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ABSTRACT
This article aims to study the impacts on the soil cement block from using natural latex additive
as an admixture. Experiments were performed on soil cement blocks using two different types of soil,
laterite and sandy loam. The soil cement block samples were prepared using different volumes of

natural latex as admixture at 0, 2, 4, 5, 6, 8 and 10 percent by weight of water. The properties of soil
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cement blocks were assessed against Thai Community Product Standards, TCPS 602/2547. The results
found that the soil cement blocks produced using finely crushed laterite enhanced with 5 percent of
natural latex additive had the highest compressive strength at 10.96 MPa. This was significantly higher
than the compressive strength of soil cement block without additive at the level of 0.05 and consists
of all the other properties according to the standard of the load-bearing bricks. The soil cement block
that uses sandy loam which has no plastic limit properties, showed crack failures after press processed.
The sample was improved using 5 percent natural latex then the property of the enhanced soil cement
block showed improved properties and physical characteristics, there was no more crack failure and
the product consisted of all the required characteristics of non-load baring bricks. The analysis of the
results from this research indicated that the mechanical properties of soil cement blocks were improved
with added natural latex at 5 percent, it has statistically significant higher compression strength. The
natural latex was also acted as the binding agent which enabled the soil cement block to be press
processed without cracks. This was clearly evident for cases where the soil were well graded mixture,
especially for sandy loam. However, the properties of soil cement blocks were primarily dependent on

the type of soil and the volume of cement used in the production process.

Keyword: Soil Cement Block, Natural Latex, Construction Material, Laterite, Sandy Loam
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Physical Property Results
Total Solids Content % 61.50 Min
Dry Rubber Content % 60.00 Min
Non-Rubber Content % 2.00 Max
Ammonia Content (on total weight) % 0.65-0.75
pH Value 11.00 Max
KOH Number 0.85 Max
Volatile Fatty Acid Number 0.05 Max
M.ST. @ 55% TS., Sec. 650 Min
Specific Gravity at 25° C 0.94 Min
Magnesium Content (on solids), ppm 60.00 Max
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lunszuiunsvenssey faulussuuodienledtudiefiufinsununildosnsdedyanalumieies
snlunailndisstuasiinnssuiuty Jymmsvutuswdindauddyedrann Wewndmaiosan
UszAeildlumsszyinu nslindsnuveauiinlunisdndedeats vionsldauuiinvivostesdany o
mAeatuiihaueaunsadamanslmiiieldlumsinssiaussaugnsvinuvesdanesiusesumsvuiu
dmsuszuvensienlefdasznaudie ¢ Sane3Tiufe ademneslaguuulSuruamsuld adenerlaguuuusu
vuwawsuaziulalldadenls danesiunsuuuuSuruamsuls uardanesrunsuuuuSurunamsuwaz sl
Idadenld anuanisnaaeunuitdane3iuvsuuvusvrinamsuwaziulildadenlavglivszdniningsan

whiiu 0.52 Wedlufinfiianissuiuluszuudiuau 100 win
AdAgy: o15tenled Sane3fiusiesunisyu adenezlag Inslnesanuuusudle

ABSTRACT
In the process of identification in RFID systems, a number of tags were required to send signals
to nearby readers, a collision would occur. It is very important because it affects the access delay in
identification, power consumption of tags, or bandwidth utilization. In this research, we present a novel
mathematical models for the performance analysis of tag anti-collision algorithms for RFID systems,
including AF-SA, AFS-SA, TA-AF and TA-AFSS. From the experimental results we found that the TA-AFSS
algorithm provides the highest efficiency as 0.52 for the number of 100 collided tags in the system.

Keyword: RFID, anti-collision algorithm, slotted aloha, adaptive protocol.
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1. unih
915tlef [1] (Radio Frequency Identification:
RFID) Aowmaluladsyyinudaludfuuuliduda
anusasvusnuvasingumunglaegednluifiniy
n1sdeansdeyauuuaninia (Full-duplex) Tagld
é’fyr:g’lmﬂ?iuﬁwqLLUUﬂﬁzmﬂunﬂﬁﬂma (Omni-
directional) Faanunsavirnuldeensazain anAes
wagsIasy unuiinzdedldnistunieanduiing e
uywdfionaindefianainldirouasfairauly
dunndeuidunseld Yagtuldininineunallas
RFID 111991u08194WIRaTe 19U NTZUIUNITNER
szuuAdsduan ladafind szuusnwinnulasadiy
FEUUIMTIANTITNT T DITUUNMITANTITAIGY T
avninaluladssydnunuulfaevindun gy
M381UV15lAA (Barcode) #iaA107131AR (QR- code)
fiondemdudurisadisossuddyyalunuidunse
mnfidsAnvnanuatagllannsadeansiaiule
Tnevialuszuu RFID Usznaulusie 3 @rundn
fain30981u (Reader 3o Interrogator) WANYU3e
n31uavoulnes (Tag #3e Transponder) Hanwag
Juaanu3edufidvuiadnuazszuuuinisdanis
(Management system) [1] ﬁqLLamﬂugﬂﬁ 1 Handes
srunazuiinazigunsalanemimegsinilugagnly
dmsusunavdsdyan lnsuinazgniansetladly
Tutngiidioamssiudoya antuedossuassu
wazanelouteyaildsumanuinludessuuuims
JansiftevimsUszananateyasgradudifunia
anudesnsfiwanaafiuvesnisiluldeu lussuy
RFID 909 uiinvzfivaneiavuszniivosnutosdsld
PINA LU THALNULYALN DS (Manchester coding)

o

AITULATOILATANTNTLUFINUTDITINAT IV
fudsldfununeiavusyddvesuintuey Jaguu
@ d o ¥ 1 ] < a
wingniranldarudiulngazidunuuniadn
(Passive tag) Aaufinfilaifosfiunaandsuussgliv

09 kALl I NINAIIUIINLATEID IR Y
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<«— Data —»

(Application) (coil, antenna)

RFID Reader Clock —» Tags
(Interrogator) — Energy —> (Transponders)
A
4
] Computer Coupling element
._

JUN 1 dudsznauiiddguessyuy RFID

1N3UN 2 Tutuneuvesn1sdeanssenitumaTes
' < = )
21ULALLNTDITEUY RFID 1ile9 wndunndiuiu
& ' @ dy v a 1 19
saue 2 windululusatinisunsnszanedyyaves
LA38981U (Interrogation zone of reader) n3oduin
nilseglusalinsdsdyarnveaasosaruuinnimils
LA3899ZLAANITUANLUABUTNIANTNIUYDIF QY QYU
Anudfeiuwarluafeaiu Jadludlaymnsvu
furessininadoya dwalilifuiinlamefianusads
wininavesmuesludunsesouladisa msvuiures
wininadutlgymadrAggannlusyuu RFID [1,2] sz
dawalinmsldndsnuvesinunndu ddesialuns
UsvananauazaUsy e IsdsmansfinnTumae
gslunintiu Ssdwalmiadediialunsiauinaziin

HansynusemainlUUssendldnu

RFID Reader

Interrogation N /

Zone of Reader —» ”//

P

E‘U 2 ﬂuﬂ’ﬁﬁ@ﬁ?iiuﬂiﬂﬂ Lﬂiaﬂ@W‘ULLauLLMﬂ

aetiulunideliiingUssasdinauedanainiy
Muitgymmssuiuesinlaegwdiussdnsninuay
ANNITANRAIANTIAINITATATISRAUTTOUS VO

Fanasiulaeg19siniidmsuszuuesienlad
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guiulaog1aiugn
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2. VQEfuazauITeiingItes
1NN1THUANIUITELAETIUTINTOYAlUDAN
quiistagtufiiusniinddeliiausnsinaea e
uAtdgminisvuduluszuu RFID wuuliane e
wuseanlidu 2 nqundnde InsinasauiUeyminig
Yuiureuin (Tag anti-collision protocols) wagdn
nquAelnsinaeauityminisvuiuvesaisssiu
(Reader anti-collision protocols) [1-4] &sluaide
atvilaulanguiliausinslnaoaudilyminisvuiu
voeuin esaniludymiidniiniuldilude

a=x oo

iluldauass danesfiuntnausludagiuazende

o 1

waluladnisitnfagesdygyrutuunielal (Time
Division Multiple Access: TOMA) tflaa1nifuisnis
infeesdyarafifanududeutos lnaisnauise
wiseanleilu 2 nquie dane3fin ALOHA-based
[5]-[7] uazdanesiiu Tree-based [8]-[11]
wuaAnfiugIuTesdanasfiu ALOHA-based o
nMsulsasateenifulnsiadeniielviuiinurazin
anunsndearsiuniessuldluusazusazadonlne
l49anesyiunisusuArautnazidu (Probability
anti-collision algorithms) F9918anlan1anisvuiu
vosufininaasld unufiazoygaliuiinudagzi
ansafndefuiaiessuiifiegindeaiualiagng
BaszdszdmalimAnnsruiutesinn dedanesiiu

