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ABSTRACT
Modern rice mills have improved in size and milling systems which effect to the rice milling of
electrical energy consumption in rice processing. The analysis of the electrical energy consumption
(EEQ) of rice mills can be used as a guideline to determine the EEC and cost of each individual operation
section. Ten medium scale rice mills in Northeastern Thailand were studied. The results showed that

each rice mill required on average electricity power peak was 362 kW, and the average EEC usage at
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1,183,271 kWh/yr, and an energy usage per production volume of 19.50 kWh/T. The average annual

cost for EEC was 4,901,301 THB, and the electrical energy cost was 82.19 THB per ton

Keyword: rice mill, electrical energy, electrical energy cost.
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ABSTRACT

The purpose of this research is to study the mechanical properties of five popular bamboo
species, i.e., Pai Ruak (Thyrsostachys siamensis), Pai Tong (Dendrocalamus asper), Pai See Suk
(Bambusa blumeana), Pai Sang (Dendrocalamus strictus), and Pai Liang (Bambusa sp.). Three parts of
bamboo culm, i.e. parts from the bottom, middle and top, were used as specimens. These specimens
were dried in order to remove moisture content from the wood. Each dried bamboo specimen was
tested under either tensile, compressive or bending load using the Universal Testing Machine. This
process was to evaluate the bamboos mechanical properties. The result shows that mechanical
properties of Pai Liang are in higher than other species. The maximum tensile strength, compressive
strength, bending strength, and modulus of elasticity are 124.05 MPa, 92.29 MPa, 265.47 MPa, and 13.17

GPa, respectively.

Keyword: Bamboo, Mechanical Properties, Modulus of Elasticity



MSATIFINTTUANENS UM INGAYATUASUNTI SR

YN 12 adud 2 WaunsngIAN - SUINAN N.A.2560

1. Ui

Y s v

s duivounyszasdiioga fuuyudund
v Wesmnannsatunldlsslovildvanedudaus
nieldauteadu wu nsimdeldiunduems ns
Yrdruvesdidunvinasedddliay wu duveu
prn31au fwdalagineu e lrlunulasEsig
Wy n1svindedu udelassadisvesiinnends a1n
AN Usguazsd [1] wuldmsulssmalny
dunuhiledinnndy 69 wfia Tu 13 ana nszaesie
V'i’wlﬂmﬂﬁuaqﬂixmﬂ Imﬂﬁ]zwﬂumﬂﬂmqmmﬁqm
458,500 15 sosawnmenindanu 248,312 15 mawmile
125,500 15 nanziueen 97,875 15 wazniald 9,437
1512

15T & nwauziuansdrsanldidoudsinly

e nfidnuaziluviensinszuennaisuazgnius

v A

AETaNTE U619 AADAAIILENIVDIAIAUY 1ATIAS
voudeldlisynavludrsiwadnisulaun
(Parenchyma Cells) 60% ngutdule (Fiber) 40%
uazLIaALazdia (Vessels and Sieve Tubes) 10%
AFeanuungnved iy udbifngudilonuun
Sl vizomuuudusoun [3] Tnsfinrumunuiuyes
nauduleasdaunniigauinalndduindiuuen uag
auAoY anasaudsusnaaduly Fedsalidliils
aursadufuuazAunIuLssaulanlaglilinnis
wanwin [4]
nmilllldendugulasadredusniu
fzdemsuisausRimemenmuazandfidnanes
1fliusiazaia WeflagsinliAnusloviligeqn
dwfuldliiifeglutssmalneduldfinisfnunis

aa

autAanavesldliuiinnine Uhauad wu §dna [5] 10
AnwanvAinemenmuazidnavedddlinianimin
Usn3uy3 nudliflissdennudunusssufaoudis
i SlanugassmnzUiunans Snsveshreudnatos
leweuiulivig T uiflaud@iBsnagenn Taeiams
m’lw,lfﬁaLmiumiéhuLLiqﬁwu’méauﬁﬂ"lqmd’ﬂﬁﬁ'u

