be located the 3 interested coordinates from geolocation real-time NDVI
software. The flight test results show that the UAV reduced altitude for home position, 100 meters,
and continue flying to the 3 coordinates using speed 6 m/s with the speed error +1 m/s. The flight

position error between 0-6 meters and the altitude error between 0-2 meters and can be reduced by

using the high performance sensor for further development.

Keywords : Multispectral, Aerial Photography, Image Processing
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Abstract : Consumable products have short shelf life. Management of such products requires a
controlled temperature storage in order to prevent premature deterioration. The purpose of this study
therefore is to manage and control consumable products through purchasing process that takes the
product shelf life into consideration in order to find the optimal quantity. The process begins with
product categorization according to ABC theory. Since the control of all products is cumbersome
and unnecessary, the theory is applied only to the products with high annual consumption rate. The
forecasting theory is then applied in order to identify trends in the product requirement and estimate
for the optimal quantity. The result of the study finds that applying inventory theories to the problem

enables us to estimate for optimal quantity of purchase which is adequate to the requirement. Finally,

the management of consumable products enables a more effective budget management.

Keywords : Consumable Product, Inventory Model, Forecasting, ABC Theory
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CARTRIDGE CANNON BCl-21 (COLOR) 2.709
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nINAUW CYAN BCI-3C 0.938
nINAUWA MAGENTA BCI-3M 0.938
niNAUWE YELLOW BCI-3Y 0.938
NANAUWA PHOTO MAGENTA BCI-3PM 1.773
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Abstract : Research and development of concrete ditch mixed with rubber latex farm irrigation system.
This study analyzed the physical and mechanical properties of concrete mixed with rubber latex
(pre-vulcanized). The experiment was performed in a laboratory to test the properties of the mixture
in terms of microstructure, workability, compressive strength, tensile strength, flexural strength and
water absorption of concrete. To test the performance polymer and cement (P/C) were mixed in
different proportions of 0%, 1%, 3%, 5%, 10% and 15% by weight to prepare the solution and was
further added to concrete and the strength of the structure was tested after 28 days. The results
indicated that the polymer cement ratio (P/C) of 1% gives the best performance with 244 ksc
compressive strength, 35 ksc tensile strength, 46 ksc flexural strength and 1% water absorption of
concrete. Thus, this study recommends that polymer cement ratio (P/C) of 1% by weight is most
suitable for construction of concrete ditches. The material used in construction of irrigation ditch was
consist of Portland cement 50 kg, sand 135 kg, gravel 148 kg, water 29.67 kg and rubber latex 0.83 ke.
For field research precast concrete lining ditch having the bottom width of 0.4 m, height 0.3 m and
thickness 0.07 m were constructed using the recommended mixture. The preliminary evaluation of the
ditches in the field also indicates that these ditches allow water to flow quickly and easily. Reduction

in the seepage loss the irrigation efficiency has improved significantly.

Keywords : Irrigation Ditch, Rubber Latex, Concrete, Farm Irrigation System
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<

Y 6

wutansatostunsiiduveaildinimedens
visensunsailinauienens [5] siseiitetes
Chatveera way Wongkamjan [6] Chatveera Loy
Kongsub [7] Ietfndunaudeiiiunm Sio, gun
wanndutanuesleanuieldlusuaeunin lae
oglugUvesmsunuiiyudumuiusdudunauun
aziduaunuiuduudundnluynaingas
ansailiidsiuusednntuuasfdnnumnm
AeasaratgdalnLaznInesdRNANIYUTIIUA
559U Wlpsnnidunauiiesdusenevves Sio,
Uszannidovas 81 vausiiyuTiwudvesnuaudiion
Uszneuves S0, Uszanmudeway 21 Homsriprasert
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wag Chatveera [8] laAnwauURnN1SSULITIOAVBIT
TolNALLDIUDIANT LAYNUINILEINALBSHDSASH
AAUTAIEUTENNT kA A1MASRgY ANETNTTD
s8R Ml numusensdudaansazane
Falplarn13AANToUYINTA Phoo-ngernkham
wazAny [9] lAANYIINSNAVDIDRNITIAIUNTI8AD

[

TagUszarusaandfveslelndiuosuasaisuny
A uBuAlasalaug nui1gnsidiunside
Saquszanuiifinduiliszesnsredilondues
sofFduualtimfindy uasvhlifdsiuusednuas
fdsduussdnasilelndmesuosisifiugatuny
USnaunsunuiudsmsiuasanaudinn
FadunsfnuifedFdldiunfslunsimun
AounInNaseeiantTaelud esainth
#1951y HanI Taan ludinaandRamuniuseay
Sounaranzwndoulussaumaldininhenmnm
s53u7R [10] Msfnwideitngussasd foll (1)
AN IAMANUANNARAENINENNYBIABUNIANEY
thenamns1 (2) Waunedsihmeunimmautineanns

aatunamsultlussuurausenulsun

2. 52108U35n1539Y
2.1 dan
1) Yudud - TJududvesauaunuseinm

=b.
—

2) v910 - Hunmeusififunaeay lfnasgu
ASTM C33 [11] Aranudadimiziianwdudai
whainiy 2.55 waganmagadanindosay 1.92 lag
thwiiin

3) #iu  Wuiuyudmiununead i avieInae
fyualngjan 25 uu. wneazlauInggIu ASTM
€33 [11] Fadarmnuarsdimeiianndusaia
whaviiy 2.71 wagAnsgeaduihiosar 0.95 lay
it



8) ¥ - W uszdriianeaudunsasadsyanu
5) thenannssdanddaadlud [12] - dhensd
’"J’amluﬁzﬂuaﬂnzsuaammLLassﬁugﬂLﬂumﬁamlwﬁ
1alagliidedlianudousn dionandsaniludss
asanuziiuresluanaziidnvasilumiiowdy
nswafaailudasltaudeounntinensnouniaei
wilegaitenvesi luganusuuddeudosnind
mslfansiisaizeifamnuieshgadufiay 39
vilmsvinenandtanludannsavilanieldaany
fuussemafigumadiant 100 ssmwaidea

2.2 dna1uy99neunss

AsAMUAdRdIuTDIREUNSATIdrEofaE
nagounuautinnanazliidusnsidiunauves
5’3@6%"11/1%mm@@iqfuwﬁluuaz@daﬁwLmuﬁwﬁﬁ]gﬂ
. 3 g
U3 (YuBiaud - 91 - ) uagdnsrdmesi

1AEANUADHSIAIUADUNTH A 1 @ 2.7

soyuBius (w/c) ity 0.60 Fefudmiuaounin
laiwamthenans dmduyudiaud 50 an. (1 99)
awldi¥aneing 4 feil vane 135 nn. funsan 148 n.
wazth 30 nn.

2.3 msimuadsuanbensaulunounss

msdnwldmundamdudosnsdeyudiuud
(Polymer/Cement Ratio , P/C) 11U 0%, 1%, 3%,
5%, 10% way 15% lagvedn mswdenusinas
wazienandtanluddmsuldnauneunin uang
Tumsne?t 1 YSunaniensildlunisnauneunin

nensIdlosaeyudaug (P/C) f1aq Feanly

YuBiaud 99031 50 nn. wagdnsidiu P/C Wiy
1% azldUTinanilosns 0.5 nn. thenadtaanlud 4
A1 D.R.C. (Dry Rubber Content % by Weight) 1y
60% faluriensmng 1 nn. Usznaudeduiiin
diogn9 0.60 nn. wagdwiduih 0.40 nn. Ko
Usinathensilagldnauaeunindmiuyuiuug 50
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nn. luenaniy 0.83 An. kazuiazlglunig
NALABUNSA 29.66 NA.

A151990 1 MVAUADATIEILYBIUILAZ U U HEL

Aoun3ailly
P/C Y3 Usue Vianauhild
downs  dhenodteetlud wewmeundm
(nn.) (nA.) (nn.)
0% 0 0 30
1% 0.5 0.83 29.66
3% 1.5 2.5 29.25
5% 2.5 4.16 28.33
10% 5.0 8.33 26.66
15% 7.5 12.5 25

24 laveasreganinvesnauninnauiirens
W57

N15Anw1lASIAE1IN99ANIAYBIABUNT ANEAX
ihensmmdemaiia ndemanssmisidnaseunuy
d09n31m (Scanning Electron Microscopy, SEM)
Hundesqanssmididanseusiands fisnenmiy
milagafevdnnisnselluuiuiafed e ding
feddidnnseuiiiindanugeiignuassainunds
fufin edidansounsenuiuiinuesiifiuseney
TUdeaznouney avlasedygiadiauisatiily
UsumawauaﬂmamaLﬂumwwummamm T,ma
fhethstunuasuns Ak eI TS dwe
gnesRy UL (P/C) Ny 0%, 1%, 3%, 5%, 10%
waz 15% gnihlulinsevifiviiieiinszvidnuas
wnzvesdan Audwaluladlaveuas Taquai
(MTEC)

2.5 MINAAUANANTAYIABUNSS

2.5.1 nMsnadgauAuasalunismle
NSNAFRUANENTOWLA (Workability)

vasnpunInannsavhlivatsisiuogfuanuuds
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vasmounin auunfvhg Wisdldnisnageunis
guia (Slump Test) fetuuideifadonldisms
yedeUMAINSEUSTIRaUnA (il 2) Taety
ABUNAFBUINBINIUNINTFIU ASTM C143 [13] il
MuUAkAZAIUANAINLAINSAIUNSWLATBIABUNTH
wauthensnsn IneUnfsnisgudasneuninlvies
Tusnasgrunsitaunludeglutisszanm 7.5-
12.5 9. (+/-2.5 @11.) Ingn1snageuau@u st
nawlivesnouninuazaeunianaiinens

a 1% a
AN 2 MsnRERUANNEINNSalUNSMIAvaIRBUNTALAY
WNIVAFOUMAINITURIVBIADUNTA

2.5.2 MINAABUMAISULIIDAUBIABUNTH
WAL 19W57

N1TNAADUNIANRISULTIONVBIABUNTA
I UN1SNAEEUMIAIAIIUR IUNIULS ISRV BITY
MBEg9ABUNTAFUNTIgNUIAN TaaivuanaunIn
pauthees fail Uiinandennsreyufiand (p/0)
WU 0%, 19, 3%, 5%, 10% Wag 15% yiNN131a0
é’hasmﬂauﬂ%‘mmauﬁwmquswgﬂmaqﬂmﬂﬁsumﬂ
15 9. x 15 93, x 15 93, #uunsgiu ASTM C39
[14] uazUniogIRBUNIANANTNE1INNT AisTey
nannsUy 28 Yu Suutunuinegamadeunsel
ay 3 fegs TN 18 Fegs ndtantuLh
Jusetrmamoulfegluuuausnarswasimiinng
nsestufieamaaeuinUsedetufindnii

Y

winnegeganvuisgmageuaunsasuld (nm

' I
1% v o [

7 3) NFOUNIUUTNNTUANYAULNITHANVDITUAIDEN

Y
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NAADULALAIUIUTIAIIUA TUNIULTIDAVDITU
A0 NAFDU AIAUNITA 1

fo=Pu/A (1)

f A9 ANUAUNIULSIDATDITURIDENNAFDY,
nn./au.2

2

P, fio dwmidnnageganfuiiedamaasuiuld,

nn.

1%
[

A A9 NUNNUIFANSULNNUNNAYDITUAIDE NS
NAAaU, 9.2

| T 1

AT 3 NNSNAFBUANRISULIIDAYDIADUNTA

2.5.3 NNSNAZOUAIAISULTIAS

nsAnudlamaaoufIdefuLsIfaves
ABUNIAAILIBHNTN (Splitting Test) lavinnisuas
FretsraunInnaungmn T dmsulivaaoum
fdsfsvosnaunin Fregr9tuaunadeugungs
NILUBNIATIIU WUNIUAUGNAIN 15 3. g9 30 .
(il a) AIULINTFIU ASTM C496 [15] Tnnivum
Frethatununadeuiiiidnsdntsunaniosnse
Yudaud (P/C) Wiy 0%, 1%, 3%, 5%, 10% uay
15% snnuTunusietmadeunsaay 3 faeeg
st 18 feghe thiethsnouninfivunsy
PusTEEANTITIMUA 28 YU uhnsinsuinuas
Fahminvesufiegmegey MeTuiieg1IaUY
\Aseanadeu (Universal Testing Machine) Toilé



AUGNANUULYIIAZBY NATUAIBEMAABUBENS
9 unsERUAN (A 4) winduiinusinmgaan
LAZAIANIAIAIYBIABUNTARIANNITN 2

T = 2P/(nld) (2)
g
T fe fdamauen, nn./wu.?
P A8 WSINAGER, N
| A mmmwm%uﬁaasmgﬂmqmzuaﬂ,
%3l
d o Wurhaudnansuestudiiegnesunss

ASTUBN, YU.

AT 4 A28 19NAFDULALNISNAADUNIAIS ULTIAIVDS
ABUNIH

2.5.4 MIVAFBUAIAITULIINA

NSNARBUMNALIARAANNEAYEUNTBNS
MAIINAVDIADUNIALEID Simple Beam ¥in1s
WEOTUMDE1IABUNIANELLNE1INIS TidRT1dY
P/C winfiu 0%, 1%, 3%, 5%, 10% Way 15% d115u
ldnaaeumiiidadnvesasunin fegleguauy
NAFBU YUIA 15 Bal.x 15 93.x 50 DU, ANUNINTFIY
ASTM C78 [16] S1unuuusnesamagounsdiay
3 fhets TV 18 fhethefiszaznannisuy 28
Fu Flensuszeznaimsuuud tuseaeuiiogns
sUAY Aadiupsemadeu TneAueIves Span
lencth Fadlaisiindt 3 Wiesrudnveswrisiiesig
Sawiunasuuulinsatuisnansany Tunsdfildns
Center Point Loading \UAAS0INARLLSINATULIY
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f7981998197 DL UBIAUNTENILVIIAIDEIILAN (NN
5) TAUUIAVDILNAIDYNNUNP ATILAN LA AU
PIAINIAISULSIAAVDIADUNTH AIAUNITN 3

o = 6M / bd? (3)
1ng
= 0 w w Iy} 2
o A9 NIATULTIAA, NA./BU
Ao AluuAaeEn, NN,
b #A9 ANUNINLRAYUDIMINFIDE
VUG ANLAN, Y.
d A9  ANUANRAYYIWINAIRENTINTNARA

AN, Y.