v

Harusawauisielddeuwaviluuszendiiossy

Finuveakindturuiilanle dedudanasiy
ALOHA-based Fagnirluldausgisunsvaiaiiie

wAdgynan1syuiud1niuszuy RAD A20819

o

5ana%ﬁﬂuﬂ6juﬁﬁaﬂmmua [51-[7] 14U ALOHA,

Y

Slotted ALOHA, Frame Slotted ALOHA (FSA) tay

Dynamic Frame Slotted ALOHA (DFSA) 8ana3iiu

nauilonvaziindymadurwinldaunsefnsneiu
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m'%'mém"lﬁl,aa%éqﬂfymmé'}ﬁf«mﬁmﬂﬂﬂﬁumm
$runuuiiniiunniu dauﬁﬂmjuwﬁdﬁa daneoIu
Tree-based agi1nunA1A1 uU1I9zLTun167
( Deterministic anti- collision algorithms) Tagns
Uszendldndnaiuduguazainuuiueu (Duality
and certainty principle) iiawAdgnin1ssuiues
wiinlagnisuvsnenuiinfiinnisvuiuesnidungs
dovsieilosiuluisenq aunseiaudinnndladsunis
spyfmuduia fsderdutedideisufusanesiiu
ALOHA-based drudedeosfofinismuiufidudou
wagldinaUszananauiunit Insanzegneds dedl
wiinduruninegluiaiinisdearsvesiadesiy
feehsdanaifivlunguil (81-111] 19y Binary Tree
(BT), Modified Binary Tree (MBT), Query Tree (QT)
way Optimal Query Tracking Tree (OQTT)

2.1 Slotted ALOHA (SA)

Sane3iiu A Wudane3fiuusndildSunsiamn
#o91n ALOHA lngaglia1ideainisa (Throughput)
WisRunia 2 Wi Tuszuu RFD Wefiansandng
wdoseunilaeiosuasiiviinduunisegluming
dedyaausemrinafulaglddesdyaradeassaudu
Fagninassnandulniaden (Timeslot) Afvurn
Enq S1ununil Ingeygaliuiinaunsodadinng
Foyaldfidumisiuvosudazadoniidy @
5¥UU ALOHA agaygnbiuiindsuiininnuesnule
it dewaliianisvulssadansizlusenineds
wininavesuiinusazsmniinsdsdound e fuus
Wisadnies 3ot ufarfiansanininnisvuiy
viui) luvaeiniossuagsimifiaauaudiuiu
adonuazdnassvendunisdeansiuwiinlugaam
fis1finveudaraden ndsaniiadoeudasids
nszawenty Welnsfinuiiuinlasudayaaiavds
mnewulsEfivemueeanufiduviasudiuves
adon SfliReAuiinfieinouauss in3esgufiae

annsnsTyRmTeintulid159 (Success) wavin



MIFEANFIAINTTUANENS UWNINYIRLATUASUNTILSA

UM 16 aUUN 1 1HoU UNTIAY — LUWI8Y W.A. 2564

fluvindaus 2 Fduluddyanaeenumieniussin
MsTURTY (Collision) denaliiiasasenulalamisa
srumnuratuinlaliias Fafuuiiniifnnsvuiy
Hmesdsusuduindetiurioseiusluideny §a
szfedindsnuuarnandsyidunsussinananniy
ﬂzymﬁﬁwémmumﬁu defiduuuiinuniy
wonanvunda lunsdlfildfiufinlaaededayain
nfuLe3oseuaziinadoning (idle) Feaziduns
delonalunsdsoya

2.2 Frame Slotted ALOHA (FSA)

YOUNNTDIMANVBIDAND3TN SA AaUssansnw
mMsvhuazanann Wesiuuudnlussuuiisty
Tonmalunisvufufasuniuauldae danesi
Frame Slotted ALOHA (FSA) ?jdgﬂﬁ%aumﬁmm‘uuz
Pl Tnetwusliufinusiazsagldueuanaliids
Foyaldifssnsafonrinduluuiasne (6] (lunds
wsuUszneuseadonsunumildalisununsd) wie
anlondlunissuas Seauisaifina3ideainnse
(Throughput) vasszuuls

mﬂgﬂ‘ﬁ 3 LARTUMDUNISYINUYR IS ANe3 T
FsA Tunlaisudl 3 aden luvasfidufinfiinniswu
fusudufe A, B, ., E ileRansanwisuusnasiifios
wiin C winuiidsdige LLﬁﬂﬁLuﬁaﬁwm%dmﬁaﬂ
adonsnaddumisudaly Fdluinfidwinnndisede
E luvausfiudin A B uay D fapsruiueg NTuLin
ﬁmﬁaagiﬁ]wﬁ’nLﬁumu%’umamﬁuﬁau%ﬂiﬂﬁ'aaﬂ
Junszilsdansud 4 winynfaunsadauiinnmle
d59 mnﬁaashaﬁ%Lﬁudﬂu%umaummﬁﬂzym
AsTufuYeIufinianundsruuazdesldiianly
Vanuawiiu 12 aden Tuswaudasiinadening

avausiuiniu 3 aden

Frame# 1 2 3 4

Slot# 1 2 3 1 2 3 1 2 3 1 2 3

Tag# AD | BE C [ABD| E B,D D B

ABCDE ABDE ABD B.D Auan

JUN 3 A9 19MIVINUYeITANe Y FSA
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2.3 Dynamic Frame Slotted ALOHA (DFSA)

JaduSeunNuanveswwanasyiy FSA Alnavily

o 3

wsosauaglinswT N Weannnnnsuagd

&

ANNEI BT Uns el s uiuadenlunsasiisumai

@

FuluFadadaymitdde 2 wmsaife 1. Weduau
afenluusevisiiosnidiuiuudindifiegun dnfy
pnvztinnsyuiulunavadonvesnsy diwal
wdpseniliansnszysmildfidussesnanu ua
2. floduuadenvounsudAunnninsuauuinia
otjaziRnadeninesiuaunn femndadatingde
Uauadanasfiu Dynamic Frame Slotted ALOHA
(DFSA) taufdamdsnan Tneusuifundndiiiaue
Aonuenvonsuaztdsuuladlunusiuiuudin

a

J2uAUlHIS N5 USRS wNLANT ATl A udn

5y

2819170 WEITNSUSTINUI AN LT Sana STy

=) 2

[J |
uuaduinnsgu

n5U7 4 Lilel¥dane3iiu DFSA Tunsuddaym
As¥u Wadluiin A, B, ..., E luwlsuwsnazldvuig 5
adon Favinusnuwiniinnsuiy Inewmdedn
2 wiinfidadaladdnsa andulusud 2 agldnlsu

< M 1w | fo & e v &

un 2 @den i lddensdsladdnSaduiy aatuly
wsud 3 Agldsuaunn 2 aden Wwuiuwazvdals
dnsaluiige lngldvanluismuawingu 9 aden uay
Tusuutiaviinadanineasauyiniu 2 aden f94
dnnuadestunsuitdaymnmssuiesnindiegalugy

7 3 YN UTINTIA AN STUS LRI

Frame# 1 2 3
Slot# 1 2 3 [ 5 1 2 1 2

Tag# E| c|BD| A |8BD B | D

AB,C,D,E BD BD Fuan

JUT 4 f18819M5v9UveTaNe3N DFSA

2.4  Binary tree algorithm (BTA)
MUNSNNITNUFIUTRITAN a3 NNAULY 1aIa1NT
AnnssuiuveaLintuazidignszuiunsuidym

N5YU wnduq Aldineadesiunisvuaziosse
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unszsdgmnisvutulasunisuily Susuazius

2 aa ] & oA =
winiansunvaaeendy 2 naude 0 way 1 @9
sxfarsananmneavUsedifuiniiazdn lnengu
39 0 2zl9sun1sNasanauaus TuvaeAuinly

I a v o &

naudn 1 azdesseaunsewinnndllungude 0

q

o <@ a A @

d5a @flsainifenddoyaluadeniv) vng

[
v a a [ 1

AssTinnIsyuiuazLUmenuiineaniu 2 ngu
Wuliundauduiarsundaluaiaudald nsyuau
duilazaudiluidesy aunseiaufinnialdsunis
FEYAIRUA S

ﬁ]’mgﬂﬁ 5 LEAIRIDE19NITIINUYBI0aNaS TN
BTA lefludiniiAnnissutusudude A B, . E g
szSunAtgmnisvulungude 0 msihefleneu
anolunuidnadrefusinvesdulsl aunssiiudin
wanthudsuininaladige mniuswidamnisoy
salulunguin 1 mﬂgﬂﬁwﬁl%naﬂumﬂﬁﬂ@m
mswuiuldivan 12 aden Ineilageninesiuau 2
adeon dmSuuiinfiinnisvuiusiuau 5 witn @
wansliiudnanuannsuAtemnssuiuve sudin
Aaedanesiiy Tree-based AzdiUssansaInganin
dane39iu ALOHA-based Lﬁaq«’\nﬂﬁ%'mil,t,ﬂm.l,aﬂﬂeju
sz lilenalunisvuiuresuinanaedesinisa
Tuvauziisane3fiu ALOHA based azthudinfiinnis
sufiunmeliinAetuisuwniduadenlavo sy
5@1mﬁﬁ]xé}'mﬁwmi?jmﬁaﬂaﬁamLﬁaaimﬁﬂmmslu
wisuinluiawe Fsilomadululfgeiuiinunasions