URADU warauURLTINas1e) Seaiaue AusdIulay

fediulany 91n5189UNMSANYINTIANISLAYNNSLY
Ustlemianldilioeddu (6] ldnwautfdnaves
TlsTuuseimednuau 5 wiia wuilidanuaglnls 2en
mméf’mmul,l,ﬁqﬁmgdejmjQﬂ’j’ﬂmﬁmﬁu yonani
3175 [7] Wvedeumautidanavesldliudazetinly
Lwiaxqu&?ﬁmmiﬂiqmwa’gﬂuﬁuﬁﬁwﬁL%ﬂmi
LAZIIIALTENTIY AIEIDNSNAABULIIAY USIOA 159
¥ wudnandiidenaveslifiniuegfuaia any
anmuandon uaydvEnaane ity wea WaTTILYYg
(8] ladnu1dnsnavestaUdos VTUIANLIAA LAY

USunaanudunanidesunssnavasldiimnsaslidan

q
P

PUINAAISULSIRIUS Dt aUdpwadlinawas idand

AIMINTIINIAITUBSIRUS aInasUapadseanes 1.1 -
2.0 W11 HANTENUVDIVWIAFURUAUENATS UIALAN

[ =

VAT ULSIRIUS RUNA R DIgINTMINALEUN 1Y

—9

4

AudnauInlg 3.65 Uay 3.14 i1 auady du

¥ '
a =

answavesnnuululdlenansdiiiuin 1oldnd
AaFusiaglidssunsdagandldbififinuduge
Soway 9.4 - 31.7
nATefina g unuiTlunsdne
auddidenavesldledudunsinunldlianiidonad
autuegluilold dsdmaliautfidanadliiudng

£
a v A=

Iggusvsnannanuguludols duilunuiseddss
AnwaudRidanavesldlifiiunmseundis Wedunns
fdanavasmuiuiidneaudfdnavosldly neld
auydg il unseuwiudiaslaudfidena

Aannlglleian

2. gunsnluazIENs
TunisanwranUidenavedldlaluadad
denldlsiliduam 5 vin Afeguszanm 3-5 T Tu
Huidantendedlugd Teud Tisan (Thyrsostachys
siamensis) t1W® 4 (Dendrocalamus asper) L@ an
(Bambusa blumeana) lW%14 (Dendrocalamus
strictus) wazleaes (Bambusa sp.) ililluumazudin

wneanidu 3 duldun drulauaidu drunanean



10

fu tazdliulaleddu mﬂﬁ?uv‘hmim%nq AU
Guleieasniadulunazinduuensendiuas
Uszanadlaiiiu 1 faduns vie 3 dau didnldlfing
nsaenAaudslleuniuiteiinarutusenanile
1fihedountiadvie Binder fu ED-FD fauanslugud
1 figuunfinslugouuta 103° C +2 °C antuh
nsoutuliliuasdanatuldiliyng 6 dalus uile
nsvvdeuiasaniiieldlllildinnsusuanidesann
M50UWRY AuATU 24 Falua Seviintsdeaatulals
yn9 1 Halus aunsetanatulilkinnudeundas
LaiiAu 0.01 N3 aunImsgIUYEY 1ISO/DIS 22157 [9]
1ilufriuniseuusiaudazgiiulilugunsalmuny

ANUTULINLN UV Tunnasssaly

JUN 1 §auuvisgvie Binder Ju ED-FD

vy
U Ya

Tumsfinwassididelavinnsfinuiisauds
Benamuuunduloveslsilisoniomaasuaina
%@ Hounsfield §u H50KS AL ug1lunisin
AUss £0.5 % vasAuseiiald  Fauanslugudl 2
AUIBNMTVR 1SO/DIS 22157 [9] bouA AmAuvIY
WIIRIGIAN ANUATUNIULTITAZGIAR AITNATUNIUY

[ [ =

LINgen wazuagaavesnuBanguveliili 5

Y 9
v

YA NIFIUAUS AU FIUNANAIRY LazdIuUatean
fu lnenFunaassiunsnadauivuinnukuiauly
(Longitudinal, L) amutwisedl (Radial, R) Wazmnuuu?