AMA 5 ATNAADUNAITULTIAAVBIADUNTA

255 mMsnadeuLsEamisivosnaunin
fowanLEsY

n1sVAdoULsIBmnTistvesnaunIaLiie
yeussdawievounanaiuviatedosdileglu
NOUABUNIAFIYNY 1ABon15Ae (Pull-Out Test)
¥nsvaeduiietsnaunie JUNSIgnUIAn LN
15 @a.x 15 %, x 15 9. (Ul 6) Fsilamandodon
MINNINTFIU ASTM C 234 [17] Frpg9nounaunsn
VAR UNALTNENINTASHIIEIL P/C Wiy 0%,
1%, 3%, 5%, 10% Wway 15% 7szezainIsuy 28
$u nsvngeuThnsansafousiegadiu Bond-
Test Apparatus Waziiduvae Testing Machine
Sudaadediussistumdniasutuiinausieils
LayszeslAoureumaniasy N 9 0.02 1. IUNTEITS

971 17 (2562) voL.17 (20190 105



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

usaaTlRsqagean (il 6) WWeunsmszminauss
SamileafuszezideuloauasAuiamaifidade
L%ijﬂ?@d?j@ﬁ]’]ﬂﬂ’]i%’]iﬁ’]LLiﬂﬁﬂQQ?j@ﬁ?ﬁﬁuﬁaﬁﬂJm
wianESuTduTaTunaUNan

AT 6 NSNAADULSIEALULYIVDIABUNIANENUIY19M D

WiaNLasy

256 mi‘mmaaumi@m%uﬁwamauﬂ%

m3‘1/1ﬂaaumi@m%mﬁwamam%mu
11M551U4 ASTM C1585 [18] WoRnwsesaznis
anduvasnaunIalasnsutin Tneviinsndenuy
maaumi@@%uﬁwamauﬂ% Tuwuurasauin 10
3% 10 3. x 10 %3, FvunsasIdILYe e8NS
soyugiuud (P/C) Wiy 0%, 1%, 3%, 5%, 10%
way 15% fisseziainisuy 28 Tu wdsnuuliszes
nanditvus vinnsiavuauardaiminuesiegng
vndey uazuasnegamaaouadlulivinudunan
24 F3lu9 (dl 7) Weasufmuanan vhnsde
Freg1amaaauauii anturnnstaimtines
Freghannaeuliiasadunely 5 uidl wazyinis
ﬁwmm%@aazﬂWi@@%mﬁwmamauﬂ%mﬁqaumiﬁ il
%aaazmsegm%uﬁwamaun’%m = (vv’-vvs)/vvs*loO (4)

Tnef W AD UUNABUNSANAIINWIUN (NS1)
w, Ao WndnAsuUNIATNaULLd (NS1)
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MW 7 VA@eUNIYATIINTBIRRUNIANENEN

3. NaﬂqiﬂﬂﬁaULLﬁgaLﬂi'\ZﬁNa

3.1 Zﬁiﬂﬂ%d?am@ (Microstructure)

HAN1SANBININE 188N TIAUBIANATOURUY
A9N31AVEIRINDUNSANANTNENINT Tindvene
1500 Wi wanslunmi 8 Fudunwareqansia
wuvdeinsnvesneuninlinautiienanis (P/
C=0%) aihldrinlasaairsnaniavesnouninilile
weuenamns fidnualiaiiane Sddnvadu
Wosrtulesuarnuinddesitudng s
AATINUIEY LeedSenisd awalasalaluuy
N3£18NWa9 (Energy Dispersive Spectroscopy X-ray
Spectroscopy, EDS) wuandlusuaals (C) uspiond
Q) lulalaay (M) wazlnssgosing (V) dwsuninane
QANTIATLUUABINTIATBIADUNTANANT 181NN
P/C WU 1% WUlASIAT19980IAYDIRIABUNTA
nehersnidnvamduieieniu anami 8
é’ﬂwmzmwmaa;amiﬂﬁﬁuamauﬂ%mamﬁwmqum
P/C WiNAU 5%, 10% uaz 15% anulainilosns
wazfannaunounindulaiAufiuasdsinsaveq
Tsegi (V) waziienvialnd (Ettringite) nanidu
) Sliswiundulasadrauuiidesnidiulgdn
wndu andiulddnauindesnmnnisvsnasiodi
Rvesnoundn liduidesnsdnunndu faonald
asianeuardnunzveaosnadiusu Tansulll
& lsTnsadosinannu



' &
MTEC3400 15.0k¥:11. 24

P/C = 1%

P/C = 10% P/C =15%

AN 8 AINAIEFANTIAULUUABINTINVBIABUNIANALN
gI9NIST A1V 1500 LY

3.2 Anuannsalumanls

HANIINAFBUAINITYURIVDIABUNIALAAILY
Al 9 Arnsyuiireuninunsguildnaui
6199197 (P/C = 0%) Wiy 9.5 iwufiums Tuvnied
AoUNTTINANT I8 EAIN U IaaINATg
dindTmathenasiinadluaeundn wuiing
wesnhenaludndudensoyudiuud (P/C)
1% - 5% AIN1TEUMIALagluYIUINTFIUYINU 8.5,
7.5 way 7 wu. fisandniiosssioyufiaud 1%,
3% waw 5% Ay uslegslsfimuilonauthens
lumaunIn P/C 1INN31 5% AINISHURIABUNTAAL
anassnidermvun

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

o
y

AN3UAT (cm)
o - N w S~ (3] o ~ © ©
oy

o ' & '
sasdmhaswdayudiame (PC)

P ! v = aal
AR 9 ArpNansalunismlameuninlaeds Slump
Test

3.3 AI89ULTIENYDIADUNTH

NANISNARBUNIAISULTIOAVDIABUNIANEL
19157 nuinanaEnnselunsiuusssnves
ABUNIANANTNEIN TR auanslun A 10 98
Whlaidsavesneunisllnautinenans (P/C
= 0%) flendasunsedn 250 nn./au.? uanuaudh
NMSSULSIEATBIADUNIANENLNENINNT TIEMTIEIU
Lﬁamqmgu%muﬁ (P/C) winiu 1%, 3% way 5%
IHAi&aSULTISn 244 nn/wa.2, 230 N/w3.° Las
217 nn/a.2 anuddiu Feanasuszuna 3% — 17%
waziflenaningranisilusasiadruiiosnene
YUBuA 10% uag 15% wudanuaninsatunig
SuusednvasnaunInanatndaLies 95 nn./au.’

300 -~

200 -~

o
]
|

150 -~

NA9TUNIIBA (kes)

100 -~

50 -

P/C =0% P/IC=1% PI/C=3% P/C=5% PIC=10%PI/C=15%

AN 10 MAISULSIDAVDIADUNIANENUNYNISEEENNTUL
28 1
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way 58 nn./m? aviniivinlimdssnvesnounin
anasnniosanlureuniniiUSunandesnsroudis
innuasinssesisludonsuninddmansenuse
MMAIEAVDIADUNIA

3.4 MIAIsULTIAYDNADUNTS

NANSNARDULSIRIABUNTARANTN TS oY
Asvn 28 Su lauandlunindl 11 nuineunia
15U (P/C = 0%) flenfdssuusedis 32 nn./au?
warAoUNIATiNaNte s Tus s duosnse
YuBiaud (P/C) Wity 1% uag 3% dfdasuusena
e Ao 35 nn/au’ uaz 33 nn/au’ Audey
Fannnirounnasgilyldnauhens Jseann
1-3 nn/au? uifEsduLs IR sweInoUNIANELLN
1NN TIERsIEIY P/C daus 5% Fuly denavili
Armasrsanasetreliio

40 -~

35

30

(ksc)

25

=

AAITUUTIAG

20 -

o o

.
5 | ] [
E B H N E

P/IC=0% P/IC=1% PI/C=3% PIC=5% P/C=10% P/C =15%

A 11 AA95ULSIPURIADUNIANALLNYNN S L ATUL
28

3.5 AIAITULSIIAYDIADUNSH
HANINAFRUMARAVTaAlUAdaRILEavEY
= d‘ 1 %} d' 1
YDIABUNINNTLHLAITUN 28 U (AN 12) WU
ADUNTANANUIYIINITINOAT1Ad UL LDYN96 B
Yudud (P/C) winitu 1% TiAmdasuusasingaan
@ 2 | = 1 ,o, a
WINAU 46 NN/.S WRABUNSA MIKNANT1819W1573
ANNAISULTIAR 43 NN/93.2 LarARUNTANANLN
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eanisnsduiosnsdeyudiang (P/0) iy
10% uaz 15% fanmassunsainaaute 19 nn/
93.2 war 20 nn/aw.2 sdiuldinnouninnauii
ganiisnsrauiosaeyudiane (P/0) iy
1% uaz 3% war 5% Izdlnuautdinissulsn
yespeunInganidlefisuiuaeuninunsgu us
ABUNIANELL8N NS TISRSE@ILINNT 5% YilT
AuanTANsTuLTIARveIneunInananiie sy
ABUNTANINTFIY osanUsunaniesnsitunniiu
Tuvlhaninseesidduilonouniniiudssisdama
NITNUABLIINAYBIABUNTA NAISULTINRTaNTEE
AOARRDINUMAISULIIOALATILIINIIBIADUNTANGT
Aeulonauinesnslusnsidruiitiuduayyinly
Mdssuuswnvesnauninanas umdufiundaunndn
pauthenawslusnan 1% - 3% liguaud
mﬁ"uLmé'fmamauﬂ%qﬁuﬂizmm 5% — 7%

50 -

N
o
I

w
o
1

N
o
1

MasTlusIna (ksc)

a"EgE

N
o
1

'-l'-".-l'-"-"-

mae

P/IC=0% PIC=1% PI/IC=3% PI/C=5% P/C=10% P/C =15%

AN 12 AMAISULSIRAUDIABUNIANANUENTLEENITUL
28 U

3.6 USIFIRlEIY99RUN SN LNANLA

A1SNAADUWIITATEIABUNTAADLNANLASY
& B A a o8 a v o fa &
W UBSIAN UM UTLANIINAISEARANUAUTUUATILTG
FAAYIN1SNAADULSITALNTEIVUDIADUNT AN AL
1NYNITIVONNANTDDDE HANISNAFDUNUINALT
SNtV IRIUNTH LNANT819NIT DA NLASY
TAMSIBANTEUVINAU 32 NN/ LayAounIn



mauﬁwmawwwﬁé’mﬂmuﬁamwiagu%muﬁ (P/Q)
WU 1%, 3%, 5%, 10% waz 15% (nwil 13)
TAussdaumdlonyiiu 34, 31, 26, 16 uay 11 nn./
93,2 uEFU aziuldinmeunIANELE1aNnsT
Tushsrdudentsoyudiud (P/Q) whify 1%
ﬂ'wLw@mmﬁmmamauﬂ%m{amﬁma%uqqqﬂs?fa
UINNINABUNIAUINTFINUTEUIN 6% — 8% uay
dlonoundanauiiemsisnsiaiuiesnsse
Yudud (P/0) wihiu 10% uay 15% TA1us38n
Wilgivesnaunindaidniasuanaiainasunin
1MUY TENIU 50% - 65%

40 -
35

30 -

(ksc)

= 4
WAL

0 . . L . T : L . T : T

P/IC=0% PIC=1% P/IC=3% PIC=5% P/C=10% P/C=15%

= °o v w = al N < a
AN 13 ANASTULLIIEALAULIVDIADUN TN DLAANLAIU

3.7 megaduivesneunsanainiienamiz

wan1s3suifisunisiosasnisgadui
YDIABUNIANANLNE19IN 51 R5d 1L 9
YuBndnnsdnsing g wansdunwd 14 wui
%’aaazmsam%mﬁwmﬂauﬂ%hiwamfwsmwwsw
1.50% uaziiieifieufuneunInnautiie1ans i
SnandhuiossieyuBians (P/C) Wity 10% uay
15% VLGﬁ'ﬁiﬁ%’asJazmi@J@%mﬁﬁ 2.21% uay 3.69%
%ﬂqdﬂ’i’mauﬂ%mﬁlﬂmamﬁwmwmiﬂ (mwﬁ 14)
UsEanad 0.71% - 2.18% LARBUNSANANLNENMATT
Iué’mﬂdauﬁamwﬁagu%muﬁ (P/C) WinAU 1%, 3%
ey 5% ﬁﬂ'ﬁaaazmsmﬁ?jmﬁ%mﬁu 0.95%, 1.01%

1
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La1.03% F9ToUarn1IAATULIAINIIABUNTA
Linaaninenamsuandliindnn 1 snau e mn s
ludasrdunmunsauuszana 1% - 5% il

4.00 -+
3.50 -

(%)

3.00 -

>

250 -

=

S08azNIAATNINN

2.00 -

u

1.50 -~
1.00 -

1%

0.50 -

o A L A
2 BB
BOK K

0.00

T
P/C =0% P/IC=1% P/IC=3% PIC=5% P/C=

100/0

PIC =
150/0

AR 14 Fouarn13nATunveIRoUNIINANIE1INIT)

ABUNIRLAUANNTTAIUNTUBIAUNITIITUVDIUN
laf Feaenamassiun1sfinulasiasneganinved
ADUNIARALUIEINNITT AININT 8 AMNANTATIAST
NURIPDUNIANANLILINIST ANEIe1e 1500 N
Tdganssmiuuvdesnsin (SEM) lneaudinalulad
languag Tanuand wulnAouNIANELE19NIT
Py | & | = ¢ | o

ansdnilos oy udiuuiunnnit 5% dnwuy

e

WUHIABUNINLIYOIINMTBTNFUNNINAIIABUNTA

al

PNANEI819N5MURIIEI P/C WA 1% - 5%

FILAINANTENUADAMUAILITALUNITUDINUNITIA

)}

¥ oo
o o

PUVBIUINN

)

4. nsuwanuIdelulduselevi
n1sdmanuIdeluliuselesilavinnisiden
BNIIAIUHANVDIADUNINIINNITANYIAUANTFANIG
nEnIMLAENINaYTEIRBUNIAHALT IS TTuTes
JATR Wvimadenshndumeadosnsdeyuiiuud
(P/Q) Wity 1% lasthwiin iesanwanisvaaey
wuh pouNIANANTI1SN TS P/C Wity
1% famauifnisnaarieatunisiifuvesi

109

U1 17 (2562) VOL.17 (2019)