Tdnanuunifieglasunisszydimudisa

O Collision

SUN 5 $19819n159N9UVRI0aNes il BTA

Y

. Success O Idle slot
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2.5 Adaptive Tree algorithm (ATA)

dane3iiu Adaptive Tree algorithm (ATA) auidu
Sanesfiufignitmunliiiussansnmgatuain Tree-
based a7l TnsendounAnnisusumnaimsigy
lusane3iiu ALOHA-based fuidadunsienden
YosaafianulmennduuazmATAnIsUTUTLA
volsuldies dwalildnarlumsssudmutiosadiu
Yugiisuuadenfiisnumnyantusauwing
widvogluvagiudie Fedunounisudtymman
Tneldimailaduilazdosendosanes uflaunsa
Uszanadauuinlieg gnieuazsings

93U 6 uanadegamsvinuvessanei
ATA deflwfinfiAenisvutusdudusiuiu 5 uwin e
AB, .. E LLaslﬁu,amwmaLamﬁwﬁuaﬁamﬁgﬂw
witdymnissusuvesiindielfanunsauieuiiey
wazidilanalnmsiauldieddy Suduainns

| I < Y 1 @ o & aa
wlaugneanidu 5 aden Tivindudnuiuunniey
Tusauusniluiin B a1w1saduidenadeniiiods

< Yo P o o
winnaladse Tuvueuin A uay E §ansduidon
leaaonfedfiu FuANNISTUAUTUDN FetiuT9fas
wiswennguiieuddayminisyudailioluises
o o & A & A a <
AUNTENES Tuvaeiuin C waz D Wainnisyun
LADITBLIAMATABRUNTLYURBINY 1NABE19T
agldanlunsuidgmmsvuiuveswiniianun 11

adon wariladaning 3 aden F9RNIN9anasiy BTA

ANESGDNS

O Collision Q ldle slot

. Success
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3. Asmeaiuauivg

Mneddeluedn [5-11] indeumatianisusu
UL suLeale (Adaptive frame size) Lazinada
nstrulaldauaden (Skipping slotted) uldiiie
Ufuussuszansamnishauvesdaneifiuligedu
ﬁgdiumdu ALOHA-based way Tree-based ﬁ?&lmqﬁ
w3dliiausannisadinaiandifieldiase v
AUsTOULVRIDANDSTUADA UM SV UVDIUANTY
5¥UU RFID $1u2u 4 dane3fin Feusenoudae 1.
Adaptive Frame Slotted Aloha (AF-SA) 2. Adaptive
Frame and Skipping Slotted Aloha (AFS-SA) 3. Tree
algorithm with Adaptive Frame (TA-AF) wag 4.Tree
algorithm with Adaptive Frame and Skipping
Slotted (TA-AFSS) ngldauufigiuiniaiossu
annsavszinaswuwinifoglutlagtuldlussu
aden esandnuddesivauunnditiaueisnng
Uszanausunuuiinfidanuudugy [12-16] Tagende

[ 3 ] @
ﬂ’]ﬁﬂigﬂﬁaﬂ\laﬂqEJ‘VTEN"O’]ﬂLLV]ﬂWEHEHlIﬁQLLWﬂLﬂV’]iU

= P I

faumsosauiiomuinmInuwiniivioagluus

a

avlsuvdeluudazaden suiusanesiiuiiiausly
#uiseiseaunsaannisldeuadonadldogag
Aty wazdwaliwiinlasunisssydnulasimsa
Batu

a 4

TusuidedaruanadunsAmAAIansSd1usu

'
a o

AATIaNsIaurvesdaneiumiausluguves
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F1UIUAE A LAULRALNADINTITTLUFIN UYL

]

v
o

avuA N uiin (Average number of required slots,

'
- =2

L,) Fernilannsahludssfiunaiussiwesssuy
asldndsaulunisdeans uieusuianislduuus
Invivetosdayyu dwsuuiinfiinmswuiuiomn
$1uau N uiin (nefl N22) uazlumilawsuazdisuu
M adon ilesainisnauesanesfiufiuuauin
wsuvadlduldidumaiaiugiu Fiduiedos
nualrsnuiuadenlunfazlsuwinfusiuiuwin
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3.1 Adaptive Frame Slotted Aloha (AF-SA)

danesfiy AF-SA azlduannsuLfsIfunuive
39 fildinausudiAonsusuruamsuausuI
winfAnn1svuiu lngiadess1uaLa1u15ansu
Sruuufinfivdesgndannuszinanadioduagaluus
azlsulnelilaulainsinnssuiuiiagenla faty
Aeusudunsuitymnsvuiuveaudinluusazinsy
idessuazsmuaswIuadenlundazlsulviian
whﬁ’m‘]"m’guuﬁm7'iLﬁmmwuﬁ’umm%aagﬂuﬂﬁlf\;ﬁ’u
aunszauiinynildfunissrydanudiiia lne
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3.3 Tree algorithm with Adaptive Frame
(TA-AF)
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ABSTRACT
This research presents the controller design of LEDs intensity using the adaptive TABU search.
The aim of the research is the control the LEDs intensity within the response as fast as possible. The
mathematical model of the proposed system derived from the generalized state — space averaging
technique was used as the objective function for the adaptive TABU search algorithm. The results

show that the LEDs intensity response is better than the response using the controller designed by



MFANFIFAINTTUANEARNS UWNINYIRYATUASUNTILIA

a

U7 16 aUUN 1 HDU UNTIAN — LUWI8U W.A. 2564

27

the conventional method. Moreover, the simulation and experimental results were used to validate

the efficiency of the proposed controller design algorithm.

Keyword: Controller Design, Intensity, LEDs, Tabu Search.
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lalomiuasuas (Light-emitting diodes , LEDs)
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Uagiunasaueads Fsgnuszandldiduunaaduile
waaienlunisinzugnitveiinsnee usegnelsiny
fourazaiaiinudosnsuasiiuansiety fafude
Gonlduaniiaufiinnuenadu wazauduuasd
winzaufuiinudazedn Wislifivaunsodaasig
uas waztasgivlalalndiAssiuniusssue@ [1]
W nsliuasweadd uaaih (3:1) finnnuduuas
350 umol/m%/s uran 16 $alue/Su fuamse
alusaun (Spirulina platensis) dsualiainsneg
w%fgLﬁvimlﬁﬁﬂ’j’mﬁLg&JﬂuLLaquIaLiaLsuufﬁ [2]
MsltuaIneads duns (6500K) : @M1 (3000 K) (1:1)
fiannuduuas 150 pmol/m?/s dsnalisufiyiie
Wug Purple 18031N15FWATIERUAT LALNIT
WigAulnfinAuTivgnouasslaidediuding
Wuuas 200 pmol/m?/s [3] uenanideinag

v

Uszyndlduas LED Tudnsdausineeitonseauliiiie

q

=

nAnanshdeInsiudy Wy mslvuaweads duns:
i1 (3:1) fimanduuas 215 pmol/m?/s fudu
T5enn ddmalraulnsenilassingn wagnnsg
wigAvle Sudnsduasziliuiuasuszneu

dursdszivedne (volatiles) laanitnslouasdune:d

#1 Asmsrdau 1:2 1:1 2:1 wag 4:1 [4] A1sugn

NNNAREUUALMBSLIALALLSALEAINYaDR LA DA
AANULTLLES 298.98 umol/m?/s [Wauu 12 42lus

Tinsasgduledniivewaealingeeisaigud [5]

1
o =

Wudu deatiunuisetdavinis@nuinisesniuusi
AIVANAIUTULAIYDIULDADA AIUAIUADINITVDY
gldu Aerasseansyualuiifunduwuuuind

UAZNATNITOIFYYIUAT NLTDNRDAUIATUUBINY

o w =

Adalwdnwuudan Allvanrasnwoads $93999
wlasuidsludwuudad Wureasddnnseindd
anuanldeuegaunsvaty drulngaziinuuiiass

yaadinmansiuegiuim (time-varying model)
ilosnnavesgunsalaindluaes Wethuneenuuy
MAUANMTEIATIERadesN N AERRANEEIN
wazdudou Fsdewihliuvusiaesiitueguian
Duwvudraesitlituegiuiia (time-invariant
model) IngldiSAadsusnianuzyily (6] 19u33
f1e6an1sMIUUUTIaeIMNIAdlnAIANT Y0990

LUAIRUAIAY AIT U UITETIUNAUDNITAS

LLU‘U’iT’]aENVﬂJﬂﬂj@lﬂ’]ﬁ@l%ﬂ@ﬂ?ﬂﬂﬁﬁ&]ﬂﬂﬁ%LLE‘ﬂ.‘V\I'W’]

FUPAULUIUUSAY uazaasnTesdya i Aideuse
Fursasulasiuidslniiwuudad Aflnandu
LUUS1aenTNduvoweada [7-10] Fe9zin
wuuraesindamansiisiaueauluibuilsidy
Trguszasddmiun1soanhuufIAIuANAI8IENTS
ﬁu%%wumy@mﬂ%vﬁ? (adaptive tabu search:
ATS) Amsninasildannniseanuuudaeds ATS
[11-12] Ju 2vdwariilfinanisnovauetvns
wssulii o weSaussousfunniudedisuiy
nseeNuUUAEIRuUUR LAY Feussdulaiiiieding