e (Transverse, T) dauandlugun 3 fegui 5

NTAFIANTIUAERT UWNINSFDATUASUNTILTAL

U 12 adufl 2 WHeunsngIax - SuI1AL W.A.2560

HOUNSFIEL

JUT 3 UIAVBITUNARDIAIINAUYNULIIFIGER

N

JUT 5 JUIAYBITUNARDIALATUNULTIA AR

YUNAADINHIUNSANAIBLADYINADULAY
NIUNSUABAIRIABNTEANYNI 18U VUNNVDITU

NAFaUAINTIFINTIERTgnnlUNAde UM AR



MSATIFINTTUANENS UM INGAYATUASUNTI SR

YN 12 adud 2 WaunsngIAN - SUINAN N.A.2560

ATULTIAIGIEA AIUAIUNIULTITAGIEA AL
AIUNULSIANEIER LazaandavasruEnveuasll
Tlusiazeia Ingldunaasdudnlauddusinas 9
Furenisnadey @runarsdrduriaas 9 Turens
vndey wavdlaredduriinas 9 Jusenisnaaou
audndu ieldlunisnaaeudiluudaznisnagey
LazuAAT AL ITeIE R US U 9 S Tnefmusls
audlunisiadeuiivesiisureaniswmegouaina
Tunmsnaasuiswaznaiiayindu 0.01 mm/sec Lag
Tunsnaaaudailavanu 0.5 mm/sec ANUBINTSE
uazszarmavasugUldnmmeaeuazgiufinly
Tulusunsudniagy QMATtestzone® tiayanldly
mMsiANgimaantRdenavesldlineld
N1IMIAIAINUATUNIULTIFIGIAR NAdDY

f1835n1574 (Tensile Test) Fanu5aMbANANNT

(1) A
F
o, = (1)
u A

P

o o fe AIWAIUNIULTIRAEIER (Mg MPa),
Fe 1B A13¢59g980 (138 N), Uay A Ag Hufintda
fi¥unise (Mg mm?) audisu
N1SMIAIAIUAIUNIULTIBAEIEN NAFOU
Fe38n15na (Compressive Test) Faanusanléiann

aun1sy (2) Ae

F
o =% 2)
uc A

dle o, AB AUAIUNULTITAGIEA (38 MPa),
way £, Aig n15enagedn (Mg N) mudidu
NTMIAIAIIUATUNIULTIAAFIGALAY
UBYRAVRIANUBANLU A313AMILAANNITNAABY
#1383 3 99 (3 Point Bending Test) Fsanansa
wlsanaunis (3) uag (@) fio

ub 2

2bh

11
F L

E = _ub (4)
48yl

Wie o, A AVIUATUNTLLIIRAEER (Vg MPa), £

2

1Y) N

g wandavreInNNEAnEY (Mile GPa), £y, AR ATy

U

o

Angaan (Ve N), L ABANE1ITENINATEITUVES

Y 9
v v

Funegeu (90 mm) b An ANUAINVBINLIRAYDIT

NedU (ML mm), h A mmqwawﬁﬂﬁmm%yu
NAFOU (M8 mm), v AD i%ﬁJ%ﬂ’]iLLéuq\‘lﬁjﬂ‘U’e}Q%u
Vagau (Muae mm), waz | Ae Tuwudanudesves
Nufinihdavastunaass (Muae mm® ( = bh>/12)