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

#Rfigadlofisufurounilinamiorosuas
neunIainashenemludaedau P/C ity 3%,
5%, 10% wag 15% [4] farnadldsnailosnase
Yud Wiy 1% Tastmiin waulunouninan
dnsuliidutanudondsineuninuaniiensmns
wuudnsasy LLazﬁWﬂﬁamé?a@daﬁﬂﬁwL%gﬂiuﬁuﬁ
wasrasnynInsfilassnisdsiuaztisesng
walga JIRIAUNS

a1 gurnmi1FAuazA1I88179090 U]
dusagy

yanNASINTEDNLUUTUI LA HuTividaves
adni Unfifvusuunadugaaii Guain 30 wa, 40
9. uag 50 9. [19] dAwsunsAnuildtmungds
thvtidndmassiiugh suinfugdsi 40 eu. A
29 30 B3, ATIUMUNYBIAANTN 7 . AIILEIIVD
fdni 2 1. uasESumEnnaNIuIn 6 U, Fauang
Tunwd 15 miv’mwwda@ﬁqﬁw lafmunvun

0.300

) 0.400 ,|

U méin RBE

A 15 guuUaugdadndwmaeuiui

110 % 17 (2562) VOL.17 (2019)

yospdseunmd 15 HliSauarliidedowhuuy
vaorauNaA Tnsuenvinfiaziu Ussneusietudiu
Fasoluil frudhvesuundertian s uasfuans
YOILUUMES HaanTinemsnslevhuuurdenaunin
@39 nswaunounImnuSasEuilananI Lty
wazinadluuvumadenduniildndenliudy danm
7 16 wazUsssislinounIanautinetanis e
Uszanas 24 T3l ﬁmﬁmsaamwwﬂjéaﬁw flauandluy
Al 17 wagndannenuuuudninisvugdailag
nsvasutuguiidenyniu daduna 28 fu

2N 16 N15UTENDULUUNA DUAZLNADUNTANANN
YNNI



NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

AW 17 AdNYAIINTINEAKUUITEUTOEUAILAZYIINTT
Un 28 Tu

4.2 msUsUuuYa9

maﬁméﬁqdqﬁwﬁwL%ﬂgﬂiuﬁuﬁl,wmm TH 4
¥nsuuseduituinlamnlildsedunouiiond
nsfindandsth Tnelisounsninaslo@anthiun
wadsiiildtivualy (il 18) vdsanduvinis
VSuszduniauluiudiulagldsaunsnned e
USuseiuwdaanlaseaunanininseauanuaintu
Fhondesinsedy dwsuniouguiudionaeda
dusagy w%aﬂ'amam%umaqﬁaqqdaﬁ’l (Mt 19)
dleldsziuanuandunuiininuald inuasnsly
yeUsusERUAaInuresiosndnouiad

¥
I o o &

M3eREnd gy

Muil 19 Mvueaaavewissrdilnglindesinsydiu

&
(%

4.3 MsARAIAANIAOUNTANALIE 19N IT)

n1sAnsgasndnsaguldvinnisiadeudien

(%
] o v

d9193850UTINN (A9 20) waziluineuugu
AUNSaNIENLAYNSUADA L ULISsUSB8LAD Tne
nsthedandisagulunssemeduduuuilild

[ A

siuuazamemmildimualy vdsanivhns
AnsaGeusosudnaylduundni uandunni 21
-22 Badupdaifildnavugiunssuadn urdsll
§vin1seuuanusessevesadan danmdl 23
nInsThnsHaLTaneuundnvTeue S SHaw
thenems inwesnslifaneuunhnssunsesse
fdvnnonAT MR ielRadnidenfaty
waztioafumsiifuveni uarlisounsninoslaida
‘wﬁwauﬁm%mﬁﬂﬁuau@ﬁqﬁﬂuLLiJaammaawmm
gmandai (il 24) waznmd 25 adnihreunia
pauten T ldiAuRuLanouflagldanly
fufiudasm

¥ 17 (2562) voL.17 (2019) 111



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

AN 23 LNEATNTINNSEMLITRERaANN

= = Y a o o o o 1 %
AN 24 ﬁOLL‘VlﬁﬂLm@ﬂﬂLU@VU’]WU&’W?UW’WWUQ?NU’]

112 % 17 (2562) VOL.17 (2019)

5. msﬁﬂmuﬂsmﬁuwagdeﬁﬂﬂaun%ﬁwauﬁﬂ
g3

ﬂmzﬁﬂiﬁalﬁammuﬂizLﬁumamﬂﬁqm@jdﬂﬁw
TufluiiAnu3odmiunggnisimizgndaund
(NSNNIABI — AAAN 2560) INAIMNT 25 quﬁqgw
AOUNSANELTNE ISR LA AndsluiufinUannly
Fafou wwAw - TUIBU 2559 Lagnwil 26 A
dnidnhonldnuniedlutggniamzdgnues
YAINT (POUFINIAN)

7R 25 adsireunIaNaNIe e InSoultuluiun
wasun

MR 26 A mdInfeaialargdaihvuylti



a Y v a
A 27 amedalvalinularuinalegseu

MnMIFamulsziiunaUassunsidnuadan

Tuunwdasn wuddsunanhilnagiunulas
v 2 A = U R a

wiglvaldavninuazisuledisuiuadainnlugsiu
wazN13ITUvRNnlugdNIABUNTANANEIE1NNN T
fUsuundesiiiaifisuiuadeiinauninwasinis
InavesfidosazmnuazsINEWITRUSIIAUNES
v & A £ 1 & A = = H
whituuUasunlaegnufuniwaziinsandeiivas
, v =% o q vy v vo o a o~ i
detley FwilbrsudnlasuinlulSuaniiieamese
masgiule wieghslsinuamzinaiuusyiiiu
nanuIdgmndrdalaunnisiasadulnvesivne
AuAuRaaiiinsTumuAuauazUnAaugddu
guassasionsivavesinlugdaiuasnislidnu dau
WNYATNIITAoNTAdniviivnudundaiiogs
adaueludnggnIaizlan Ani 27 Wuiuua
winlefensdniuluuddlasuinanadaiilugg
HaMIMIEUaN Wazn i 28 YN1sInANENgagR
vaatupdaivagldonu Fanuiseauidiasgaly
AdaeginImiagdnit Useanm 5 -7 93, Baang
Tiiuigdahfeenwuuiaslinuamnsasuusunm

(%
o

gegalalneUsunaagliduniadal dmsu
Al 29 1WJunsfnnudszidiunagdeiineunse
NANUNENINSTIUYNNEINSAUAETT Frafeu

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

Suneu 2560 asuldn anmuesgdnineunie
ogluanmitanansaldaulsundlinunisunnii
puniauagTiesnani anmedaimiouitoyanuld
TugrganaimzUgnsely

AN 29 awdinauUssliunanisidnuadan U9 2 v

gan1siiuies Gunau 2560)

6. ayUnauazdalauaLUL

6.1 aguua

nsAnvinasimuigdsiineuninaau
grerndmiultlussuuvausenmulsun anuanis
AnAENTRN1NNIEANUAZNNAVDIADUNIAHAS
o191 wagnmsinanuidelulivsslemine
aunu agulded

1) Han13AnwIANENTANIINIEAINLAE NS
NAYBINDUNTANANI81INITT WUTIABUNTAHGL
heramsludnsdiuidessdeyuiiuud (P/0)

971 17 (2562) voL.17 (2019) 113



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

1%
o a

19 Tagimidn Iiauansinianauasgaduiii
flgn Uszneuse Masiuusadn 244 nn /an.? f1ds
Suuseiia 35 nn/au? Massuusein 46 nn./au.’
ussBamiervesneunindemaniaiy 34 nn /a2
Arwannsalun1svld Ansgedut 19

2) $ns1druesnounindilind egdwinld
AoUNIRALNAN 1: 2.7 ¢ 3 Tne3u1ns Sadanuth
FoyuTun (w/c) Wity 0.6 uasdnmaniiiosns
AoyYuBIuA Wiy 1% dwsuyudiuud 50 nn. (1
§9) Azl Tansnag fail m918 135 nn. funsan 148
nn. 1 29.67 AN, uaztie1em3 Taelud 0.83 nn. @
IHuupiliinwnsnsliidudiunauneuninnainii
gansdmiundendsidifagy Insvuinadei
1ANE77 2 U ANES 30 9. AIUATI 40 By,
LAYANIMUNYEIAANN 7 Tu. WaglaSuimaAnnay
YUIN 6 U, NANITIATIENTIAIAUYUAINEATIN
dvhapunImnautensmT 820 UWHBAIIET
1. LLazs’]mﬁWfiaa%’wqéaﬁmaun%mmmgm
Winiu 710 UmeeAmend 1 .

3) Ifvinmsfnsegaainouninnaution s
d1595U fianenivszanas 150 u. TukUasuives
nuATng Massnsdaiuasiissnyiuley Samia
w3 waglavinisinauussliunansldnuvesnds
dhduuuuitlsvinsinstluna sreglutigg
NSz UgNT1Iveunynsns (ReudmaN) wuil
adnildRaRdluuasundanuannsalunisde
druvasnldifuogad warannishituenildiss
ylsuinailnadnduiasnldesnsdussansnm
urogalsfinnunuindfefivtumudundeair fadl
nunsnsaasvuidn fufnaududsilunasy

114 %7 17 (2562) VOL.17 (2019)

6.2 YalauaLUY
1) MsAnwIANaNTRNIINIEAINLATNIING
YDIABUNIANANUILIINIT) AT IHADUNIANANLN
YINNTIASAAYINUA NS UTADTUNUNAZDU aLANT
YUTUINUADE1ABUNTANALLNE191N51 TalasunTy
YvisauLmenaann msuulnensuasenalilvinsu
ANUTLYLIAN NN AUABAIIU I UNAEDU 1T9991N
R R RN ED)  GRGERE R RIS RN VL BURRT
fa1utu natilunagsuazyinliiinanunain
d{' ¥ 10 v} ] 1 g o < ) %
waeuld widmsunisungdaidnsaguuugilild
nszasul Ui liidenudingunaa
2) MsHaNLng19luADUNINILADINANUILAZ U
Y195UAUNDULNOANANUWUTUVDIUNEY AT
HaLng eI tlugndulae ey udiuud (P/0)
WINNI 5% Asidansanusemeiavilaliivseqlun
d‘ I b4 go’ % YY) a I3 o ¥
gramsielilvithensduiiiuyudiuuduagyinly
& v L = =
Wuiouesdudns Tursuniea
3) pskuunderduhduwuunaewmin wie
° o & A & \ < ° %
uvunaednsaguidusuundeman asvilila
YuIARdlaunIgIu
4) A258n19319uHUNSANEIITeTusE AU
LUAIUN WU 929817198 YIINSUSURNUNLUAWT 299
Laaﬂ:unWiamﬁﬂ@ﬁ@ﬂﬂuwmm ASUANLAYINNS
insuURnulugngguurseggnisinizUgnues
. Y o Y Y
WNEAINT LN USUUEULazUN luAaDIvaUSEUY
I 1 a wa ¥
suiluguassasanisufufnunirauuls
5) arsinsAnauUsEliunanisideund e
ABUNIANAUUIYINITLUNUN LU BIUINFINNRAA
Adldau Tusseena 2 - 3 U eagunansideu
Fwazihlugnisaneneamalulagviiuniieau
PR v ° a v o ¢ | I
ngrvasinan1siseldltguselevyd Wu 99Ans
Unasesduviaadu lassnsdadinasingssnuuay
naununInIRaula 18



a a

7. NAANTINUTENA
NuATulasuatvayuyuideandrdnau
WALINTIILNITNEAT (BIRNITUMIBY) %30 aan.
LAEANZEITLVBVBUANG NN YATNS Tnssnsdsin
wagtgefnuudlon Smiauns Aidrsuilasanis
Womeaauu wenaniiniairimnsles e
AMINTTUAIAAT UMINYITYALIN WAENBITIY
Arnssulesn daun1sfiner lsuseuuies ey
W3zYa0UNT MliANeYATIERNTIEio U UR
NNABUNTA AN 1ATUDYOUNTEANIN 84 lona

[
P=1

U

8. UIIUIYNIY

(1) Wsmil danldu 2558, snenuddeatuauysel nsdszens
LhihenarnsuasAuTuuATRILasshE g, dinau
AMZNITUNTITEUANNA (1) wazdtinuunawuatuayu
N19998 (@N7.).

@ Wedanl Uanlu, 1o Junnand, auns Wyad uazgnana 1au
TmUna 2559. mm'wwammm‘iu‘iaﬁﬂi:qﬂﬁﬁlﬁ”jﬁwmquﬂu
Nuthgenmszurelszniu. MeasimnsisaFeuunsdes
WITIAIDLNEN, atfufl 14 117 - 129.

@) WeTmil Yandu 2549, snsaddeatuauysal AN
I F el UL LU A IARe AL T UNALI BN N9,
TATINTITEUNNG © 89N157,  dINUANEZNTIUNNTIAE
WANINA (@N7.).

@ sl dandu uazanu Juninad 2559, s1eN1unsiteuLas
miﬁmuﬁ%’amiLﬂwmiaﬁuaugmﬁ NNIRAILNARDNTALITZNIU
pauenannsdm i ussuuratssnulsun dtinenu
WAILINNTITENITINEAT (RIANITUVNUL) © @3N,

(B Wil Ualu, mu dunnand, auns Wyad uazgnan
UATAILNG 2559. mmmﬁ@ﬂﬁmﬁ'mﬁ?mmeﬂfuagumﬁ'ﬁ”ﬂ
mm"wwammmiu‘iaﬁﬂs:mﬁ‘lﬁvjﬁwmamiﬂumuﬁwgﬁﬂm
s2ULTalsTMU. ETNUANZNIIUNNTITE LA

(6) B. Chatveera, W. Wongkamjan, 2001.
Behavior of Fine RHA Concrete, KMUTT Research and
Development Journal, 24 (3), p. 327-342.

(7) 1 B. Chatveera, T. Kongsub, 2002. Durability of Concrete
Containing Black RHA from Rice Mill, KMUTT Research
and Development Journal, 25 (4), p. 374-389.

Mechanical

8)

(10)

(am

(12)

(13)

(14)

(1%)

(16)

(a7

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

W. Homsriprasert, B. Chatveera, 2016. Mechanical
Properties of Fly Ash-based Geopolymer Mortar with
Electric Oven Curing under Sodium Sulfate and
Magnesium Sulfate Attacks, KMUTT Research and
Development Journal, 39 (2), p. 271-286.

T. Phoo-ngernkham, S. Hanjitsuwan, P. Chindaprasirt,
2016. Influence of Sand to Binder Ratio on Properties
of Geopolymer Mortar Containing Portland Cement,
KMUTT Research and Development Journal, 39 (2), p.
127-137.