PUTANUFUNUSAUANULUULAIVDIVADALDADH NS
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nsaTanasinlalaenisldiniosdionsiadiauas
UINTFIUAD LATDIIALAS (Lux meter) nanegulay

a o

vanpUsTMinanTufianansatanuduvesnisdes
21191 Waus 0-20,000 Lux LaAMANYUTVDY
wieatanasdendulunuunsgiu CIE 1931 vos
AMENITUNITTLNINNUITENATIIAILAINUEBIAT
(International Commission on lllumination) %5 ®
ISO/CIE 10527 “3aLfigutyin 31N 1RUARING1ITN
Thadesdiotnuasdulvgindrandsuseinea uagd
Age AafuenAfeiiajatunsiauieiosdiodn
Anudesaindlasldimaiinnsiainanudesaingwes
waslaeldluga GY-302 (Ambient Light Sensor
Module) Wusmugesunasneluiaiafiatily
Uszunanilglulasmeulnsatasnsidlunisinuay
Wisulsuaudesainmiensadunsisundas
voaSunauas Insniosinfiwauntuannsansiate
ANNdIEINInLnaIn L dauas lnglrlaninanis
TAUUNLNe LCD YUIR 16X2 AI9nES Ward1usu
nsUsztanavzinisiivdeyanasuszaianalag
dululasmaulnsamessu MEGA2560 [13-14] of
voundesilefiusrAvsiuie 1Heudte azaan
Yaondy $186an15013935n91 saudadunisin
wieluladfifleganiimulifnusslonigan oy

nsaansiidwesdumAnA1ssEInATaisAge

i in

—Vin 7
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ns¥aarnunuinduvesuadluvmzifaiings
duasisiuastnsmziFon Photosynthetic Photon
Flux Density (PPFD) fviaatlu pmol/m?/s Fevinlw
uidediiunismanuduiugssnindunie
Lux el wagluming umol/m?/s mneiiy wiou
Vlzqmewamﬁf{]”laaqamumﬁfﬁmﬁmu@ummﬁu
WASUUABNTIADS LAZHANITABUAUBIIINYA

NAFDUAIY

2. szuulnRNnasen
295NlgmIUANAIITNLEBIaEA L HLEA DA
wandlaraguin 1 eusenauiie wiasdeusasulnin

nszuaadu (v, ) 220 v, a@iedsnasilesd (R

rms eq Leq’
C,) Wasseanszualvifunduluuuied Lavaaes
NIIFYYIUAT (R, L,, C) NiusaiuIasivasiy

o w

faslniuuudad 2, ©) Aflnandunuusiasads
Furoaeadi wagmuauaTiduLas () Aduiu
WIIRULDIANG LASNTELALDIANA (i) AIEfIAIUAY
ﬁiaamﬁaﬁmffumumaLﬂmLLamﬁﬂgﬂﬁ 2 lngayly
3%951%Laﬁiaﬂ%qﬁamwﬂl’ﬂﬂiumwwLLUUfSWammq
adinaans vlvlduuudiaosdilituegfuna @
RDNT0BNKUUAIAIUANTLELAETTNSAUMILUY

MULTIUTUAN

PI Controller

JUN 1 3935mUANANNITNLATIRAN SO
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@

JUN 2 snuauiiledasiilsesiuluuaaan

o

Undeyyrumlunu d (Control signal) 41

o

duuruauinasy (Sawtooth

(e

WSeuLneunu

compare signal) Wiadaludyayruiduidagon

(PWM) Tnefinnuduiussyning d uay d (Huly
anuaNnnsT (1) fail
PR (1)
A,

We d dyqaumsaiunu

d" Arigdnsmshnuvesaing

A, AEOAYDIRY QI UENNEY

mﬂgﬂﬁ 2 A1 HUANNITVRIAIAIUANUUY
filelieglusuves d° LARIRIENNIT (2) way
fvuali x, waz x, \Wuduusaaiuzuesgunis
ﬂ’m@uLLiqﬁuvLWﬁ’lLLaxqﬂmﬁquuﬂiw,alﬂ/\lﬂ’] oS,

AUN15N (3) kay (4) puaInu

d=-K i -K, Kv,+K K x+Kx+K K v(2)

pi o piTtv

X, ==v, +v, (3)
x ==, -K,v,+K x, +K v, @)
e K, K, @ msiimeivesiiniunuuui
K, K,  amsdwesvesimuauwuule

X, , X, NN UABULURIITOUNTE LA

WAZWIIUTDINDTLUSHULUUTAA

v wsssulnie 1 nAreIaRTL U

wuuUAn

v wsssulniedne i
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3. LLUU’\?’]aEN‘VIW\‘iﬂiﬁﬁﬂﬂﬁﬂ%%ﬂﬂi%ﬂﬂﬂ?ﬂ@u

aa

AU ULEIVDINADALDAD A
N1SNIUUUTIA0IN AL AAIERTUDIFIAIUAY

AMUUULAIYDINABALDABA AIEITANRRLUTYT

aa o

do1ugill lnenaonuoaddlldgyanvaluay

'
=]

wuuaeuBudy uanslaagun 3

anode

idcl *
-

‘:"‘-/ ! Ve V,

R
cathode -

U7l 3 ddnuaiuaziuuitaeadaduvesoads

INLUUIIADWTIAUVDILDADH A1UITOTEU

aAUNSlARaENN1SN (5)
v, =V, +i, R (5)

e v, ussulnihvesvasnleadi
i, nazualnihilvacunaonueads
R FFUNIUIDINADALDADA

y ad 1

310015N qa A38738 WLaﬁaﬁqﬁamuzﬁﬂﬂ
switched model d@7uUsan1uy 8 61 A il, v
i i,V,.X, LLasxiﬁmimnawwdauﬂssﬂau

f f‘) 0°70°
yagululaussiuliinnssuaadu wavazfisausiu

nswivauludawsssuladinszuanse vaululuua
ASEWAVABIALARYIUADLEDY (CCM) A9 UNS

AMNUAFILUSAANVDILUUINADITUNGFDLNEY 10 A

De
=De

Wek=1 i =x t)x,

V. :x3+Jx4
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i = i =x
W k=0 r 5
v =X
f 6
I =X
o 7
vV =X
o 8
X =X
Y 9
x:
i 10

XX 5 XX L X LX X XXX A ALY T
A0IULVBILUUTIADY GSSA A@NLNTATEULUUIIABY
naadaa1ans luglvesuudiassituusaniue

LEAIAIELNITN (6)

R
._ eq
X, = -L—xl +C€)x2 -L—x3
eq eq
R
L eq 1 1
X = -Wx X X v
2 1 L 2 L 4 M
eq eq eq
L]
3= X +C()x4
eq
= L et
X,— — X5~ X,
4 c 2 3 7IC 5
eq eq
R,
x.: - 4 X -—fx -Lx
5 4 5 6
JTL L, L
eq f f
o 1 n Kpi . vaKpi Kivai
X, — —X X_X, X=X,
6 5 77 778 779
Cf Arcf Arcf Arcf
%
I(ll vaKino
X, X.
710 7
A€ A
= sl X X KKy X KoK X X
7 4L 6Ty 68 60
r r r
t K” X% 10 t KWKPiva 1)68
AL AL L
r r
S N S
Xg = —Xq——Xq +—V
8 c 7 RC 8 RC dc
Y _ %k
X9 = -xg +vo
[ )
X0 = ~x7-K  xg +Kivx9 +vav0 (6)
Bk v AL IIUGIFAVRIUNAITNY

) ﬂ"lmmﬁL%qymam.ménﬁiwlvdﬁw
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4. N1999NUUUAIAAUANNIBAIENITAUNILUY
AYLBIUTUA (ATS)

4.1  MTAUNMUUN YU

nsfumuuumydsusuiududaneifudign
fimu1tuaIndanadiunisfuniuuuniy (Tabu
Search: TS) f#¥mguszasdilovsuussuszansamly
nsfumdmeuliRbeiu Sanefiudlifautulng
NBINU 8135nY wavas1yal 43nas lwl w.a. 2545
(K-N. Areerak and S. Sujitjorn, 2002) Iaglavinns
i 2 nalndlUlumsfumiuunysssum fe ms
WUdouses (Back tracking) hagn1sususaiinag
unm (Adaptive radius) nalnnsifugousestuly
uidgmamiunisinegludneuiiutuiaay
gy (Local optimum) d1wiunalnnisuiusad
n13AunT AgsinisuTvandalluseninanisaun
sunseiansdundilndneuiiaian Sanediiu
n1sFuRILUY ATS gnadistulusuuuulusunsy