AIUAIAU

3. Wawaziangd

waﬁ"l,éfmﬂmﬁwmaaummmﬁwmaugmfhmmﬂ'w
AUANULSIRILFRINANNTTT (1) ANUFIUIULSISR
gegalsainaunisil (2) Anudunuussingsgals
naunsT (3) UAZHBRFAYBIANNEANEUIINANNT
71 (@ vodliilnusiazain Fsanansoaguldfauandlily
31971 1 Mnwan1snadevantRiBinavesld ki
AseuLTe 5 vty wuindauURidanadilaen
nsfnwilundaiifenfiganinliiludtogluaninaniils
9111157 N ¥V Thaipetch [6] 9z ifiuniny
wansnsegedauilofinnsanderuduniuns e
g9an 19u leing 190.92 MPa (84 MPa) Liidgn 200.42
MPa (92 MPa) %19 239.17 MPa (83 MPa)
wagliiides 265.47 MPa (81 MPa) Tndaiaaluradu
Aemnudununsingsgaiildainnisdneives
Thaipetch [6] dungldnidolidnlauvesduliia
it 5 siafianuannsalumsiumussasiieg e
nidsug dnileliusnadunandduliian
ANUNTULTIAEIAALATAIIUATUNIULTIE NN
wnndulatsuasdiulauvesadusuiosian

AUNANAIRUNITTEEITZNINTOUINATIEIUDUS)



12

A15799 1 guTRTanaveaalillens 5 wia ARIUNITaULIAS

MIFANFIAINTTUAERNS UWNAINYIBEATUASUNTILSA

Y7 12 adu 2 Weunsng1au - Suaau W.A.2560

Tensile Compressive Bending Modulus
) LU Strength Strength Strength O]_C _
(MPa) (MPa) (MPa) Flasticity
(GPa)
1Ay 108.62 80.27 189.63 7.83
150 na 130.33 88.53 205.88 8.27
Thyrsostachys siamensis ~ Uag 115.47 80.53 228.75 9.44
Laéa 118.14 (11.1) 83.11 (4.7) 208.08 (19.7) 8.51 (0.8)
Tau 52.64 46.00 186.75 10.17
Teing nana 90.18 60.68 185.13 11.23
Dendrocalamus asper Jany 87.69 54.93 200.88 12.59
Laﬁlﬁl 76.83 (20.9) 53.87 (7.4) 190.92 (8.7) 11.33(1.2)
1Ay 83.61 82.97 196.75 5.43
dan nan 103.20 85.57 201.25 7.09
Bambusa blumeana Jane 87.64 84.97 203.25 8.54
e 91.49 (10.3)  84.50 (1.4)  200.42 (3.3)  7.02 (1.6)
Tau 103.91 74.57 214.13 11.18
Ipigna AGEN 109.51 79.91 251.25 11.61
Dendrocalamus strictus Uay 108.62 79.06 252.13 11.84
Laﬁlﬁl 107.35 (3.0) 77.85(2.9) 239.17 (21.6) 11.54 (0.3)
1Ay 113.22 82.13 232.63 12.21
lmgm RN 131.00 101.46 260.00 12.99
Bambusa sp. Jane 127.92 93.27 303.78 14.30
Laéa 124.05 (9.5) 92.29 (9.7) 265.47 (35.9) 13.17(1.1)
wueLue : ()* Standard Deviation
waviifeldfd1utarsvesdrduiinauainnsalunis o 124,05
AuNULSITRLazALondaveIAEaguTalill gig f N
wnndrdrunansuazdiulau audu suilesnan ég:’ 80 76183 I
AMUBU LU L EUlUSIMANA1uLEATAILIN E jz
wazazAon anadlumuarumnveaiold dufoya 5 w0

INTIBNUNSANVBIRTUAS [4]
auUMYInave Ll lNAKNIUN1TEUWAINY 5
¥in Alaarnnisanewrluasedaiuisayiun

Wisuiilgudananslaluguit 6-9 ladail

Pai Ruak

Pai Tong Pai See Suk Pai Sang

Bamboo Species
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MSATIFINTTUANENS UM INGAYATUASUNTI SR

YN 12 adud 2 WaunsngIAN - SUINAN N.A.2560

92.29

=
(=)
o

83.11 84.50
T T

——

77.85

©
=]
|

—

53.87

oy
o
——

Compressive strength (MPa)
el [=2}
o o

o

Pai Ruak  Pai Tong Pai See Suk Pai Sang  PaiLiang

Bamboo Species

JUN 7 anudnuvnuussenganvedily 5 via

[
=]
S

]