191090 ‘H’i)’a‘VL‘]IEJQﬁ 2554, 1ananslsznaunisussens Tasanng
dmvmmm'mffaﬂmmsﬁugﬁuﬁﬁummﬁmﬁm%’uﬁn%ﬂLﬁ'a
Wanndaiaualasenisidganemng. dlinaunasuatiayu
M998 3 - 6 AMAY 2554,

American Society for Testing and Materials, 2009. ASTM
C33 Standard Specification for Concrete Aggregates,
ASTM International, Book of Standards, Vol. 04-02, West
Conshohocken, PA.

a9ngel 1slUEna 2549, HWEITUIGA : NInARLAZNTIA
o, am., fuiased 1 danay 2554,

American Society for Testing and Materials, 2009. ASTM
C143 Standard Test Method for Slump of Hydraulic-
Cement Concrete, Annual Book of ASTM Standard,
Section 4 Construction, Volume 04.02 Concrete and
Aggregate.

American Society for Testing and Materials, 2009. ASTM
C39 Standard Test Method for Compressive Strength of
Cylindrical Concrete Specimens, Annual Book of ASTM
Standard, Section 4 Construction, Vol. 04.02 Concrete
and Aggregate.

American Society for Testing and Materials, 2009. ASTM
C496 Standard Test Method for Splitting Tensile Strength
of Cylindrical Concrete Specimens, Annual Book of
ASTM Standard, Section 4 Construction, Volume 04.02
Concrete and Aggregate.

American Society for Testing and Materials, 2009. ASTM
C78 Standard Test Method for Flexural Strength of
Concrete (Using Simple Beam with Third-Point Loading).
Annual Book of ASTM Standard, Section 4 Construction,
Volume 04.02 Concrete and Aggregate.

American Society for Testing and Materials, 2009. ASTM
C234 Standard Test Method for Comparing Concretes

on the Basis of the Bond Developed with Reinforcing

115

U1 17 (2562) VOL.17 (2019)



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

Annual Book of ASTM Standard, Section 4 (19) wEml temwiwas 2526, WANLNUMNITEANLLLTZ LY

Steel,
gatsenivluntasun. walulaginuizaulunigvineu

Construction, Volume 04.02 Concrete and Aggregate.
(18) American Society for Testing and Materials, 2009, ASTM asemu, neurRlszIU, NTUNNUMIUAT,
C15885 Standard Test Method for Measurement of Rate
of Absorption of Water by Hydraulic-Cement Concretes,
Annual Book of ASTM Standard, Section 4 Construction,

Volume 04.02 Concrete and Aggregate.

116 @i 17 (2562) VOL.17 (2019)



NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

AMNFUNUSTERINeAEvRINSEAMAREUANS lAURanAaa lsA
fusinaanuduadadnagen
Relationship between Color Values of Paper Coated with Cobalt Chloride
and Paddy Moisture Content

HYremansnansd as.Avanwal Ugisnu’
Assistant Professor Dr. Siwalak Pathaveerat!
HUeAEns197158 asRurinssa Useau?
Assistant Professor Dr. Pimpan Pruengamz*

7’2*53/‘1/75/?’/’7&97?7@’7357 NIATUIIAMTIUNEAT llW’??VlE/%?E/LﬂHﬂW’/’]ﬁﬁ?ﬁf
MENVANUWIUAY UATLgL 73140
12" Assistant Professor, Department of Agricultural Engineering, Kasetsart University -Kam-
phaengsaen Campus, Nakhon Pathom, 73140
*Corresponding Author: fengpppn@ku.ac.th
(Received: April 25, 2019, Revised: June 6, 2019, Accepted: June 12, 2019)

undage : uiTeilngUsvasdifiefnunaruduiusvesanuturenudatiuuden Tasfinnsanainnis
Wasuulasdvesnszanuadouasiaveadaaslse warAinwidessegiiainisia (Ouring Time) Awinzau ng
nszae 100 Uoun uiluasazaneansiaueasd () aaslse (CoCl2-6H20) waz wilawaanages (Methyl
Alcohol) Smsaan 1 : 4 Bunan 3 Falus andueulinisiionmaf 60 esmwaBoa Wua 4 $alu thim
Wienuaznszmwindiovanslaueadnaslsnusslulnauid lagliiivesineeinia (Head Space) luwin 50%
Yarulunan 30, 45 uaz 60 Uil nansvaaesianIsUdsunlasindeinsenwmadevanslaveadaaslse Tu
F1eniifienisiu 10-24%w.b. wuih nazewazAes  Wasudnniidunmidernutufiniy weede
Usaidivluszuu CE wudh dlemnudiuvesddendindu e L* Snswdsuudasdniios Tuvasiien a* uas
A b* fimswasuulaniaey Msmaenudureaudatiiasnannsinnutuduinivewerinsenie
Tulwaufaty Uinamnutuluadedndensilianuiudnimslutesenaiiuasuulas amnmsvaass
wui msiutdeniulnauiunuegietion 45 unit SrsismeliUinamnutuluwdaddonnsyae
fraunsetiautuduimslugesenniasing 4 Aaauna

s

AIEARY 1 MIMAuTL laveadaaslin gAY AI1E AUTUFUTNS

U7 17 (2562) voL.17 (20190 117



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

Abstract : This research is a study of the relationship between moisture content of paddy and the color
changing of the cobalt chloride coated paper. The optimum during time was determined by soaking
100 pounds of paper in a solution of cobalt (Il) chloride (CoCl2:6H20) and methyl alcohol in ratio of
1: 4 ratio at 60 °C for 3 and 4 hours, respectively. The paddy and paper coated with cobalt chloride
were carried out in glass jar with head space 50% and closed the lid for a period of either 30 45 and
60 min. The results of the experiment to measure the color changing of cobalt chloride coated paper
in paddy with moisture content was 10-24%w.b. showed that the paper color was slowly changed
from blue to pink with an increase in the moisture content. The evaluation using the CIE color system
found that the value of L * was slightly changed with an increase in the paddy moisture content, while
the value of a * and b * values were changed clearly. Determination of paddy moisture content by
measuring the relative humidity of the head space in the glass jar associated with the paddy moisture
content was caused the relative humidity in the head space to change. From the experiment found

that should keep paddy in a glass jar for at least 45 min, so it would be sufficient to allow the paddy

moisture content to spread until the relative humidity in the head space was balanced.

Keywords : Moisture Determination, Cobalt Chloride, Paper, Color Value, Relative Humidity
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1.3 Askssddunssansearaululasnm
(Infrared and Microwave Radiation) 1Juns1959d
dunsusavserdululasnn Wisssmeinlundanla
INATUAFIDENULAANY
2. 3Bleedeu (ndirect Method) aztdunis
TnuaudRduvasTanninnuduiusiuainuay
Wi Anusum Ul enuaudanisladianns
n (Dielectric) 35n15tiazltasaailalun1sinlnely
Aaautivnslihvesudniiy 1UUIETTINS AR
lfimnugnaveniilesannauautimariiduegiu
gaunll AetuAsesilonldlunisinAnnuulidl
Y} 1 Qddy = aa
n13nTIvEeUAUATIoNUgIUE 2 35
2.1 A5t AINUATUNIUNT LW b9 1
(Electrical Resistance Method) 1i19931nA214
Auniunsenisin b vesiantued funiuiu
nelu asiudlensuamnudun i veLudadies
AaunsailSeusuduianuduls n1sinlnedsa
fitadenetos fie gaumagliwdeiiv ANTY uae
ANUNLILUY (M3RFnvaudn) Tun1sinAiany
Aunuily Wwanfivargnuadned seninauwiulany
1 = ) v A & gj | dfl’ A v
a09wy Feviutnmdutalndn aranuduiaule
INLATDITA A ANAUAIUNIUINHNveIRI9819
2 A Y A & o Al < = ~
WAANY ToRALTUNITIANGIELALSIALY LAY
YUIRNLTASANANIGY VaLFEAD ANURANAINAIN
N195n5218d1vIANTUluNAn Al Ne WU
WAANYAIINIUNITARAMNTUAITTALARLFT 1N
Aa < v ' < 2 & A
ARIVDIUANITLAININNETULLAR WAZLUAANYN
ay Gl lioJ 1 Q"u ¥ dIQ
WenaNNUNIBLLYUN mmmimzquwmmmmm
WanzFunINeluLEe
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22 n13¥nAaugliiivenudadiy
(Dielectric Methods, Capacitance) A1AHR NN
maﬁaasﬁuaeﬁuﬁwmwu%uuazmmamWimaaﬁh
\fiudseq (Condensor) w3arAuRlnndunawn
nnaaantiladianniavesianiildogszminausiug
nuresufiuls e Tanfilrutuasdaasile
alann3A (Dielectric Constant) &9 Yanfuvaasfidn
U3avsesiifilaBiansiauinty 80 7 20 ssriwaLoa
YoARBNAIURANANALBYNINNIIZNITNTEINYR
vosutulusdnlifnadonsinlnedat vodede
ANSOAFIVRLUAANS DALV ULVDLUER AxiNa
foMsAAIALT LN UTRAA LS UL

Tud 2017 Michael Reid and Jim
Thompson [7] 1¢@3149 DryCard™ a7nnsgauiadiou
aslaveasnaaslsmduedesdiofiieronisldanuly
A LE TS eNNe LNeRsNSENISalY
Tunsrmeineuduveswansue Tisanmagads
9830715 Yesfumsiinidesuazansiiuiiieados

n1stiUselesdainansinueannaslsa
iy finnsussgndldlusnumainuanediu Wy ns
uUszansanvaUsenumsidiauagunuly
Usemetaugn Tngliiunduniunidiosndumindu
Wl fiunandnitasennild (8] n1sldlavead
aaolsasngt 5 mM Ailddufiwiliewaduy (Hair
Cell) voadutreardmveslarnatedianuaudn [9]
mslilavearnaslsatiofiuanuuduswossadiie
yiluluaywd (hDPO) Winapaneiunisly Hypoxia
(M3v1meendiay) dudutiadslunisaiuguaids
waa Wesnlauoadaaslsmduasaiifidounuy
Msvneendiay uazusnanitmuin nsllauead
Aavlsraiisnuwassufia (Stem Cells) [10]
fudinusswdlneazdseendriludusuiug ve9
Tan uivrundnlngdmenau 1feswin (1) wande
solsen (2) Fuyumsndngs loun Angn Ardns
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lo wiw dn Tdde Armdniviivuazuuaidngydn
paBAIUANAUREY LA (3) inwasnsuednldmnda
samu flesnnnsindilsveaniadaunans [11]
A9AARDITULNUTAILINITINGEAT TUYIHURRUY
isugRaardAuLiad adul 12 (w.e. 2560 -
2564) [12] Faszyin a¥adeunuasineduulinu
wilAuiutu uazdnlvgJunilildiiensanuaes
NINGAUN AT %aﬂa%’amsmam%u‘]ﬁmqﬁu
dHosmnemuduiiftedlusdnunmands
fdfyusznisvilwenndndn Feandusived
aunmuesin uidiidudetmualunisiens

1%
tY o

fe aruBuiigaAuinasgiuazgnitnantmiinie
Ademiieas Aaduanuitedidiingusvasdiie
Ananuduiuvesautueaudadiaddon lae
finnsanannsiasunlasdveansyanwadouans
lavoadnaslsn LazAnufeszyzain1sia (During
Time) Ay wonanidadumafiumadenty
nsussdiutamutuiingen Tnelidnisgey
Fededns nseauedevanslaveadnaslinaiune
ihndumldalddnuasdaiidunuindae Faiae
wianzuinsnudmiunnsnsioglufiuivlna

aa a ¥
2. VIi]T?}{I]VILﬂEI'J?la\i
<@ = = QJQId‘ = 1
wanfivlinuandanisendn lalnsalade
(Hygroscopic) Inaluaaisiianusulogesunneng
fMulueguUSunumuiuvesudaiis vliuds
#115050 WIoaumANTULAIUUTIINIATOU
waald nsanemauFuiinTuauninha eauna
P A & o & ::4'
FUUUPANNAAUAIIUTUAIN [13]
wWeavasslmudntndutaduainialunivus
YaauauTuresudntnluilasuldainiuman
AVUALVDLUAATIUURAD AILTUALRE TTUeEU
winves Tan gl warANNUFLTNSYaIRINA

(% (% s

ANUTUFUNNS (Relative Humidity) WsoANNAU



lovesleurlusimanaudy dwadeniuiuaunga
(Equilibrium Moisture Content) 984.udn 13U
YFunaanudiuduivnsiiuain 60% L0u 80% 7

= & v <
AITNN 1 ANUTUANAAVDIVIUAAYTY [14]
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gaumniifeaiu 35 ssmwaldea wuin Tudruwde
gaflanduaNainIuIN 12.2% 10U 15.3%
AaanlumnITedn 1

Temp. Relative humidity (%)
o) 25 30 35 a0 45 50 55 60 65 70 75 80 85 90
1.7 9.2 101 | 109 | 11.7 | 125 | 133 | 141 | 149 | 157 | 166 | 176 | 186 | 19.8 | 21.3
4.4 9.0 9.9 ( 10.7 | 115 | 123 | 13.0 | 138 | 146 | 154 | 163 | 17.2 | 182 | 194 | 20.9
7.2 8.8 9.7 {105 | 11.2 | 120 | 128 | 135 | 143 | 151 | 159 | 169 | 179 | 19.0 | 20.5
10.0 8.6 951103 | 11.0 | 11.8 | 125 | 13.3 | 14.0 | 148 | 157 | 165 | 175 | 18.7 | 20.1
12.8 8.5 9.3 (101 | 108 | 11.5 | 123 | 13.0 | 138 | 145 | 154 | 163 | 17.2 | 184 | 19.8
15.6 8.3 9.1 9.9 | 106 | 11.3 | 121 | 128 | 135 | 143 | 151 | 16.0 | 169 | 18.1 | 195
18.3 8.2 8.9 9.7 | 104 | 11.1 | 119 | 126 | 133 | 14.1 | 149 | 157 | 16.7 | 17.8 | 19.2
21.1 8.0 8.8 95 (103 | 11.0 | 11.7 | 124 | 131 | 13.8 | 146 | 155 | 164 | 175 | 189
239 7.9 8.7 94 | 10.1 | 108 | 115 | 122 | 129 | 136 | 144 | 152 | 16.2 | 17.2 | 186
26.7 7.8 8.5 9.2 9.9 | 106 | 11.3 | 120 | 127 | 134 | 142 | 150 | 159 | 170 | 183
29.4 7.6 8.4 9.1 9.8 | 105 | 11.1 | 11.8 | 125 | 132 | 140 | 148 | 157 | 16.8 | 18.1
32.2 7.5 8.3 9.0 9.6 | 10.3 | 11.0 | 11.6 | 123 131 138 | 146 | 155 | 165 | 17.8
35.0 7.4 8.1 8.8 951102 | 108 | 11.5 | 122 | 129 | 136 | 144 | 153 | 163 | 17.6
37.8 7.3 8.0 8.7 9.4 {10.0 | 10.7 | 11.3 | 120 | 127 | 134 | 142 | 151 | 16.1 | 174

winfiwignifuinuliluanmnndeuuuuin
W N3usIYldge viselela azvilieniaseuwan
flugnanda lufinsuanidsunyuisudueinie
meuen uanFuduinsveseinaluiitady
widgannyaunafuaruiuludadis aunseits
dumnududuivsanna (Equilibrium Relative
Hurnidity) wagvnudaiioglulalannudugeasyili
Arududuimsaunagenudie dealilenaiinie

a

suavnsaydenisienatu wu Tulslangumgd
32 PIFATYA ANUTUSUNNS 70% ULUFINY
TANUTUUIZIAL 12.8% Uaaaiusani1siAusne w
::4' ::glj [ 1y I é{ [~ 1 ¥ 4:’1’