ABUNIADTNNMANNTYINNURARIAIFUN 3 sl

™ - .
o initial solution

o o
neighbor

o

YOULIAM SAUM

JUN 4 M3dumAmeausieg ATS

9N3UN 4 awnsadeududunesuresdanesiiu

mMsaumbasadl

unauil 1 1UsunsueitnisduAmeususu (Initial

=

solution) slunsditde K, K, K, uag K,

AuIuIUNfrualIn1eluraulInAunT Wena

Amauianaaundudinouisuiu (5) lnefinig
U5z luAmauIans o bl tuNansunanAfan U

Tguszasd (W) Fe318azi8env0an15Usviium
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Hanfuinguszasadmiunisesniuudiniuauilag

o v

wansluaded 4.2 dAmdunsrurunishuniay
Anuals Sy, Ao ﬁmavﬁﬁﬁqmmmﬁﬁuwﬂum
soufiiuin fuidluseuusnifZeimuald S, fien
Wiy S,

v '
o =

Juseudl 2 1h S, wilfidusunsguinanaiiol g
mnauluusnalndifies (Neishbour) ArusIuIuil
Amuald lngn1sguazegnieludaiinisdund
(Radius) Mnturidmeuiinfigavesnisduluuiinm
TnawAss () undssuiiisuiu S, lasussidiuain

o

Al duingUszasd auteuladie a1 S dnanis
Usgidunanin S, W S, =S fwutiuuar i
St =Sy UBNINUTN5US VAR STAT N1TAURA
mnwuAmeuieglunaeifiimun dan1susuansad

Wulumuaumsi (7)

Radius(old)
DF

(7

Radius(new) =

\ila DF Ag ons1Usuansadl

v '
o =

funeuit 3 Aflunissrmutuneuit 2 Tnewdeu
i S, Wy S wazdndunsmutunouiis lng
Waswan S iy S,

fumaud 4 duflun1se autuneuil 3 Inefinas
Wasuwlasan S, Ju S, wavshsnldauasu
$auseUNMsAuM (Round) fismunls Fadmeuly
sovgavnefmualidu S, uaslunsdiinisumlsl
wufnouiintu nalnnnAudeusesazgniunld
1nedinTzuIun1s A TINNITAUMIAINDUNUINENT
Ussifluenitvinli S, =S, fndefunsumusiui
b iitvuald 1 S, fawidu S, fegrenisiiu
fousosuanidisgui 4 Werdmuals b iy 2 ez
wuindeeu S den ity 0.3 Fadusunisves

S U290 9 ntuAumAIney S, ladn w
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13
Y v o o

Wiy 0.4 fefumneu S Sersiinanisusuifiud
Andn S, Femunld S, =S, antusndunis
dumdinau S, lden wwiafu 0.35 Fadenaduy
fmauiiugnin S Semunld S, =S, \Juaded
2 fndtertu Fsasunusuauiidmualy nalnnisidu
fousesiaFuvhau Tasusuliidnou S, ndulueg

Aeunusves S temaneuluiianisaulnl

YDULUANTITAUNN

JUN 5 MIlAudousesvaensAUMAINBUNIY ATS

v
o

Junaudl 5 WoAsusIuIuseuNITAUM AIRBUTIA

Viqm w38 Sy dgnanduminourenssuiunis

AU %ﬂﬁadw?:uqﬂﬂismumi
YenaNiganesiiuves ATS aviinisines

dmsunisAunimuizaufussuunsazseiia 61

donldnisfiwesimunzaufuszuuasgiediy

Uszansanlunisdumdineudaiu dmnsimes

Fananiswazidendal

- Initial number neighbour A f\i”lmumwjuﬁwmau

Gusulumsum Tagegneluveuwniidivunl’

- Round fia SwruseulunmsAumAIney

- Number neighbour fia 91uaun15duA1naUluLe

azsouMIAUM Inenmsduazegniglusaiinisdum

- Radius fia $ANNITAUNIAINDUTBUIAAINDULAY

TneflanJuesidudvosrouiunnisAumm

- DF fia $ns1uSuansadiflonumneuniuinai

Muus Laed DF > 1
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4.2 FBmsAunuuusuY

nseankuummIuANilevesgunsrualiiuay
Q'ULLiqé’uvLWﬁ’lﬁﬁiaﬁ&mﬁuLLUU AERR (K, K,
K, K, Fre3nsuuuaniy [HuiiTdunaunis
gonuuuielidudounasinisnanovauesiia 3
aunsvesiamUANdNa1IET uegfuntsdines
VOITTUULAZAIMIIANTIOULYBIFIAIUAL FD
9931d2UAINMUIN (Damping ratio: ¢ ) kag AW
141940 (Bandwidth: @,) Inefl @, As A21wd
TITTUYIRAVOIHIAIU A Y
nszualiiln waz @, Ao ArrudsssuviRvesds
AIUANLTIAULITN Amualidenldanisdmes
¢ =08, @, =175 rad/s waz @, = 3500 rad/s

AadunsIinesvesdiniuAuiile sviian

K,=00116, K,=6738, K,=421 uay
K, = 9208.6
4.3 IBMIAUNMVURIYTIUTUA
N1590NLUUAIAIUANT LOMIEMI BN SAUNILUY
a U £ @ 66) ¥V a v
AIYLTIUIUR L‘Uumiﬂizqﬂmimaaﬂaimumiﬂum
WUUMUBIUSUR Wiedummslnesvasdimiuny

Milinan1sneuausIveLI Ul ANATaNTIOULR

'
=

1an 22A8991ABLUUTIA0IMNANAAIANTUDITIUY
Wdwsuduilaiduinguszasiuaaniseanuuuda
AIVAN NIFAUMIAINITTNRSAIEITAYLTIUSUR

Eﬂ’]lﬂiﬂﬁﬁLﬁ‘Uﬂ’]im’lﬂJLLNUﬂWWUéBﬂi@@%LLﬂiﬁJﬁQ

Searching parameter
Kpv,Kpi,Kiv,Kii

|

|

|

|

|

| Performance index calculation
| W=f(P.0.,Tr,Ts)
|

|

|

|

|

|

|

Mathematical model of controlled Vo
buck converter (PI Centroller)

= 3 1Y Y aa a Y
JUN 6 vdenlnazwnINSAUMIAIETEMIURUSUN
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91n3U7N 6 UhionlaezunIUNITAUNIIEITAY
WB9USUR AN159BNBUUNISAUNIAINITIALMDS VD

fpuauiile (K,,, K, K, K,) 99NV Uainue

pvo By
Filunshumeamisfimeslunsayseutiu svuuas
ASIABUAY W LAaLILYINITAUNIAUNINRL LA
Amnsimesvesiinunuiile (K, K, ., K, K,) 7
vilvinan1smeuauesfiian videnaidnievilsie i
Taen w ﬁﬁhﬁaaﬁqm

w(T T

Rp.u.”” Sp.u.

,P.O.M.) =oT, +al, +yP.O. (8)
Way o.a, ¥ AANUFUNUSAD
o+aty=1 %)

o P.o. fie mavjaiAutng (overshoot)
T, fe 299813 (rise time)
T, fe 93381417 (settling time)
o.a way 7 WHumdulssansanuduiusves

T, Ty WaE P.O. 980U

v
av Ao '

NUITBUAMUAAIVBY o, hay ¥ bI7 0.34
0.33 4ag 0.33 AMUAIAU TENITAUNIMUUAIYLT
USUMAENEeUALAINITTNesNATIEA Bl le

q

Ardngilandu w dosiign

AUSUVBUANITAUMIAINITITLRDST AN INUA
INALVUAIENITTINIUTBIgUAIUALLSIRU LT

WazQUATUANNTELA T1BYTENINNAMUUATEIINNTT

Y

v ¥
v a

DONLUUAIBITNITUUUALALAT @, = 150 - 400
rad/s wag @, = 1500 - 4500 rad/s AUSIFU 3¢
Avualiel @, Ja1110n41 @, Yszuin
10 111 2 lAVOUIAANUALYBULUAUUTDINT TR S

LEASAIAISI9N 1
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AT 1 VDULIATBIANINTIHNDITVDIFIAIUAY

[@, = 150-400 rad/s wae @), = 1500-4500 rad/s]

. YOULUA
NSRBI ,
UBDULVH AN VDULVRUU
K, 0.0028 0.0908
K, 4.95 35.2
K, 1.8 5.143
K, 1691.73 14062.5

NMSAUNILUUATYLBIUTURIsUsEnauaeY

AMNITITNESTIAATY 4 AT AD TIUIUAINDULTNAY

° °

FIUIUAWNBUTBUDY SATLSUFY karsusuanse

=< 1 a

BsaumayauSudilviilsean

@

AMIMNUANISITLRDSTRatl

FIAINSITLA DS NVUNLAUILAINALINITAUNIA 2

SAMNUINT YU

FIWIUANRNBULSUAUYINAY 10 AmBU

FIUIUAINBUTIULIBVNAU 10 AmaUY

SATSUAWYINNY 5

fuSuansAlvinnu 1.3

PINAITANUANITILADTANN 9 VB98anaIu
nsAunIuUAIyW@sUTudin1elddunaunis

sanuuuthedu dhlusenuuuiimuruilemeisny

WBIUSU LAngbAnInsIan 2

A13199 2 ANISIEeeSEmSURAIAIUANTIoRNIUY

AILIDNITHUUAWAL hay ATS

LQERFEREEN BNTeRnLUY
fATUAY FuvusuAu WATS
K, 0.0116 0.0447
K, 6.738 28.1829
K, 4.21 4.4754
K, 9208.6 1908.1
w 0.0655 0.007391
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5. WAN1S1A09EAIUNTAIUUABNNILADS
MsTassanIunITaiveINITAIUANLTIRU LY
l1wn FevinisiTeuiiisunisesnuuusEninenis
pDNLUUAEIENTUUUR LAY wag ATS Tngldaiils
MNNsRNUUURINIIT 2 lunsdassaniunisal
Tngagsinnisuuluasusefuussiulniiondnn i
dmun (v ) 910 910 53 V Il 57 v Ay
0.2 U ATIVHBUAINYNADIVRIFIAIUANA MU
AuANLsulniedine wasiUSouiisunanis
novaue oIl neildandamuRuts