=31

2]

T~

~

239.17
T
200.42 i
I

]
[$2)
o

208.08
T 1980.92
1 T

)
(=1
=]

i
=
o |

Bending strength (MPa)
@ o
] (=]

o

Pai Ruak  Pai Tong Pai See Suk Pai Sang  Pai Liang

Bamboo Species

JUN 8 Anudumusingaavedldly 5 vie

®© 16
G 14 13,17
- 11,54
212 11,3 T 1
2 i
‘%’ 10 8‘151
] 7.02
I i
» 6
S
S 4
H
= 2

0

Pai Ruak  Pai Tong Pai See Suk Pai Sang  Pai Liang

Bamboo Species

5UT 9 Awegdavesnnudavguvaslily 5 viln

NANSIUTIULABUAIAMUATUNIULT IR
sl.ugﬂ‘ﬁ' 6 wuinlriAs e lisINdAAMUA UL
fegegaiadogeninldldviadu (124.05 MPa uaz
118.14 MPa n1ugddv) lelgefianadeuiunans
(107.35 MPa) dlsdgnuaglsnsdianadesniilili
$inBU (91.49 MPa waz 76.83 MPa n1ua1diu) dau
wamﬁLU%'&J“uLﬁ&mﬂ'mamé’mmmmﬁmqﬁqmLa?{&ﬂ,u

sUN 7 wunbillennuiadainnuauniusientey

Y 9

13

AL uNIuLslnduietnndnwazni
meanvaadule (Fiber) voslilifiZoadianiuuun
gwasasulaeiilifinisBeesiilununsad vilnde
IgFuusesalunuiuny dulpvondelfaviianising
19 (Bulking) wazidenieldine Faa1nwanas
Wsuitsunuinvialaides Wdan Tisan waglsien I
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GPa uay 7.02 GPa aua16v)
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Fu uenanierainainnisiileldlvinionfu
anafitidudug fidwareautfidenawnneaiule
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[ U9vgn dedmun wazssd 0179, “A1Y
nanuaneviianaznslduselovdlilulszine
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SAMITYRiNdY, 2557, Wi 19-27.

[3] Liese, W., “ The Structure of Bamboo in
Relation to its Properties and Utilization” .
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Symposium on Industrial use of Bamboo,
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Feleun dvdnaanioulomsvitle Teun Qquﬁmaqm?aqﬁ%ﬁmb qmmﬁm?mizma uay BnSnavaszUse
Sudamed ldun sasrdruiuiinindnuesnenenidntuiosay (Area ratio, AR) warsnsnaufiuiviingauin
NLONNUADABATBINIAN (Area of throat ratio, ATR) InedAnwisiesyidouisnaransnisivaldsanuio
(Computational Fluid Dynamics, CFD) 219U un15An®192875 Central Composite Design (CCD) wag#i1n1s
'3miwﬁmamaqﬂﬁammLméﬂﬁu Rodnsaun1swiieni (Entrainment ratio, Rm) WAZAUAUNIIDBNINGA
(Critical back pressure, CBP) wasdiinnas Fre3zuuulasesnaiui (Response Surface Methodology, RSM)
\ievaun1sannay (Regression equation) MNNANITANY WU dn1EMInULaz3Us1vedidamesll

v
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model) fiammmngeu Tnefisziuaudiotui 95% usetdlsinu Aenudunesningadiladadianlsauy
nnsneaesegidnieamsiziinateUedeilildfasanluns@ineil

a &

AdAgy: Bildawes BlAsaseaiuiy ssuurhanuduluudidanesilile ssuuhanudy

ABSTRACT

This study is to investigate the effect of variously important parameters on an ejector
performance in steam ejector refrigeration system. The parameters are the operating conditions which
are boiler and evaporator temperature and ejector geometries which are area ratio (AR) and area of
throat ratio (ATR). Computational fluid dynamics (CFD) is employed to examine such effects with
statistical research matrix design called Central Composite Design (CCD). The regression equation of
relationships between parameter and ejector performance being entrainment ratio (Rm) and critical
back pressure (CBP) are determined by using the response surface methodology (RSM). From simulation
results, RSM analysis indicates that the operating conditions and ejector geometries have the significant
effect on ejector performances. Furthermore, the quadratic model being properly with reliability above
95%. However, critical back pressure values given from the regression is slightly deviated because some

parameters are not considered in this study.