WloAnuTudNIIMSgRwdu 81% vgdamaliniugu
Yot nUAaniiuduy 14.6% Faduseiunnuiy
Mhadeniiwwiliuazideunmunin dawandlunisa
1 2 ngvrluwananududuimslulelansenAusne

AsHA LAY 65% F9azUannde
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M990 2 ANBuaNnavestIdenluaniig

#1199 [15]
Range | RH (9%) Temperature (°C)
22 24 28 32 36 40 a4
Safe-1 50 11.2 10.9 10.7 10.5 10.2 10 9.9
55 11.7 11.5 11.2 11 10.8 10.6 10.4
60 12.3 12 11.8 11.6 11.4 11.2 11
Safe-2 65 12.7 12.6 12.4 12.2 12 11.8 11.6
70 13.5 133 13.1 12.8 12.6 12.5 12.3
75 14.3
T 14.6
79 14.9
81 153 15.1 14.9 14.6 14.5 14.3 14.1
Unsafe 83 15.7 15.7 153 15.1 14.9 14.7 14.5
85 16.1 15.9 15.7 155 153 15.1 15
87 16.6 16.4 16.2 16 15.8 15.6 15.5
89 17.2 17 16.8 16.6 16.4 16.2 16.1
91 17.9 17.7 17.5 17.3 17.1 16.9 16.7
NUBL

'3

Safe-1 : Yasasudmsuiusnuiudaiug

Safe-2 : Uapadudmsudnduarinvuiig
Unsafe : winfanuiiugauazdndudomanninuiu

3. Ja9 gUnIal wazasnIg

3.1 msmseunsenIsedavarsinvaas ()
pae-l5s (CoCl,6H,0)

Fafuansuszneviiflaianavesn (Hexahy-
Drate) WiloUsAanAnuduy a3 CoCl, aziTuns
Al wiiiloansléfuauduagnaneidundnduu
anantAlunsiAaufisennnudunionisaiei
waznsdsudvedlaveadaaslsdaindinGuas
Aoy Wagwdudvuy [16]

1. wanasiaveas (I) aaalsd uaz
wiakeanagad (Methyl Alcohol) Tudnsd 1 :
4 Towtihmiin ansezansluaniugvoasad u IV
29-30 DaFATLA
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2. 1dnsga1y 100 Yous wualiluans
avanelausas (1) Aaslse WWunan 3 9lue nzany
sstfudh@udy danmi 1 anduinseavuiis
Tautsnann

AN 1 nseanuwdluaisazane

3. 8UNTEANEAIUG BUTIQUNNE 60 BIAN
a < QIJ (v Qll
waled L unan & Tlu9 AanIlUnNINg 2

| o |4
o o4
[ |4

--h——_L VL1 N

AN 2 NSEANEAGaUAISAUDas (II) ARBLSATIDUIULIAG

4. dhnszauildundndudvieuiniavuie
3x3 cm? (@RunuUszann 1.5 VI/ui) e
nagaUAUTUL LTI



3.2 maeseudIuUaen

Frdenililumsneassfediudeniug
A9 29 1130 Foum 80 uaviimuTuEuduRUsT NN
28-30% w.b. Mntuntsimidondgou 60 asn
wadea ioanauduleyludis 10-24%w.b.
Lf’ﬁusﬁnLwiazmm%ul,mﬂms@qﬂ% NEUYINNITNAGDY
dhddeninsintanutussnads

3.3 MINAFOUNINISIUGULUAIEEINTEN Y
iwdavarslaveadeaslsaluunas seaunuduyes
Pruvaen

1. thdnwdeniisysuaudy 10%w.b.

waznIzAwAdauaIsiaueadnaalin ussylulnau
YR 450 wa. Inelviigesineeinia (Head Space)
Tuwan 50% sauandlunini 3 Yanudunan 30, 45

WAy 60 U9

Head space 50%

Paddy 50%

A9 3 FosivomaluviiaNussgiUden

2. WeAsuszzlian (During Time) 30, 45
way 60 Wil Aumandlun i 4 Wiunszawpdou
aslaveadnaslsnoanainuiawiy Nuldgeduudn

v A

Uaiun
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AW 4 Fveansearuafiouansiaueadnasliniussyly
awMiudnuldenanudu 22 %w.b. Wunal
30, 45 way 60 W9l

3. i uuRenunasiunuduimnaes
LazTnIIMAGeT 3 4
3.4 msiamavensenIvaavarsiavaas
Aaw-lse
AfilaanA3esing fie L*, a* , b* msldiases
fndmsaeuiiisudesudunanasgiu dedan L
Wiy 96.16, a* Wiy -1.07 wag b* wiu -0.4
A3 TnAnd tneseasidundail
1. fnendvesnseauiiniunsidluuia
msvaaes Ingldia3esloTnd 8ve Spectro-Guide
(Sphere Gloss, 1 BYK-Gardner, USA) lduviasriniia
Wale D65 waryuNdng fig 10°
2. fiaumﬁ‘ffmqﬂm%ngéimaauLﬁauqﬂmzﬁ
AULNUAA LA WH UAVIIUINSFIU (X=85.14,
¥=90.40, Z=97.61)
3. ihnsEAwisiazyRNIvNANE Tndeanin
Ju e L, a* way b e
L* fo Afluansdannuaing (Lishtness) 2o
g fen L* wWhlng 100 wansdringdlaanaadng 61
A1 L* 1Wrlng 0 wansininglianuiiunas lagen L

Ly

Wiy 100 wana31ingiduns A1 L* windu 0 uans
0

[

! A o
MINYUANN
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a* fio Afuansfanududua (Redness) waz
a a [ v 1 < Y <
Aee9IRg 01A1 a* LUUUIN (+) WansINIngLdu
a v 1 [~ 1w I~ a a
duauaza1An a* Wuau () kanInguludive?
TAluang -60 09 +60
b* fo Aruansdennududindes (Yellow-
al %,’ a (% % 1 I~
ness) LagduIIuYeIIng 01A1 b* LUuuIn (+) Lang
Iingiludmdns d1A1 b* iluau () wansiningidu
ARy Janludig -60 fa +60
4. YINN1SNNABIET 3 ASILAZUINIRIAN
LA
5. 1AANAUDINTEANYLARBUAISLAUDAR
& DY) a P P
AaR-lsRauLrIegull 60 asrwalua Wu
181 4 92109 LB US B U UNUEUDINT AN 91U
=)
3.5 MITNATILHNANNETDG
AAT1EFANULUTUTIUNAVBITEEE A INAADS
= v a = -
vulurnwARanNsUasUwUaIEveINTEAHAR DU
TAUeanaslsA luLAAESEAUAINUTUVDITINURDN
LAMUSHUMIBUAINULANANETEINANRALVDILFRY
Wiagldn1maasuiuuaunau (Ducan Multiple
Range Test) M152AUAUIDLU 95% (p<0.05)

4. NaN1INAaDY
mM3asuulasdvesnsyamadovansinuoas
aao-lsAildSunaandvisnavesseiuAILTUTD
Wwand1ldenwazszeziainisiivluluania
nseAuAdavaIsiAupanAanlsaneulinnanIazdl
WY AE L*, a* way b* Ao 63.2+1.1, -4.8+1.2
wae -19.4+1.2 Mud1auU ndsn1snaassduan 30,
45 waz 60 W7 nszaraziinswAsunlasdluan
ABudy Tuddeniiutennudusiuszana 10-
12%w.b. dunadlgniial wuin nszawdaaady
A uazazaon WasuluAuumnusziuauty
Yot dendiiinty aonndostuaiseves (17,
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18] AUDINTLANWARDUASIAUDARAADLSAALIINNS
WasukUas A9 5

24%w.b.

AN 5 N15UAYULUAIAVDINTEATWLARBUANS L AUDAR
raslsnfussylulnauiaiudadendunal 45
Y17

Tuduvesmd L*, a* uaz b* fiduadiden Tu
nsUssiludnuurUsIngveiageiininsAne
wuih dn L* fuunlduiiuduniusesunnuduees
WAt den mswasuudasarutuvesiiden
TnslawgdFendiianutugdudng 16-24%w.b.
dawasien L* 1isadntos daanslunini 6

85

® 30 min_L*

45 min L* = ‘
80 2 - .
® 60 min_L* [ ” .
75 a ° ®
L ]
* :
= P MC 10 12 14 16 18 20 22 24

70

(@]

BC B AB  AB AB A

>

65 CD BCD ABC ABC AB AB A

"> o
o o

CD BCD ABC ABC AB  AB A
60

10 12 14 16 18 20 22 24
Moisture Content (%ow.b.)

A 6 MsUABuLUaAN L* 999n5eneAdauansiauaan
AaalsAiosandnSnavesanuutUGen

BNWS LD AALINUNAAY MU8DI AULANANS
dedAgn19ada (p < 0.05)

NUELAN:
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TunpazszauANUIUVDIT1UFDN WU HAABUVNNUNRUY haENANUTY 24%w.b. NTLAY

S2UEAINTTIN 30 Wl 45 Wil war 60 Uil dwa azwAsuluduuy nsiUdsunUainuuYesdig

moAd L* llumnansduegreiidodify auansly  wWaenludiag 10-24%w.b. denasion a* egstniau

N9 3 Faandlunindi 7
o - , - 30 MC 10 12 14 16 18 20 22 24
M99 3 NTLUATULUAIAN L* 999NTEAEARDU L ®F £ D o5 oA
aslaueadnaslinlie191ndVEnaves ISR ER 0 CE At A
20 [ ] F E D C B AB AB A - :
SY8LNANAADY i v 1 :
W 10 . -~ L ® 30 min_a*
Moisture During time 5 M s
content 0 = : :
%w.b) 30 min 45 min 60 min s 12w 1w 18 2 2 2
A A A .
10 66.4+2.0" | 66.2+0.4" | 70.5+1.6 = MiokShure Cortent [96wb]
12 70.8+1.7" | 71.7+24" | 71.9¢4.1"
14 730422 " 1 73.9215" | 740+27" | amil 7 mawdsuudase a* vesnsznueadevansinuean
16 741451 " | 752439" | 758454 " naslsiiosandvinavesnutudiaden
18 | 747+40" |789:28" |783+4.1" |
20 756122 | 792435" | 805+19" | vwewmn: snusluunafieaiuiivheiu vnedis aanuuansie
22 78.7+3.1" | 813+1.0" |803+27" suBEARINaAnn (p < 0.05)
24 79.5:1.7" | 81.6+24" |81.73.6"

NUBUA: INW3 UL WALINUNATY EeDa AIUUANAN

HdpdAgn19adia (p < 0.05)

AN a* VBINTEANARDUAISAUBANAAD b5A

o v a & 2 v = oAy
VlELSUU’izLJJummsEJWUENL?,Jamn?lfda@ﬂ NUIT LUV

& ~ g N oA g P 2,
WaRnNUANUIUAT a* HAUuay wanans AAnuLdu

S a A v & a & A X a1 A
Ae7 Lazllav1AUaRNUANMUIULNLTE a* LA

I3 i = @ = O A
WUAIUIN LEANDY ANULUUALAY UUAD NANUTU

(%
=

10%w.b. NsEAEPdBUaTsiAuaadranlsnasild

5282138IN153R 30 W 45 W wag 60 WA
A1 a* NTzAUAIINTY 10-12%w.b. Liiunnsnsiueeng
No o o o & a X oA A
HdpdAy wiiinANuIUNLTUILNUIN TLileaseey
AaINITIN 45 WKl war 60 Wil NliuanAsiueEs
A v o w [ d' 3 ~ dy
HdpdAey fauandlunisnei 4 umszilionudu
wantaUdenastu AnuTuduivsvesenaluges
I = =% a
Temaluriamitiowant (Head Space) azilan
ilinedldszugnanlunisatewmauiugnseany
LU AUDIRANAS
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A15199 4 NsasuwUadan a* Y89nTEAHAZD U

a15laupanAanlsnLiiasaINdnSwaves

JLULIAMAGDY

Moisture During time

content

(%w.b.) 30 min 45 min 60 min
10 65+06" | -72¢09" |-7.7x08"
12 1.7207" | -21+06" | -22+34"
14 1.0+02° | 30+16" |19+16"
16 13:24° | 65+31°° | 82+34"
18 6.1+33° | 10.6£06"° | 13.0+3.4"
20 10121.7° [ 144411" | 16.1206"
22 13.6+08° | 157+0.7"° | 17.0x1.6"
24 15.4+03° | 17.24¢15"° | 185+1.0"

NUBWA: SNwstuLIRALINUNATY HeTa ATIULANEN
HldAyneadia (p < 0.05)

A1 b* YBINTEANWARBUAISIAUDaRAADLSA 7
THUszitiuauTuIILAATIWEaN WUl et
Waanianudusn b* daiduau wanede Ay
Wudi[u wazidlatnildanianuduinedu b* i
& P & A a
ANYUUIN LLEAInNe AMMLUUELaRY N15LdasuLUas
ANMUTUVDITNLUFDNTUTIS 10-24%w.b. AINARDAN
b* 9E1TARUURNLINUAT a* AAAIlUNINA 8

10

® 30 min_b*

5 A 45 min_b* g
B 60 min_b* @ .
0 |
’ L J
5 10 12 14 16 J.o] 20 22
x
ol = .
-10 5 -
A MC 10 12 14 16 18 20 22
-15 - = ® r E E D C B A
-20 4 F E D C B A A

-25
Moisture Content (%w.b.)