2 38 Fawanmadiassanunsniuanalanagui 7

58
57 ra —
I
56 1 / === Conventional
] == ATS
< ]
%5 55 1
>° 1
1
54
53
52
0.2 0.25 0.3

time(s)

JUN 7 wan1smavauesuaswsadulniiedne

91n3U7 7 wudmsesnuuuiinuguiie 2 33
tfu awnsnaruauusaulienveINaTLUAY
Funuudardldegiagnae ietamisdimesves
ATS frirunmsnageusteenuuuiimuaudile wuin
M w Snsguindagui 8

-3
746210

744 \
743 \

= |\
7.41 \
A\
\

0 2 4 6 8 10
number of cycle

7.39

U7 8 Msgiinvasen w aaeTs ATS
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6. YANAFIUIIIALITUATHANITNAGRY

6.1 ANUAUNUETENTINAIAIINTULES (Lux)
AuA7 PPFD (umol/m’/s)

ns¥aarmudunasnisielurazifeiinas
Fuasgiuasdimiiedu pmol/m”/s uiwumesily
Tunsmaaeufeluga GY-302 fidvtheidu Lux 39
suflugosiinsuvamiog feafunismanudusiug
szieanudunam i Asndaedu Lux fu
“UY umol/m?/s ey 3xANTUNISHIUNS
naaeulngandoiaasiiotninanians Feuanis

7980anIlARIN1519N 3

f15199 3 ANUFURUSTENINAIANUTULES (Lux)
AiuA1 PPFD (umol/m?/s)

umol/mz/s Lux
80 4380
100 5500
120 6670
140 7640
160 8790

thendldannmsnaaey (113137 2) lomauns
ANUFNRUS wudndlArauduiusae 1 Lux den
WU 0.018 umol/m®/s %38 1 umol/m?/s A1
Winilu 55.56 Lux

6.2 MIATNIANATOY

nsnageuneulusunsudmsualuAuAy
Wanaaedne Aflauduiusiuiuussduli
LN 193953 UUAITURN 1 Fandaninniseonuuy
sudnsdentdgunsalvessyuu Faldganaaeus
MAlusmATouandldfagui 9 Tnemsmaaeudmsu
AIUANAUTULALDIANAVDIINAT ATUANAILAD
muauiilelduesalulasnaulvsaiaas ARDUINO ju
MEGA 2560 Tun1suszuiana wagldluga GY-302

& s v = I3 °
WU UYDIINAINLVNLFITINAUIWLU Y Lux 11017
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Abstract

This paper presents the maximum power point tracking of stand-alone photovoltaic system using
fuzzy logic method. That will be applied in buck converter circuit for developing system to faster
convergence Therefore, computer simulations are simulated in order to compare performance
characteristics of perturbation and observation methods found that fuzzy logic method faster convergence
than the perturbation and observation method state during the system initialization and the irradiance
condition changes, so the system can effectively the maximum power of the photovoltaic system and
therefore creating equipment that was designed. The results reviewed that fuzzy logic method could track

rapid maximum power and accurate than with perturbation and observation method.

Keyword: Maximum power point tracking, Perturbation and observation, Fuzzy logic.
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ABSTRACT
In this paper, a study on electrical vehicle battery cooling by the thermoelectric module using
ferrofluid (Fe;0,) as a coolant is presented. The parametric study that affects the heat transfer and flow
characteristic at the hot side mainly focuses the heat sink with water and ferrofluid concentration

0.005% and 0.015% as the coolants, the mass flow rate of coolant that providing the optimum heat
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transfer characteristic for EV battery cooling is investigated. The battery pack was embedded at the
cold side of the thermoelectric cooler module is a cylindrical 18650 cell type has connected a series
of 6S and a parallel of 10P(6S10P). The total output voltage/current of the battery pack will be 22.2 -
25.2 V /34Ah is obtained. The result has shown that Ferrofluids as a coolant is better than that water
in thermal performance. Moreover, Ferrofluid concentration of 0.015% has a higher thermal

performance than that of 0.005% and water of 20% and 30% are obtained. The obtained results will

be a guidance for improvement in the EV battery cooling in the future.

Keyword: Thermoelectric cooling, Ferrofluid, Electrical Vehicle Battery, Heat sink.
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ABSTRACT

Objectives of this research were to study drying kinetic, specific energy consumption, color
quality, effective moisture diffusivity coefficient and mathematical modeling for predicting drying kinetic
of kaffir lime leaves by combined vacuum and far-infrared. Conditions of this research were conducted
by initial moisture content of kaffir lime leaves was 170%d.b., drying at absolute pressure of 5 kPa and
15 kPa and temperature of 45°C and 55°C, final moisture content of kaffir lime leaves was 5%d.b.
Results shown that drying time and specific energy consumption were decreased whereas drying rate
was increased by decreasing of absolute pressure and increasing of drying temperature. Anyway, color
difference was decreased by drying at low temperature. Therefore, drying condition at absolute
pressure of 5 kPa and temperature of 45°C was the optimum condition for drying of kaffir ime leaves.
Moreover, effective moisture diffusivity coefficient was 1.4221x10™% to 6.1840x10™* m®/s. Effective
moisture diffusivity coefficient was increased by decreasing of absolute pressure and increasing of drying
temperature. Demir et al.”’s empirical modelling was the best modelling for predicting of drying kinetic
of kaffir lime leaves at decision coefficient was the highest at 0.99973, the lowest root mean square

error was 0.00425 and the lowest chi-squared reduction was 0.03964x10°.

Keyword: Specific energy consumption, kaffir lime leaves, effective moisture diffusivity coefficient,

vacuum, far-infrared.
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(6)

dlo D A0 Sudseavsnsuninnutulseansna
(m?/s)
L o ﬂ?ﬁ%ﬁqmaQﬂawuuuﬂuuzﬂgm (m)
(L=0.178+.017 mm)

t A LalunIToULAa (5)

Weldihesonisinszimmneuresaunsi
(6) aun@linseunitaldiiauiy waziiuy19dman
nseuuRianas asfiansaisunouusnmiiduss
AU (7) wazanunsafINANEUUsE AN NTUNS
ANTuUsEaANSHaunaztd suluniseuuie 1ass

aunsi (8)

8
In(MR) = In — |-Slope.t 7
T
Lfia
2
D, Tt
Slope = — (8)
ar

ot slsfmuAnduuszans nsuns Aty
UszAnsnaiduaiidueg fugungdeuws 19, 15
wazdAruduiusaiugvaunisvesensisidea
(Arrhenius equation) A UAM1UBINE $91UNTE AU
(Activation energy) 4 v uamda91ud 19Tuns
nsdutvderuduliindoudieanainian lnee
WAIUNTTAUAINITOT AT AN AR TY
521713 \n(D,e) AU (1/T,) afuvindu (-E/R) uay
Jadoiand mdmldanaunisanuduiusves

(D) U (1/T,0.) Faunsdi (9) wae (10)

Dss = Dyexp -— (9)

abs

MFENTIAINTTUANENS UNINGIRUATUASUNTI LT

YN 16 aUUN 1 1Hou UNTIAN — W8 W.A. 2564

VED)
Ea
n(Dy) = tn(p,)- (10)
RTabs
We D, Ao Yadwiavdnings (m%s)

E, Ao wasnunsesu (ki/mol)

8 AAIEINaveILAa (8.314 J/mol K)
0

P
o))}

o
7
o)}

9 NI ULA (K)

3. HANINAADY

3.1 aunamansnIsouuialuyzngm

NNTMARBIMNUT AL AN TITZEZLIA
oUW aRasUT 2 Tngnausnuaanisauusisr il uay
anatet 19530157 1l 09 uydei wan A st el
A ugs ndaaniuaud uasaosn anaq e
fsaneuuansnesgumMalisuuis wuin finna
Fuduyseifierty guvnfiouwa 55 °C farudu
anaadninfiguvndl 45°C dwaliszezianilily
N15RULT15INT1 waaenAd 03t uNTINENIINTT
PUWINLTUT 3 Fewudn Tignumgiiouusia 45 °C &
Sasnseunisinniinseuwsiai gamgd 55 °C 1
anududuysalifenty Wesmndeiugumniinig

suwiiliguiy WDumsiiamdsnuliiudndedlu

200

---@--- P 15 kPa, T 45 °C
= 3
S0 bk ---e--- P 5kPa, T d5°C
-8 I
s » --—#--- P 15 kPa, T 55 °C
= ER |
O 100 Y ".\ ---&--- P 5kPa, T55°C
& N AY
= ‘\\\0\ “a
g ‘\\\ * T
250 1 N, e
"g 4 " .. ‘I.,__‘.
= N, s \"..__