Keyword: Ejector, Response surface methodology, Stream ejector refrigeration system, Refrigeration
system.
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ANIEULUUAANeSUANIAITUT 1 AnuFeurzgn
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Jauduasoaruiinle (boiler) Lieduarsyinanudu
Tidenudinareidulousedugs learsviaauiiud

Y a a 5 & a 1

aggndoutnsilamesiluaisugugil uazlvaniy
#23a (nozzle) nalAnusiaAlanuaun1niely
3idanes vinldarsnfegiianniaiesszive
(evaporator) azgninilgniidmauiuasugugil

IAUAUYDILATBITE maaﬂamasmsﬁwmwmﬁu

delufaaseanruuiu (condenser) tiloAeA1uTaY
sangddwindeu fasesniuuiuiiansianuduas

AUBLUNANEL UYWAY NAIINTY d1591AY

=

Buusdmargniunduludanedossuiale luvmed
ansvmrududnuiidetueglvaiuduannnudu
(expansion valve) Lﬁﬁlﬂquﬂ%‘lmixmwiabl‘lJ
NNNANNIIHIIUTTUUR AN UL U
3 3ammes fefinalugentieiuun asdiuladn 3i5a
wesiluailouilavesssuu aussaurvediiames
JrdanaseausTaurYeIsEUUlnenss Tetlaussaus
yIeANaNsaluNsuvetiaweslussuuyi
arubuiiuszyfsassmiadnesfdidy Toun

gns1d@1un15Le11 (Entrainment ratio, Rm) @9
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Wudnsdiudnsinisivavesansnfonlseans
Uguadl Aaunisn (1) wagauaunIeanings

(Critical back pressure, CBP) Faduanuduniesn

a

198dAnesgeanfignstdiunisiniiortives
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mMavhnularngUiwedilinnes

Low grade heat

Boiler

Pump
Ejector

Expansion

Rejected heat valve

Evaporator

Refrigeration

Effective area

Secondary
fluid

Diffuser

Mixing chamber Throat

JUT 1 szuuvhenufuluudidawmesuas

Aaudnvaznsinaruludidamnes

5 mass flow rate of secondary fluid
m —

mass flow rate of primary fluid
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(Idea gas model) @5193Us1vBtUUUTIRDBITAWES
SnuasLUUALLIRTIULLILAL (axis-symmetry) 7T
n3ngUssdindsy uazdrassnituduloudie
LUUD1889 k-8 model
Tun1svinssrasansinaludidemesaie CFD

vielvns1uensid@lunisiuilenin (Entrainment
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ratio, Rm) kagAIUAUNIIBaNINge (Critical back
pressure, CBP) Jufunaiiiinainnisiudsunlas
dnzmavihnularsUIwediiawmes Feunves
viovhanuazdiiamesidutedofususreiiinade
AUsIaULMITINNUTeiawmeilnenss luns@nw
Hlaimunsnsdiuiididyaecaiie snsidau
Huinidnussnenenidnrefoina (AR) uaz
Snsduiiufinihdaunnssendenonanvewiidn
(ATR) Fadeudaaunisd (2) uag (3) augidu wie

AMSANYINISURLUMUAIDNITNFEIUNIEDY FLAAUA b

P

uiugudiineaen (0,) AA1ATINTY 2 mm uag
ungUINluLIENTAAT (Fagui 2) 1Wuideat
nnnsdl wielinsiuasuwlasusiivesdidamesiu

nsanwegluveuiuniiviiauld

Af
AR=—L 2
Aﬂ
Aex
ATR = —= (3)
A

Pressure inlet 135 mimy 125 mm
T T
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Tnef
A, fin Nufnihdnnomandidanes
A, Ao Nuivthdnnonanian