AN 8 NsUABULUAIAN a* YBINTTANWLAFDUANSIAUBAR
AABbALIDINNBNTNAVRIANUTUL UGN
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or

24

24

8L Snusluln AR ITuTF1iUY vt ANULANe
edAgyn19ada (p < 0.05)

dlofiansandvinavesszeznainisin 30 uafl
45 Wil ey 60 W1 WUl buananiuegnaiite
dfy fiszdiumuty 10-12%w.b. usidlernuty
Wiutuaznudn Sifleaszornainisia 45 Wit uas
60 unfl Tilsiuanenafuegnadiveddey WuReituen
a* Faanslunissit 5

A15199 5 NsiUAsuLUAYAN b* U89nTEAuARBU
A15lAUaRAABlIALLDIANNBNTNAVDY

JLULNAMNAADY

Moisture During time

content

(%w.b.) 30 min 45 min 60 min
10 17.1406" | 17.4+05" | -17.8+0.3"
12 11.4+06" | -12.8+02" | -14.7+26"
14 10.6+0.5° | 99+02" | 86+1.1"
16 80+05° |-24+08" |-1.7+13"
18 38+05° |09+13" | 15+21"
20 09+21° |33:04" |30+08"
22 21+13° | 4.0+09" |47+09"
24 27+05° | 41+10° |6.2+08"

NUBUA: NI ITUARTY anefis AuLanened

HodAyn19ana (p < 0.05)




MsmAAMLT L LEnTEonaInNT IR
muRudiimdvestesnsemalulnauftiu Ui
auduluwdadnudenavrinlanuguduimg
Tugesonaiiiudsuudas fadu msiiudidden
Tulvaunuueg1stey 45 U7 F9aziieanali
Usinaanuiuluwdndndennssaesaunseit
Artuduimslugesenniasie iAnauna donndes
FumsH9y Davis, U. C. (2017) 189143 agvily
wansUasunlasdasdanaldniely 20-30 i
wardarliiasundamdianiiuly 2 Falus

5. dgduazaiusnena
NANNSVAABRIANSANULUAIAAYRINTEAY
wasvaisazalulausanmaslss tud1Uaanig
ALY 10-24%w.b. Wunan 30, 45 wag 60 Ui
Il 1 d' = [ d‘
WU NIEAwAzAyY Wasuaniiduvuniile
g A X A a ' A
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undnge : maluladvususituvinaidn e Micro Aerial Vehicles (MAV) fdsldfuniflonaenann 1osan
annsmhludszgndldldograunsvanglugnsislunssusuuutlniuagnsujiaansialuanmnadond
Hudunsiesouyud 8 mafumuazdieialumgnisalssdaviowglilng fafuideTadennuaulad
agoonuuunalnuazvimensnszietnvesjusudturnadnuuunssfietniionsdunuuaseslsogadl
Uszansnw Taegiselsoonuuunalnnisdudiuau 2 suuuu Taeguuuud 1 1Wumadeunuuvitmenstu
yosuuasidnuazmsiuwudnamuiioniu viefiEendn Clap-and-Fling dwiusuuuudl 2 Wunalnnis
nszfodnifsuuunuiu-as §ifeldhnavaaouyssaninmusanalnmansefteTnlemstaussonuas
ussduuuuBeding anlvanwadlunnu x wazuny y deyaiiléinnnisuszmnanasinuuesa Arduino wanis
Aouandliiui nalnnsduluud 2 yened 60 e adaussdundslsnniian uavairsusssniadeld
unniigadmiussUenei 0 o9

mdfn - lulasged nsnseiietn mstuwuunudnimiu nalnnisduluunuas

Abstract : Micro Aerial Vehicle (MAV) Technology is becoming very popular because it can be widely
applied in novel battle tactics as well as operations in the environments that are danger to humans,
such as searching and rescuing life in an explosion or fire events. The researcher therefore is
interested in designing a flight mechanism of a MAV for an efficiently hovering flight. For this project,
two flight mechanisms are designed and fabricated. The first mechanism is a mimic of an insect flight
characteristics, in which two flapping wings are clapped together at the end of the upstroke and then
separated, hence, a clap-and-fling mechanism. The second mechanism is a conventional method of
flapping up and down. The lift and the thrust forces are measured in real-time using two load cells
in x and y axes. The data is then processed by an arduino board. The experimental results illustrate
that the second designed mechanism produce the highest average thrust at the angle of attack at 60

degree and the highest average lift at the angle of attack at 0 degrees.

Keywords : Micro UAV, Flapping wings, Clap and fling, Insect flisht mechanisms

U1 17 (2562) VOL.17 (2019) 129



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

1. unin

N1IWAIUIYBINBITINDINTAR BIATadeAIY
AONAADINUTITUYIF ANANYUELAET0I1AVDY
f&mise1n1a sausandnennsifinsounses
wieluladldany Fsnrmimiweamaluladads
Tnsd fnalunisiaunyszmeansluduauiuas
Aranngn veseulutssmea Snitasannsntanld
iiensthovdeuarsuigauazanluiinuszd
$u ilegmiAnmmnisalliaeiiy maluladneiy
ViuguAdusInEN %158 Micro Aerial Vehicles (MAV)
Iagnihanyssgnaldegraunsvany lagianizegns
Besunsvms enfimgmsaianulaiasludmia
aumeRaUNIAlIvsonIaite i ImMIEnINgneuas
Usgimaiioutiu enagiliaudurunadndiniy
gmsisanansagmilulfiiemdeyaluszerlndinae
finuagasiilunismankagminiinnisideniy
fanusageusuaugadelinszldsuussuna
Ladan

fouslneaninguddeludesdossudy
Tufionireulaudunuudnnse (Fixed Wings)
wsawuuUnynyu (Rotary Wings) wivuguaduwuy
Ynnsedie (Flapping Wings) anunsaiadeudils
prpsuAdaNdt Bnttinsdunuulinnsefiotuiited
fiudangarovimanstuimduuuudasy awisa
Waguiiamansiuldifevsiuiiviule dsielviAn
Usglovtifunsvauvandainunanisiadouilud
way dasansliiuludnisimanuuas egdlsfinng
wialulagviusud dusuuUnnseiiedsnaiin1sfing
Aupiireutation

Liu wazAy [8] 99NWUUYUEUARULUULUY
navfefiivanuadtnyiupniusuisnysiusng 3
AueUnwiiu 15 wudwes teegidulaviinig
NARBIYLNALEUH AL NANIYBITIIAT U T
wyvinduiutnindessivunamilsainlileus

v A

= @ a4 o o a
VUANER TalnuiATaeinlse vnsilaguuuInYes

130 @i 17 (2562) VOL.17 (2019)

wieAsuaudy 0.3 0.5 0.7 waz 0.9 fadwums Wad
Ionansliiuindeurisasuounfiduniugudnans
YUIR 0.3 ﬁaﬁLumLﬁmﬂWiﬁmaqaﬁﬂﬁ,lﬁqeﬁuﬁa%ﬁa
Tatutdesniunsuaundvuialug niuazds

a A A 1 ' ¢ Ao vy
Anudtun1snseieUngeluuvisasuauniiduny
Audnanuua 0.3 fadwasilviAanisslouuud
(Resonance) dINaALsITUANAY

Wong tag Sawatdipon [9] AN HaT09N1599
Ynlunueudtnnseite lnsgatunanuainsalunis
BUNUTUNIAERNIEIIMENYININSNTENaUNTULND
AanLIIINUBINIANAZIANTY SngUszairvaifeiliive
¢ I a A Ao A
Anwnaveansioeeedasylulnidlyusyninetnly
Autnuenwiniu 0° (lalse) 15° 25° uag 35° wavtU3su
~ ' v a a P Y Al
deud yailalvidsgdnsamlunisasiussentadnan
TngldwinuSuyulens augdidelioanuuunazaing
WugudUnnsziiaionagay lnen1snuanIINen?
PR a ¢ o aAa <
Un? 40 wudwnsnaaesluglurauiandaiiug,

P 2 a | ' Ao

auuazlifimnudiaunyuUsnesingg wudnisitn
A1115098 o ag9dase Vi liiuUsEAnS A nn19ng
TulsuazyuszninUnludulnuenidu 15° Tina
MIIMMANaFEnSlagLaaeANEn

WY LAY I5IUN [10] WU ILIINIIBINA
wamanininantnuuunseiiedusgiudadenig
WaAndvianeUsznis Wy JUnswuasnsnaeulnves
Un FannldilnuazanimeiniArean1sty Wi
voaUnnianudanguazUiusunsalunsnevaues
A15b1aY990INARNUTN FIFINANDLTINIIDINA

e v X A o = oA Y

NAAIEANSNAS19TUINNN1TASEN T NTILNI1TUSU
Wagugunsaugduuunisnseiievestnilving
nyursednievesln n1sdnlassainawestln wu M3
IALNUNANVDIUNBALITUIUBNUNENVDIUN TIAIEE
san1suTulUasugUnswesUnunedu Uniilinnsdn
1A9AS19UNAA19NUY TNATDILTINIDINANAANENS
AN9NY



[} '3
2. W UIzen
] Y a v ‘:’ll::lcu I3 dl'

dmsunuideliiingUssasdiionanuuuiag
as1analnnistuluukuasdmsuanagulsaudu
YUIALANTLANAIITY F1UU 2 Nabn hazimuiszuy
ASNAADULALNNT IALSINIDINIANAANENS (598N
WALLSITU) WiaLUSsuRsuUsEanS A nuasnalnnig
FULUUABYAD TINAGNI MU LA1NNUATBRNLAN

1 a o d‘ % 1 I&J

A199NUIB DU s B lUT

1. lonalnnistuwuunseieUnAuwuudinsu

P ) I ~ A aAa

ondgnulsauurLIndnwuUlnNsENe Rt L
Unwuna 15 .

2. lA58UUNITNAEIUKAZNNITTALSINIIINA
naransLuuisealnidrsuoneeulsautusLn
Bnwuudnnseile

3. lnAnwinavesyulensUnniinasiowsini
aInAnaransiiioinluussyndldluniseenuuy
onagulsAuTukuuUNNsEaluauIAn

4. | AaUNISLANIANUALNUSTE NI IUNLAY

v W = A A
wsaTUAUNAkaEANNDlUNSNSENBTN

a o d' d' 174

3, 1PNAITLAZITUIYNLNYIVDY

LUAIALA DIAS 19T IUNNT VLAY A UL
Yp3iTueRNaNATaIN15aYIN10ULS wuaINSEie
Ynienazuanmnusilaieuiuainia (Relative
velocity to the air) SaulUTUSIIDINANAAERS
= v a v A a a" @ d‘ v
fawiduuaaeidnsnsnseieUnias Anusnle
Y A ] ~ ~N AY v & = a
TpullnaeunladliANUgIVBIUNNAY Aatudedl
AdIUTEAVDYRIUSIENaY WuAsldsiuruamiiy
2 Tunansadudny asannuuastivuiaiantasil
AMUSeY favsdluan (Reynolds number, Re)
vosUnuuasdulngdsliates duAstanin 4,000
IngunAdinsunisyinuvesUnluanzauna 01
fnavsdluaniatey agvinluanuaiusalunng
NAnwsIenUauatlunie Feg1aiu 91 Re = 104 AN

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

é’uﬂizﬁmémwagqqmmLqummmwmqﬁﬂ'ﬂ
Usvanas 0.8 uazdl Re = 100 duuszavaussen
gegaveslunalnvasiuasiunalyl (Fruit-Fly) 9z
fldnUszann 0.6 FatunnsfiLuasaunsaadiea
Sulsvansuseonlgunlurasfidsavsdluads
T desdunaiinannisinavesenniediliing
I1NASANEILUIE09T8INTEUIUNTAALTIBN
fifiAngsidiavssluadiuuulinfivesdnuuas
wurndunamnannssuruiiendn Delayed stall
Faanunsaesunensyuaumsialasedl [1-4] Tutas
nawesnisnseftedniu Tnvesuuasazindeuiian
ymﬂwzﬁgja (High Angle of Attack) Uszune 350
dvsudnveunsosduiindeudisrsninuind &

'
a

grifisuUsngliiomaann nszuaenniadilyasiu
NuRaduuwresdnazusnaen liAanszuaiy
wio Vortex lndfuveuntvestn Jsanunsandn
wssenvalvallaluiimaruazazuendieanaindn
vhligapdoussonluiian unngnsaiifeniinisgey
@ousswnvastn (Stall) dmsulnvsuas aunse
liAnnszuauivinaveuntivesdn (Leading-
Edge Vortex , LEV) lawuriu LALLATAND
Snwnliinszuauogldmasnan 1osnnisgade
ussentugniidluegnennsedonnasuiunisiin
Delayed Stall

Taerhlu InveuuasdinnnueriadsUseunm
3.4 finduins [5] winsAnwiludesiidulvgarne
wasiilwnelug) wWu dnuay fdenansiu wiase
e wazumasty dvSuntasunaEniy Weis-Fogh
(6] laAnwuuasdnnindanea18Wus Encarsia
Formosa wuiiluungifuiideasnyudniiiod
szasudonymstuamesdniu Jnvesiuiinng
wdeulmuuufivay fiendn Clap and Fling tufie
Tupeuievesdmmeznsnszfedntu Uniwaosdna
aeud i funaslodumivesdniaendlng

9 17 (2562) voL.17 (2019) 131



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

fiu Ynitsaesfagvyusounuduniitvesudasdn
(Clap) mﬂﬁ’ju Tun1sBusuresiamneasinsnseite
Unas Unisaesazgnilineanlneniavauseunudy
wdwosazln (Fling) uenani duilfidevrcuia
Wnszuaunsblunsduiuanitu nssudenniuay
ussenIAmamansfignaiialaenszuiunis Clap
and Fling