A Y ‘.M“""—'.. Teea
0 T p—=¢ T =% —

0 60 120 180 240 300 360 420
Drying time (min)

JUN 2 madsuudasanudulutgngnianueiu

o 4

duysal 5 uay 15 kPa uazguunil 45 uag 55°C



MFANFIAINTTUANERNS UWNINYNRBATUASUNTILSA

U 16 aUUN 1 1HoU UNTIAN — LWI8U W.A. 2564

Drying rate (g,/g.s.mMin)

0.030
---@--= P 15 kPa, T 45 °C
(Y
0-025 4 i ---8--- P 5kPa, Ta5°C
vy
0.020 | umk ---#--- P 15 kPa, T 55 °C
[ Y
R P 5kPa, T55°C
0.015 &3 & *
0.010
A
" -
0.005 i “TETe
: R =
O'OOO T T T T T T
0 60 120 180 240 300 360 420

Drying time (min)

@

JUN 3 dasnseuwrislutzngafiaududuysal 5

waz 15 kPa wazgauugil 45 uay 55°C

wanfut eazldidundanuanudeuluguvesni
Youusslunisssimeroanluainudasusl vild
é’mﬂisﬁwémmwimm%”uqa%u Jaaguladn gamad
ouwisinaresaunamansniseuwislunzngn Tngi
anmzanusufeiy Weugamiouus Snsdu
AsBuTraRaaE NS IMse ULy
\foftansunimnusuduysal 5 uag 15 kPa
wuin flgamgileuuiafiodtu anufudiysal 5 kPa
faruturendunswinnigatuite anutuavanas
Sandiianudiu 15 kPa Tuvagiianududuysal 15
kPa fiauduanasaeudretind dadunaniain
m’azmmé’uqmyapmﬂeﬁqﬁﬁm%wasiaamLﬁ'amm‘fﬂ
LazdendaafunTMsmIINsouLanLgUT 3 Tng
ihileududuysal 5 uay 15 kPa fgaudenUsraos
33 way 50°C auandu [4] 1 unaliniseunied

'
¢ o

anduduysalildszesnainiseunsiaiisandt 3
asulann anuduaganaldvisnasosaunaans
nseuwisluuznga 1ennududuysalanas n1s
ouwiafi g aumnfildertuazdnalisnsiniseuuts
99U uazauTLIzanaNs NG
uananiiniseuuislunengafiannufuduysal
15 kPa (ALfianin 54°C) gaumnfiouia 55°C 3

gMIIN1T0URAGINIIAAMURUFUY Tl 5 kPa (30

65

a t%

Wemh 33°C) gumnqilauuiia 45 °C uananagui 2-3

U
v

wngafenveshiiausuduysal 5 kPa azdnin
finu LwiﬁgaaaaamasmiaULLﬁqﬁﬁwmaamﬁqmmﬁ
m"’qmﬁqmmﬁmsamﬁq WAZNITOULN T ALY
duysel 15 kPa fgumgiiniseunsisiigendn vivlily
YIINVDINITOURAITAINUANA 19830 N T
sEnIanziInsenluisssuwisiuTanuINNdd
daalinsanemenudeunarannuiuldanii 3
FUUIHUT0INANITNAADIAAAR BN UIUIIUNTT
QULRITT [4] ward s [16] fouwiadquinaia
goyeyInATINAUBuNS L IALmila Uiy

3.2 A UUE AN TN

Lﬁaﬂmimﬁqquﬁauuﬁuﬁmﬁ’u WUIT AL
AuLUApaNdIuTINNEYeenToULRaTiA LY 5
kPa fftfo8n31n15o UL ST A Le Y 15 kPa Tag
08 Ussumdouar 21.58 wazdesay 28.43 7l

QUNNOULIY 45 uag 55 °C auany Aegun 4

9 Y

¥ v
U A A

N9l L4 awmﬁ'amwmmﬁuﬁ’uqiﬁﬁw vl
nanfasiansosymeldieuarsingity Wesn
AaLionesanas feinlildnanlunisounsi
tovas agulédn mawdsunnzanudugyainie
WAZRUQTBULIS JrdamaranuAuUFo g1y
Fumy TnemnuAuUEemEsnus iy anas [4,

9] Wean1gANuAUduyYIlAIaareungiing

BULIGIUY
200
mP=15kPa [P =5kPa
145,77
150
~— iy iy
o ) 11431
ni-‘:' f;:/%
3 w00 _ 72.89
= o :
g ’ﬁ 52.17
“ 50 fff‘é ﬁ; .
0

45°C T =55°C

—
Il

JUN 4 anududemaanudimizyaniseuniisly

NgN3A



66

3.3 Fvevluuzngn

ANFVRINANN I LUNENIANDULATNRIB UL

'
a

AUENIIZA) WAAILUAITIN 2 wazua

Y

5 WU
AANAIN (L) Tuwldaiiudunug un)inis
UK T U Fegaunndinseuwian 45 °C Tian

mmadalndiAssiuannguduandign uagen
anududiden (-a) duuilfuaenadesdy dude
annzflgumgiiouuiaiaziiaududifnlndides
Aulunzngaanuinniinisldomumaiigs dmsuen (b)
anududivdedunnanzmmeaediinalaeiade

AlnaLAeay

15799 2 AvedlungnInneulasnaIa UL

P T
L a b
(kPa) | (°C)
Fresh 41.32+0.04% | -9.33+0.05¢ | 24.99+0.09°
45 | 43.74+0.05° | -7.86+0.05° | 23.23+0.06°
15
55 | 46.23+0.05% | -3.82+0.04% | 24.76+0.09°
45 | 42.39+0.03 | -7.56+0.03° | 24.47+0.01°
5
55 | 46.08+0.06% | -4.57+0.05° | 26.01+0.06"

a-e means in the same column with different

superscripts are significantly different (p<0.05)

Fresh

T 45 °C T 55°C
P 15 kPa

T a5 °C T 55 °C
P 5 kPa

JUN 5 TungnganeuuasnaanIsouwie

Y

otalsAmudaiTouiisumnuuansiaves
Handusindaniseuuwislulaazanziiguivly
uzngnan fans1eil 3 agulddiigungdl 45 °C T
AnsLAnsesdtesninfigumgll 55 °C iesain
Tungngafiodnduayulnsilonnuiou ey
dnSnavesgunidlinauinninvesanudulunis

UL Asuiaududuysal 5 kPa aaumngi 45 °C
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Tinaves AE WesigadaSouiiguiuluugnga
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ANTTANNY NEINITOULI

15199 3 ANULANANIYBIELULEN AV D ULIAS

P T
(kPa)| (°C)

AL Aa Ab AE

45 |-2.42+0.09°|-1.46+0.109 1.77+0.04% |3.33+0.08°

15
55 |-4.88+0.05%|-5.50+0.09%| 0.23+0.18 |7.36+0.05

45 |-1.07+0.07¢|-1.77+0.08| 0.52+0.09°|2.13+0.07¢

55 |-4.76+0.10%|-4.76+0.03%|-1.02+0.14%6.81+0.08"

a-d means in the same column with different

superscripts are significantly different (p<0.05)
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Model P OT Constant R? RMSE  |¢? (x107)
(kPa)| (°C)

Newton 15 | 45 | k =0.00627 0.98333| 0.03522| 1.33574

55 | k=0.01770 0.99675| 0.01863| 0.40485

5 145 | k=0.01140 0.99114| 0.02731] 0.82040

55 | k =0.02235 0.99620| 0.02131] 0.56782

Average 0.99186] 0.02562| 0.78220

Page 15 | 45 | k=0.00853 n =0.94095 0.98458| 0.03387| 1.33848

55 | k=0.01645 n=1.01715 0.99681| 0.01847| 0.47746

5 145 | k=0.01897 n =0.89223 0.99461| 0.02131| 0.55497

55 | k=0.01697 n =1.06863 0.99686| 0.01936| 0.62476

Average 0.99322| 0.02325] 0.74892

Henderson | 15 | 45 |a =0.96611 k =0.00604 0.98537| 0.03299| 1.26998

and Pabis 55 1a=0.99932 k=0.01769 0.99675| 0.01863| 0.48572

5 145 a=0.96713 k=0.01103 0.99268| 0.02484| 0.75384

55 1a=1.00318 k=0.02244 0.99622| 0.02126] 0.75350

Average 0.99276| 0.02443| 0.81576

Logarithmic| 15 | 45 |a =1.05123 k =0.00473 c =-0.10960 0.98913| 0.02844| 1.02928

55 |a=1.03098 k=0.01595 ¢ =-0.03971 0.99819| 0.01390| 0.33799

5 145 [a=0.97096 k=0.01085 ¢ =-0.00555 0.99271] 0.02477| 0.84352

55 |a=1.06419 k=0.01914 ¢ =-0.06898 0.99863| 0.01278| 0.40839

Average 0.99467| 0.01997| 0.65480

Weibull 15 | 45 | a=-1.28795 b =-2.28357 k =0.00099 n =0.64110 0.99915| 0.00795| 0.08855

distribution 55 a=-0.15441 b =-1.15464 k =0.01284 n =0.81782 0.99979| 0.00469| 0.05125

5 145 |a=-0.21149 b =-1.21040 k =0.00725 n =0.69736 0.99948] 0.00664| 0.06923

55 1a=-0.33910 b =-1.33908 k =0.01176 n =0.76120 0.99999| 0.00058| 0.00167

Average 0.99960| 0.00496| 0.05267

Midilli 15 1 45 [ a=1.00099 k=0.03623 n =0.56623 b =-0.00082 | 0.99971| 0.00462| 0.02989

55 1a=1.00019 k=0.02969 n =0.84538 b =-0.00049 | 0.99981| 0.00450| 0.04733

5 145 [1a=0.99863 k=0.03520 n =0.72747 b =-0.00034 | 0.99934| 0.00748| 0.08797

55 1a=0.99998 k=0.04018 n =0.79668 b =-0.00113 | 0.99999| 0.00095| 0.00450

Average 0.99971| 0.00439| 0.04242

Demir 15 |1 45 |a=10.82489 k =0.00347 n =0.55310 b =-9.82445 0.99965| 0.00510| 0.03643

et al. 55 |a=1.15475 k=0.02840 n =0.81772 b =-0.15452 | 0.99979| 0.00469| 0.05125

5 145 [a=1.21079 k=0.03222 n=0.69714 b =-0.21186 | 0.99948| 0.00664| 0.06923

55 1a=1.33962 k=0.03399 n=0.76095 b =-0.33964 | 0.99999| 0.00058| 0.00166

Average 0.99973| 0.00425| 0.03964
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aavian (R*=0.99973) A4 851NN @09UIAIY

U q
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YanaNniAuduiusye s nsdIuA T U
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Demir et al. uanssagui 7 dauduiudvestoya
wiznquiwdusundunss wazdanuaindu 45
D9AT LAAIITLUUIIADIUDS Demir et al. @13190
vensidsuuUaseutiureduuengaldoudig
Wiy

3.6 suUseamEnIsunsAINT Az WA 197U
Qe

WemunmanuanduessnsIdunLiy
TULAAZNISNABEIRINANNIST (7) 9ZdIUITONIAN
Fulsyavinsunsnutulsyavisnaainaunisi (8)
TR HafIn1s19i 5§ saznuInduUszans nsuns
A8 uUseAnsnaiaegluda 1.4221x10"%
6.1840x10™2 m¥/s TneAndutsyansnisunsninudy
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nieAududuy salluiesauuisanas [9] ERE
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Snmmseuwisgeluuaglfinaluniseuuiaionas
aamé’aaﬁ’umamimamﬁqgﬂﬁ (2)43) uenanilss
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Wa”amumw:'u 79,072.47 way 91,568.28 J/mol
AEIRY Famedi 6 Tnendanunszduiianiosas
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AN5197 5 FUUTEANTNTWINTANUTUUSEANTEHE

P (kPa)| T (°C) Slope Do (M?/5)
45 | -0.00011042 | 1.4221x10™
o 55 | -0.00031709 | 4.0841x10™
; 45 | -0.00019307 | 2.4868x10™"°

55 -0.00048013 | 6.1840x10™
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M13°97 6 Yadelavdmasiasnaanunsedu

P(kPa) | T(C) | D,(m%s) E, U/mol)
a5

15 1,539.48 91,568.28
55
45

5 23.90 79,072.47
55
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Tassmsifeidos infesiuaginlilidnaldgnoonuuuiasimuniulasdingussasdundniiio i
Auansalunsiney Faeusendanaiuazussunulutuneunisinarialill wissiway3aliilid
ponuUULazimun Usznausielassainandn 5 diu ldun 1. TasaeSos 2. szuuidles 3. yalsdndes 4. 4n
Tuile way 5. ssuumeneafds fudsiAnulaun anusisevvememesdmsunisunldlad 1,300 1,400
way 1,500 5oUADUNT ANEIsUTRINeImesAmTUNSIR NG 500 700 uay 900 soureund laudaAtua
Tunsfinw Town anuausalunisiy anuausalunissaliiln Wesidudnisaade nsAude g
Wi wagmslinsesialddemaasvgmand nanmveaeuinissinuarialdlidnaiunuin arundasoures
wewasTmnzand iU sHiLaznsIalili AU 1,500 seuseun way 700 seuseundl AudIsu
auansalunsialiiiedamiaiu 7.12 ieusteundt anuauisalunisinldldedewitu 5.65 @useund
nMsaudemdsnulniinadsd usunisiaminiu 1.87 Alatnd-dalus nsauddemdsnuliiiedsdimdy
n53iiu 0.79 Alatad-Falus nansiwieuiisuiunisldussanuaunuin msldndosinazialdliesd
AnuatsatunsEagInaenldliuinadnnsIansaeIuAL Ussun 2.6 wag 2.7 111 ANE1AU Hanis

AATEATRATEHFAEATIAINT TN UITAEIeTunviu 90.1 umsietalus geAuvulunisvinnu 156

Wlugwiel wawlilaNa1saun1sinaui 300 Hiluwied aslisveziiantumsfiunu 2.5 U
Aandgy: Wilidnanu 1o 1AesIn

ABSTRACT
The research project entitled "design and development of bamboo craft splitting and slicing
machine” was aimed to increase the working capacity as well as time and labor saving for bamboo
splitting and slicing process. The machine consists of five main parts namely, steel frame, gear train,
chain conveyor, blade unit and power transmission system. The speed of motor for bamboo splitting

unit was selected at 500, 700 and 900 rpm. and the speed of motor for bamboo slicing unit was
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selected at 1300, 1400 and 1500 rpm. The performance parameters studied were bamboo splitting
capacity, bamboo slicing capacity, bamboo slicing loss, electrical consumption and economic analysis
of bamboo splitting and slicing machine. The performance test of the machine showed that the
optimum speed for splitting and slicing were 1,500 and 700 rpm, respectively. The average capacity of
splitting and slicing were 7.12 sticks per min and 5.65 slices per min, respectively. The electrical power
consumption for bamboo splitting and slicing were 1.87 and 0.79 kW-h, respectively. Based on the test
results the capacity for bamboo splitting and slicing of the machine were approximately 2.6 and 2.7
times higher than traditional manual operation of bamboo splitting and slicing methods, respectively.
An economic analysis further showed that the operation cost of the machine was 90.1 Bath per hour

with the break even point of 156 hour per year. Considering the working hour of 300 hour per year,

the pay back period of the machine was found to be 2.5 years.

Keyword: Bamboo craft, splitting machine, slicing machine.
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ABSTRACT
Growing lotus has been promoted in Thailand particularly in flooded areas where other
plants cannot be grown. Lotus seeds can be processed as OTOP product of the provinces with lotus
planting areas. This research attempted to design and fabricate a prototype lotus seed shell peeling
machine to minimize the time and labor requirement in the fresh lotus seed shell removal. This
prototype peeler consists of the main frame, cutting blade unit, Scotch Yoke mechanism, the power

transmission unit and a prime mover by 90w-gear-motor. The operation started with manually feeding
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lotus seeds into chute at the top of machine. Then they were conveyed to blade unit to cut lotus

peel in diametrical axis by Scotch Yoke mechanism, and finally seeds were released through outlet

chute at the bottom. The results revealed that the average speed of blade 7 m/min worked well

among the average speed of blades 6, 7 and 8 m/min respectively. The peeling percentage was 79%

without any seed damage with working capacity of 3.6 kg/hr consuming 0.06 kW-hr of energy. An

engineering economic analysis showed that it cost an average of THB 12.2 per kilogram at 1,440 hours

per year with 3.4-month payback and 102.4 hours per year for break-even point. This prototype can

work at least twice as fast as human labor.

Keyword: study and testing, peeling machine, lotus seed, lotus.
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ABSTRACT
At the present, batteries are essential energy storage for electrical vehicles. The efficiency and
lifetime of the battery can be extended by keeping the working temperature about 15°C - 40°C. The
generated heat inside the batteries can be generated by the charging, discharging, physical actions such
as compression crushing or piercing from an accident including the electrical-chemical system problems
of the battery. The thermal problem, the high temperature causes the battery overheating and

explosion due to the thermal runaway phenomenon. Therefore, the thermal management systems are
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essential for cooling the battery system, and have been designed with different cooling techniques; air,
liquid, and hybrid coolants. From the review process, it is found that the cooling technique with liquid
as coolant gives the highest thermal efficiency. However, the operating temperatures obtained from
three cooling techniques are less than 40°C. The cooling techniques can be used to design and apply

for developing electric vehicle battery system with high lifetime and more safety too.

Keyword: Thermal Runaway, Electrical Vehicles, Lithium Batteries, Battery Thermal Management

System.
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