MnMsAne [7] wui uiasdulvgfinoudly
nsnseiteUn (n) geuaziissezvainisnseiietn @ 7l
N9 A0 fruit-fly, n ~ 265 Hz and ® = 1800
wag virilis, n ~ 160 Hz and @ =~ 1600 [7] A5
WBUDIUNLNAILUINUNTITUTZEZUDIN1TNTZID
Un (Stroke Amplitude) ® anudlunisnseitedn
(Wingbeat Frequency) n lazA218179030n (Wing
Length) R Miavisdluanuusiunsaiuanusuiisu
UAZAUIMIABIATDIUN ATULTINNDINIANAAIERNS
yastnuUsiumssiumddeswesmuiduaituiives
Un W r2 \Uusesinsvyuvestn (Radius of Gyration)
U Wueuduadefiseiinsmuuesdn Re Wulaw
is8luanvesln way Fiduusimsennanadiansuu
Un 2zlaan [7]

U =20nRr, (1)

Re = Uc/v = 20D nR)Rr ,/vAR (2)
2 22

FaUS=Q20nR) R /AR (3)

o7l r, = /R, ¢ FeAueaasveInesn
(Mean Cord Length), S Lﬁuﬁuﬁ%aﬂﬂ (S = Rc), AR
ARBRTIAIUAN ALY (Aspect Ratio) ¥83Un Az v A
ANNAANENSAIUNTLAYDIDINA

PMNEUNITILLTULSIN 5 war AR lduansdnaiu
wnlunuasusazyia nevilu 2 = 0.6 uas AR ~ 3
dnsunasiifiaruenidn R Mdn Fesuduiiazdios
THsvuzveansnsziie @ wazaudlunisnsziie n

132 % 17 (2562) VOL.17 (2019)

fann Weflazanunsadnwmanund lilssnauly 8
9198 NaliLavlT Il UaALaLLS I INANAANERS
wealAuld @115y Fruit-flies D. Virilis @1 R ~ 2.9
Jadns n ~ 160 Hz way d~ 160° I U Uszaed
1.53 ms}, Re fA1Useannd 100 wazanunsoasis
ussenldwinihduthuinga 7] 413U Vegetable
Leafminers (1.4 faawns) Huwindnnin Fruit-Flies
Uszanauaaawin (', way AR Juuialnaifganiu Fruit-
Flies) o7l4 n wag @ wiriuiuves Fruit-Flies agla
U wihiu 0.74 msL Re = 21 uazldusseniisiounn
Taifisaneiiosnnussenudsiunssiuigsaesves
U wsignlden n wag @ auanuiduasauds awla U
- 1.49 ms'! uaz Re = 40 Feazulenarnnisld n
way @ Afvunnreuiidlng Vegetable Leaf Miners
anunsaaseussenlines fu Fruit-Fly fiflvunalng
nidsaeawin uenant AausHausdlundasiiauin
fissnniufdoliinnnuluiedeutuuasie
w9 Afawslugndn

yonand Sedunldifieriorlae @ fiden
1Nty wiasazdesnsefietndeyuiisnaniialng

q
=

iABs -90° wagyuiigegaunnin 95° Fuilenseile
UnfouugeaniAundt 90° u druusnveslinay
fidnvarwilounudmiundeiiSenit Clap and
Fling Thues dnvaenis Clap uag Fling Qmmmﬂu
Al 1

Tnwasy Tumsduuuunsefietndu dadefias
Preasuusiaeeiiiiieiu 5 Yadendn laun [7]

1. Delayed Stall Wunsvrasnailunisina
viau (Stall) vesvususinseiietn ludsneiagiinnis
FvEY anusavinbiveaonaitun1ssld usud
IWAINT0ABYAIANIRENANDINALS luan1IzIziin
AUVLUINUTINAUNENTN (Leading Edge Vortex)

2. Rapid Pitch-Up endaunanisduiuuaseeg
fafuiiunsufiaddouasuaas Inaznsefioludng



g
/S

End of Fling

Al 1 nalansnsefiednguuu clap and fling [7]

PULALNRINNNUNAILNTENOTULALAY UBNANNT
sgaoinsnyudnldee Fm51159 VBINIIUYUUN
fedunusAunIsnsEialn

3. Wake Capture siuUn@uallun1siuves

a a = a a ¢ & A a
LA5BI0UNIBNNTLATRANVDITOBUR NUN Wake %58
A A= 2 a A v a
Wuwm‘ummmﬂummwﬂmﬂmngm (Drag Force)
LALATDIDULALINOUR YINIALSITULARDUAAAY Lhel
ANMSUNISTULUULEAABULADS UN WATLUAY NUN
< @ a Ao & < | ° vy
yuaINAuaINIndu AsNuUBINIAALEI8YIn e
LSINAYDIDINIANANLITOAS 1T IADEA LALNUNATD
wae Beaunsainiiuenialeuin ussassdlazilen
1NTIU
. < A A

4. Clap-and-fling LUunalnnsnseieUngunuy
wilaAnAulng Weis-Fogh tunalniiUnusazdrasnu
WIYNULAILENDDA NTAULNINULNBNILET 1T
JULAABUIALNTULAL LTI NN DBNALTIBLETL
sAnAuaINIAliLN U g INTFuN1SaS19n1S
R VO e AT AN ST e Ta L]

5. Wing Structural Flexibility mm%mju

N oA A | 9 U oA A A

9a9UnTIlduNdmanon1sasansaenad d9Uniiau
a ' 1
EAEUET ustaaefINdA1gey

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

4. A niun1sAne
4.1 eenuvuuasanalansnszietn
Aidglavanuuunalnnisdudmiveiniaenu
BBaudurwadndiuau 2 guwuu sglusunsy Solid-
works wazasawuusaeiewesesiuiauia (3d
orinter) Tnedlseazideassioluil
4.1.1 nalnnisnsedieUneuwuy Clap and
Fling
AN 2 wansnalnnisnseieUneuwuu Clap
and Fling lngiasdendeiissan1sdendeuunn 4
. W @Unnsefefiflsvagnissuruin 8.5 uy. fe
whudsmasuun 17.5 uu. Ingldusmesiiiinsyua
ASILUUTLUSIEUIUIR 10 06

n) wuudnaseantusunsy Solidworks

%) WUUINFDINNLATBIRUNAUTR

auil 2 nalnnsnseiletnguuu Clap and Fling

971 17 (2562) VOL.17 (2019) 133



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

4.1.2 nalnnisnseiaUndeuuidu-ad
P A A a
ANA 3 wansnalnnisnseietniReIwuy
Ju-a9 laglesdaniasdiszeegnisdeniaaruin 4
130, Wdulesdanulnnssfianilszarn1ssuruin
3 I mgknuaINauIn 17.5 v, Ingltusimes
AN ZhansUUTLUSIEUINIA 10 TR6

) WUUIBDINLATDIRUNAULR

A9 3 nabnnsnsERaUNAeILUUTL-a

4.2 75I9ASINNOINIFANAAITNT

2,

HAT8YIN15IAAILTINIDINIANAATIAS

Y

18

aa o a o = = [ ‘éj

FnsunausluuIde [10] Wnedsivazdennail
4.2.1 gunsainldlun1sina

4.2.1.1 Wanwaa (Load Cell) [11]

WUTT UM AL UaAI NI N19INav09d 90

Tidudsunaumieludn fsUsznaudieansuing

(Strain Gauge) \Jud1un5193U FeazAoee Way

134 %7 17 (2562) VOL.17 (2019)

ﬂ"]mmLﬂ'%ammqﬂaé’uLﬁamfmﬁ’mﬁﬂmaﬁmqﬂu
Aauumuliih Tnenisiiamaugumuils
NAATUNROENTUI99TUTAS wazilodadniu
WVEIT1ULIIAUN TERARNTINLAINTANIAND NG
v minimgfiuasuudanduausadulaidiile
Faandlunnd 4a) dmsulnanwadildlunis

naaoadulranwadvuin 100 n3u fAAnuluindu
0.7A + 0.1 mV/V

n) anwaa ) 2995 vanwaa

2NN 4 Wanwaa n) anwas ¥) 2995vianwas [11]

4.2.1.2 HX711 Weight Sensor
Amplifier wanslunmd 5 Julunavenedyaalu
sURUUTRIFMAdTa 24 Tn Tneldldes 2.6 -
5.5 Taas vinuunfsenseualniy < 1.5 mA way
vhauitsenmgll -20°C fa +85°C

Al 5 Tuga HX711 [12]



4.2.1.3 vasa Arduino (nwidi 6) Wuuesn
lulas Aoulnsiaesmszna AVR Aflmsiauiuuy
Open Source Fofimadamedoyaisdnueinud
wazgandwls fueata Arduino gnasnwuulnly
ulade Tun1srgunsaliasumieg a1unsnsieas
didnvselindanneuenlneideusieiiuniiun 170
YosuesavialfiemNaranansnidensetuuesa
LESUUIZLANA

Microcontroller : ATmega328P

Operating Voltage : 5V

Input Voltage (recommended): 7-12V

Input Voltage (limit): 6-20V

Digital I/0O Pins : 14 (of which 6 provide PWM output)
PWM Digital I/O Pins : 6

Analog Input Pins : 6

DC Current per I/0 Pin : 20 mA

DC Current for 3.3V Pin : 50 mA

Flash Memory :32 KB (ATmega328P) of which 0.5 KB used by
bootloader

SRAM : 2 KB (ATmega328P)

EEPROM : 1 KB (ATmega328P)

Clock Speed : 16 MHz

AW 6 UaSA Arduino UNO [13]
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BWAILITULUUDIA Arduino A1ntUsidmye

e
e °55

WINULAS9ARURLADSAIE Serial Port iavudin
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Robot

A Load Cell [P HX 711 [Nl

- Arduino P CPU

Load Cell [P HX 711
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MnUNTElALEIUN (Wing Span) w1 15 4. 7l
Uenguaneineiu 4 3 taun 3 0° 45° 60° wag 90°
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Trust at 0 degree
T T T

F(t) = Assin(2TTft + ©) + C @ ()

Taoil A fie Anugevesns vl £ Ao ALdves
n31¥ (Hz) © Aia Phase shift (°) C fia Vertical Shift
wag t Av 1Ian (s)

Weight (g)

4.1 nalnnisnseiletnauuy Clap and Fling I =~
Liftato degree. yulewe 0° T() = 0.72sin(27T10.21t + 49.09) + 0.61
"
. 'I:rustal‘lsdognlo
s @ e
§A|-
" T|rr|‘t;(s)
Hagng 0° L(t) = 3.50sin(27T7.39t + 8.15) + 0.085 T T T tmew

(@) HuUzny 45° T(t) = 2.67sin(27T38.29t + 37.57) + 0.16

Trust at 60 degree
T T T

(m)

Weight (g)

Weight (g)

Tmes)

(m)

’ Tlrn.e (s) )

Hudegng 60° T(t) = 2.39sin(21T23.37t + 18.61) + 0.18

;;; i Trust at 90 degree
= (@) T 1l |
b . b Tlmls(s) h @:
Uz 60° L() = 6.965in(2725.69t + 32.13) + 0.77 £,
(9)
L b Tim:a(s)
E’, gu‘dzm 90° T(t) = 4.15sin(2731.08t + 30.69) + 1.17
amdl 9 nslussdunalnnsefednuuu Clap and Fling

’ Tlmfa(s) .
Hudgng 90° L(t) = 3.39sin(27T23.17t + 25.56) + 0.98

A 8 navlussennalnnszitedniuu Clap and Fling
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2

Lift at 0 degree
T T T

Weight (g)

Tlm; (s)

Hulgng 0° L(t) = 9.57sin(27T5.64t + 8.77) + 2.34

Lift at 45 degree
T T T T
(SU) —— Lift at 45 degree
— Curve Fitting
o 3
e
Cl
£
(]
2
sk
Time (s)

Huyny 45° L(t) = 6.19sin(27T5.54t + 9.25) + 1.05

Lift at 60 degree
- - -

(R) .,

Weight (g)

HuUgng 60° L(t) = 4.03sin(2715.32t + 14.14) + 1.60

Lift at 90 degree
I e

T
——Lift at 90 degree
o —Curve Fitting | |

Weight (g)

3 o ) ., a5
Time (s)

yudeny 90° L(t) = 1.65sin(27T10.52t + 7.46) + 1.31
AN 10 NsussennalnnseiaUnPeILUUTU-a4
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(ﬂ) . . . lTrust at '0 degrce'

—Trust at 0 degree
— Curve Fitting

Weight (g)

Time (s)

gudgng 0° T(t) = -0.95sin(27T25.48t + 60.66) + 0.26

(@)

Trust at 45 degree
T T T

Weight (g)

Tnm; (s)

HuUzny 45° T(t) = -6.43sin(27T5.54t + 28.59) + 1.38

(m)

Trust at 60 degree
T T T

Weight (g)

Time (s)

YUy 60° T(t) = 7.99sin(27T5.36t + 10.73) + 3.72
()

Trust at 90 degree
T T T

Weight (g)

s
Time (s)

34&1‘1]3‘1/13 90° T(t) = 8.80siN(27T5.28t + 6.26) + 3.73
P o N A A X
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Abstract : This research purposed to (1) compare scientific argumentation skills of second year
students, at Armed Forces Academies Preparatory School, Nakhon Nayok Province under context-Based
learning on the topic of Biomolecules with that of students learning under the conventional teaching
method; and (2) to compare science learning achievement of second year students, at Armed Forces
Academies Preparatory School Nakhon Nayok Province under context-Based learning on the topic of
Biomolecules with that of students learning under the conventional teaching method.

The research sample consisted of 70 students, two classrooms, second year students at Armed
Forces Academies Preparatory School, Nakhon Nayok Province during the second semester of
academic year 2018, obtained by cluster random sampling, after that, each classroom was drawn into
experimental groups and control groups. The employed research instruments comprised 5 learning
management plans on the topic of Biomolecules. The data collecting instrument included scientific
argumentation skills test and learning achievement test. Data were analyzed by using the mean,
standard deviation, and t-test.

The research findings showed that (1) scientific argumentation skills of second year students, at
Armed Forces Academies Preparatory School, Nakhon Nayok Province, under context-Based learning
in the topic of Biomolecules was higher than students learning under the conventional teaching
method at the .05 level of statistical significance; and (2) science learning achievement of second year
students, at Armed Forces Academies Preparatory School, Nakhon Nayok Province, under context-Based
learning in the topic of Biomolecules was higher than students learning under the conventional

teaching method at the .05 level of statistical significance.

Keywords : Context-Based learning, Scientific argumentation skills, AFAPS school, biomolecules
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Abstract : 2,4,6-Trinitrotoluene or TNT is one of the high explosive which is defined as the standard
explosive in the military. Because of its toxicity and persistence in the environment for a long time.
The study of TNT degradation was investigated. The main objective was to determine the feasibility
of the integration of phytoremediation and fenton oxidation for TNT- contaminated water treatment.
The 40x40x60 cubic centimeter reactors with Vetiveria zizanioides and laterite soil were prepared.
The laterite soil was used as the iron sources of the fenton oxidation. The TNT degradation
efficiencies at the concentration of 40 milligsrams per liter were investigated during the experimental
period of 12 days. The results indicated that the TNT degradation efficiency by phytoremediation with
Vetiveria zizanioides was similar to fenton oxidation with laterite soil, which were 91.80 % and 91.76
% respectively. Whereas the degradation efficiency by the integration of phytoremediation and fenton
oxidation was 95.08 %. The TNT degradation by laterite soil was found most effective during the first 3

days of experiments, whereas the TNT degradation by Vetiveria zizanioides was found most effective

during the first 6 days of experiments.

Keywords : Trinitrotoluene, phytoremediation, fenton oxidation, Vetiveria zizanioides, laterite
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Abstract : A novel diacetylene rhodamine-based solvatochromic dye (DA-Rhoen) have been synthesized
by amidation reaction between Rhoen and DA. Chemical structures and purity were characterizations
by 1H NMR and ATR-FTIR. The photophysical studies in different solvents, such as H20, methanol
(MeOH), ethanol (EtOH), dimethylformamide (DMF), acetonitrile (ACN), dimethyl sulfoxide (DMSO),
tetrahydrofuran (THF), dichloromethane (CH2Cl2) and chloroform (CHCL3) were studied. It was found
that the largest color and fluorescence changed were visualized after dissolved in CHCL3 solution.
In addition, UV-visible and fluorescence spectra also showed a new significant enhancement of
absorbance intensity (at 550 nm) and emission intensity (at 570 nm). The solvatochromic mechanism

is caused by solvent-induced equilibrium shift to ring-opening of spirolactam form (Z-form).

Keywords : Solvatochromic Dye, Rhodamine, Diacetylene, Color, Fluorescence
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1. Introduction

Solvatochromism is the occurrence ob-
served while the color due to a solute is differ-
ent when that solute is dissolved in different
solvents [1-2] and change shape, absorption
spectra, Amax, and intensity [3] depending on
the nature of the solvent [4]) of a chromophore
in solvents of different polarity [5]. A called
positive and negative solvatochromism due to
bathochromic (red) shift and hypsochromic (blue)
shift with increasing solvent polarity, respectively.
A convert bathochromic to hypsochromic, or
vice versa, by the increase in solvent polarity,
is called reverse solvatochromism [2]. Solvato-
chromic compounds are those solutes that
induce a change in the color of the solution
with a change in solvent polarity. Normally,
solvatochromic compounds have two extreme
resonance contributing structures: one form is
quinoidal, nonpolarized, and formally nonaro-
matic; the other is zwitterionic, polarized, and
fully aromatic. The change in the absorption
band with solvent occurs from variation in the
contribution of these canonical forms to the
overall resonance hybrid [6]. Solvatochromism is
crucial in determining the properties of molecular
solids, including solubility, physical and chemical
stability [7-8]. Therefore, solvatochromism has
a central role in a number of fields including
pharmaceuticals, pigment chemistry and

materials science [9].
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2. Objectives

This research was aimed (1) to synthesize
a novel diacetylene rhodamine-based solva-
tochromic dye and (2) to study a relationship
between a novel solvatochromic dye and

solvents.

3. Literature reviews

Rhodamines are highly fluorescent dyes [10].
In general, rhodamine derivative displays a red
color change and strong fluorescence in acidic
solutions by activation of a carbonyl group in
a spirolactone or spirolactam moiety [11].
Nowadays, there is much previous research
investigation their properties because of their
displays interesting equilibria which depend on
concentration of solvent such as Ramette' and
Sandell [12] were investigation of rhodamine
B (R) equilibria included a benzene extraction
study, measurement of solubility of R salts and
a spectrophotometric study in aqueous solution.
Hinckley et al [13] had been studying electronic
absorption spectra of rhodamine B which
depend on solvatochromism and thermochro-
mics. Zakerhamidi et al [14] had been studying
a solvent effect on absorption and emission
spectra of rhodamine dyes that depend on the
nature of solvents and the attached substituents
on xanthene skeleton. Benchea et al [15]
reported a solvatochromic study establishes
the contribution of each type of intermolecular
interactions to the spectral shift of the absorption
band of Rh 6G and Rh B in a given solvent. And

rhodamines are widely used with numerous



chemical applications such as sensing materials.
Among of sensing materials, polydiacetylenes
(PDAs) are one of the most capable due to their
unique chromism properties and becoming
interesting materials. The blue PDAs undergo a
color shift to a red phase upon various factors
such as solvent [16]. For example, Wang and
Han [17] had been preparing of a rhodamine
B-functionalized bis-polydiacetylene (RB/bis-PDA)
film sensor for Al3+. The interesting solvatochro-
micsm property of PDAs induce to extensively
used with the chemical application such as Park
et al [18] had been reported optical solvent
sensor based on solvatochromic polydiacetylene
for tetrahydrofuran (THF). Dei et al [19] had been
studying an aggregation of PDAs according to
the decrease in the solubility in a poor solvent
and at a lower temperature that helps to occur

solvatochromism.

4. Materials and methods

4.1 Chemical

All reagents were analytical reagent grade.
Rhodamine B, and 10,12-pentacosadiynoic
acid (DA) were purchased from Aldrich. N,
N’-dicyclohexylcarbodiimide (DCC), 4-dimeth-
ylaminopyridine (DMAP), ethylenediamine and
MeOH were purchased from Merck used without
further purification. Dimethylformamide (DMF)
was purchased from Merck dried over CaH2 (pur-
chased from Fluka) and freshly distilled under
nitrogen prior to use. Dichloromethane (CHZCLZ)

was purchased from Merck distilled before use.
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4.2 Instrumentals

'H NMR was measured with a Varian 400
MHz spectrometer in CDCI3 with TMS as the
internal reference. Fluorescence spectra in
solution were measured with a Perkin Elmer LS
50B. Absorbance spectra were recorded with a
Perkin Elmer Lambda 25 UV/VIS spectrometer.
ATR-FTIR spectra were recorded with a Bruker
Tensor 27 ATR-FTIR. Column chromatography
was carried out using silica gel (Kieselgel 60,
0.063-0.200 mm, Merck).

4.3 Synthesis

Synthesis of rhodamine ethylenediamine
(Rhoen) [20]

Rhodamine B (0.20 g, 1.67 mmol) was
dissolved in 30 mL of methanol, and ethylen-
ediamine (0.22 mL, excess) was added dropwise
to a solution and refluxed overnight (24 h) until
the solution lost its red color. The solvent was
removed by evaporation. Then the residue was
dissolved by dichloromethane and extracted
with sodium bicarbonate 2 times, water 2 times,
bicarbonate 2 times, respectively. The combined
organic phase was dried over with anhydrous
sodium sulfate and a solvent was removed by
evaporation. After that, the product purified
by column chromatography (dichloromethane:
methanol: triethylamine 10:90:1 v/v). The yield
was 74%. 'H NMR (400 MHz, CDCL,) & (ppm)
7.86-7.81 (m, 1H, ArH), 7.45— 7.32 (m, 2H, ArH),
7.08-7.03 (m, 'H, ArH), 6.42 (s, 'H, ArH), 6.39
(s, TH, ArH), 6.37 (s, 2H, ArH), 6.38-6.21 (m, 2H,
ArH), 3.32 (g, J = 6.8 Hz, 8H, NCHZCH3), 3.12 (t,
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J = 6.8Hz, 2H,NCH,CH,), 223 (t, J = 6.8 Hz, 2H,
NCH2CH2NH2)’ 2.05 (s, 2H, CHZCHZNHZ) and 1.16
(t, J = 7.2 Hz, 12H, NCHZCH3).
Synthesis of Diacetylene-Rhodamine
ethylenediamine (DA-Rhoen)
N,N" Dicyclohexylcarbodiimide (DCC) (65.3
mg, 0.316 mmol) in methylene chloride (3 mL)
was added dropwise into a solution of 10,12-pen-
tacosadiynoic acid (DA) (129 mg, 0.344 mmol) in
methylene chloride (9 mL). Then, dimethylfor-
mamide was added dropwise in solution. The
mixture was stirred at 0 °C for 1 h. Rhoen (200
mg, 0.419 mmol) in methylene chloride (7 mL)
was added dropwise into the reaction mixture
at room temperature. The reaction mixture
was stirred at room temperature overnight. The
mixture was extracted with methylene chloride
(25 mL, 3 times). The organic phase was dried
with anhydrous sodium sulfate and evaporated
to yield the crude product as a white powder.
The crude product was purified by column
chromatography on silica gel eluted with a
mixture of ethyl acetate and hexane (50:50 v/v).
The yield was 50 %. "H NMR (400 MHz, CDCL,):
o (ppm) 0.86 (t, J = 6.8 Hz, 3H; CH,), 1.09 (t, J =
7.1 Hz, 3H; CH3), 1.33 (m, 16H, 32H; CHZ)’ 2.15 (t,
J=7.6Hz 2H: CHZ), 2.21 (t, J = 6.9 Hz, 4H,; CHZ)’
2.64 (g, J = 7.2 Hz, 2H; CHZ)’ 274 (t, J = 7.6 Hz,
2H; CHZ)’ 3.33(q, J = 5.7 Hz, 2H; CHZ)’ 6.45, (brs,
1H; NH), 7.11-8.0 (m, 1H, ArH), 6.89 (s, 1H, ArH).
IR: v = 3328 cm™! (NH), 1622 cm ™ and 1520 cm™”
(spirolactam amide-keto), 1620 cmt (C=0).

Computational studies
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The stable electronic structure and the
HOMO, LUMO energies of the DA-Rhoen was
calculated using the density functional theory
(DFT) method at the B3LYP/6-31(d) theoretical

level under the Gaussian 09 program.

(o)
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X
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N o Nk
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RhoB

MeOH H.N
Reflux, 24 h ZIN"SNH,

O
N/A\V/NHZ

OEN/\

Rhoen

//A‘N

DCC/DMF |HO s g

10,12-pentacosadiynoic acid

DA-Rhoen

Scheme. 1 Synthetic pathways of DA-Rhoen

5. Results and discussions
5.1 Characterization of DA-Rhoen
DA-Rhoen was synthesized by amidation

reaction with rhodamine B-ethylenediamine or



Rhoen and 10,12-pentacosadiynoic acid (DA) in
the presence of DCC as coupling reagent under
N2 at reflux for overnight in DMF (Scheme. 1). The
chemical structure was confirmed by 1H NMR and
ATR-FTIR techniques.

PROTON.

s o .
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Fig. 1 ATR-FTIR spectra of DA-Rhoen

The characteristic ATR-FTIR spectrum of
DA-Rhoen (Fig. 1.) showed the prominent C=0
stretch of rhodamine peak at 1679 cm'l, aromatic
rhodamine peaks at 2885, 1611 and 1510 cm
L cH stretching vibrations of the diacetylene
side chain at 2928 cm?, CH, and CH, bending
vibrations 1380 and 740 cm™! and the amide
(N-H stretch) peak at 3328 cmt [21].

45 40 35
1 (ppm)

Fig. 2 'H NMR spectra of DA-Rhoen

The 'H NMR experiment of DA-Rhoen was
carried out in CDCL,, and the spectrum is
depicted in Fig. 2. The 'H-NMR spectra of
DA-Rhoen showed the characteristic signals of
diacetylene protons in the region of 1.0 - 2.0
ppm and aromatic protons of rhodamine at 7.0
- 8.0 ppm. The chemical shifts of amine NH of
DA-Rho around 6.8 ppm [22]. This observation
confirmed that the rhodamine ethylenediamine
was successfully connected with DA.

5.2 Thermochromic Effect of DA-Rhoen

Normally, the xanthene dye rhodamine B
showed two forms in an equilibrium mixture: (1)
a colorless lactone (L-form) and (2) a colored
zwitterion (Z-form) [23].

971 17 (2562) VOL.17 (2019) 169
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Zwitterion (Z-form)

Lactone (L-form)

Scheme. 2 The equilibrium of xanthene dye rhodamine
B

In order to establish the novel solvato-
chromic dye, the DA-Rhoen (L-form) was
dissolved in a number of solvents (H2O’ MeOH,
EtOH, DMF, ACN, DMSO, THF, CH,CL,, and CHCl3).
The color and fluorescence images were
employed to monitor the position of the
lactone-zwitterion equilibrium of the DA-Rhoen
base isomers. As displayed in Fig. 3, the colorless
of DA-Rhoen turned immediately from colorless
to orange after exposure to CHCL3 solution at
room temperature and the emission color of
DA-Rhoen also changed after dissolving in CHCLB.
Because in the case of chlorinated solvents,
the dimer Z-form species were predominated
instant of L-form. This may be due to the
increase in interactions between molecules in the
part of DA moiety to produce the aggregation of
DA-Rhoen [24]. The results were consistent with
previous work which strongly indicated that the
equilibrium shifted toward the zwitterion form
[12-13, 25].
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Fig. 3  Digital images of DA-Rhoen in different solvents

at 10 uM taken under normal illumination
(above) and demonstrating skeletal fluores-

cence under 365 nm illumination (below).

In addition, UV-visible and fluorescence
spectroscopy techniques were employed to
observe the equilibrium shifted toward the
zwitterion form of DA-Rhoen. After dissolved
DA-Rhoen in CHCL3, a new significant enhance-
ment of absorbance intensity (at 550 nm) and
emission intensity (at 570 nm) were distinguished
as a result of solvent induced ring-opening of

spirolactam form (Z-form) (Fig. 4).

570 nm | 800
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[+
202
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2 400
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w
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200
0.0 : - 0
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Fig. 4 Absorption and fluorescence spectra of
DA-Rhoen after dissolved in CHCL3.

Intensity



6. Conclusion

In summary, we have successfully synthe-
sized a novel diacetylene rhodamine-based
colorimetric dye (DA-Rhoen) by amidation
reaction between Rhoen and DA, and the
photophysical studies in different solvents, such
as H,0, MeOH, EtOH, DMF, ACN, DMSO, THF,
CHZClz, and CHCL3. The colorless of DA-Rhoen
turned immediately from colorless to orange
after exposure to CHC[3 solution at room
temperature and the emission color of DA-Rhoen
also changed after dissolving in CHCL3. This
solvatochromic dye has been found to act as
a good indicator molecule for chlorinated
solvents and can be further study as solvato-

chromic sensor.
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