Ay, AR NUTIMNAAUINNBBNYDIIER

3. N199RNUUUNITNAADY
nsanetladefiieadestunisiiauesdiia
wosluszuuinanulbunuudidawmes Tneldnns
1N UN1TANYILUY Central Composite Design
(CCD) Bsdidhuus 4 dlunsfnw Ae gamgiives

wiasnuilale (7,) aamgiliasessene (T,) Sndu

¥ '
A

NUNNUIAAVBIADABATIAANUNBINAN (AR) hay
INF1EUNUNMUNIAAUINN19DBNAUADABAVBINIAN
(ATR) fviunsesuvasdadelunis@nuwieandu 3

1%

536U o A QREMIBEEN Fauwanslumsed 2 Fale
doulunisAuaianun 30 nsd ¥n1siasizi
ﬁa%’aﬁﬁmasﬁmmzi']ﬂy’wiaé“mwdauﬂﬁmﬁmﬁw
(Rm) wagAUAUNIIeBNInge (CBP) wazinsien
nafildresudouisneadfuuunevausanuulas
ﬁﬂﬁﬁlua’g (Response surface methodology, RSM)
IATITRNTANNDY (Regression analysis) kagA3IU
wUsUs2U (ANOVA) Tafdusunaaouaiuidedigy

aIANUANNUSTEUINaNURIwarUadelusyauaw

35 mm, 180 mm | Pressure
T T

o

50 mm

\ 16 mm

- tlet
\\ ou

24 mm A

40 mm

Im

35 mm

JUT 2 sUeBlamasuazifildlunisfing
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JUIN WUUENINATILLWILAY (axis-symmetry)
A159197U latndue?

LUUDIADIAINUAU LY

wAaIUANIN (Ideal gas model)

wuuTaasanudutiu

k- model

FUAVIUINNIBTIIDARAL DLSALMDST

Pressure inlet

YAYDULIAN9DBNDLIALADS

Pressure outlet

Near wall function

Standard near wall function

A9 2 SEAUVRIUITY

L SEeU ¥
Fauysoase - -
M| nane | @ | e | nane | oaa
T, (°O) 5 10 15 -1 0 1
T, (°O) 110 130 150 | -1 0 1
AR 70 95 120 | -1 0 1
ATR 10 17.5 25 -1 0 1

Worlu 95% lneviualszananalulsunsudnsagy

Design-Expert® version 7

4. WANSANYILAZAUNITANNDY
4.1 gUUUUN NaDAUAZaNN 170NN
PMANaN1TANEITIanInIsinavesdilinmesiy
szuuiAILEudae CFD nansenuvesiladeia 4
og9ldun gunpiivesniesiuiale (1) gamgd

LATITELNY (T,) 8MTIEIUNUNUUIFRTDIABABN

A v o

PIRANUNDINAN (AR) KALDNSIFIUNUNUTAAUIN

Y ]

711998NNUABABAYBINIRA (ATR) NLMABnIIdIU

mswlledt (Rm) wagausuneeanings (CBP)

nundlanumnzaulunisasisnuduiuslu
sUMUUBdulAY (Quadratic model) Aauandlu
MI5197 3 LHOW1TUIAINAT p-value NTEAU

ARSI 95% WUIIAT p-value YBIUAAEFULUH

ANUBEAI1 0.05 (1AU 0.0001 Kag 0.002) Laye

p-value ¥99nN139A&BY lack of fit HAMINNT1 0.05

a

(@Avirdu 0.1135 uag 0.1731) Feuanliingy
LUUINABINITOANBYNIBANUTUN USRS AL

wingauiudeyauazaunsaveusuls wenaintua

wiulddnArduusgansdaninun (R) vedusias
sUsuuiiangalndiAes 1 gadunisduduldiiug

U

sUuuunsanneefliuguwuuiivuean
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A15197 3 NANTTIATIEASULUUNNEDRLATAUNITOND DY

Y

Model

Response

Regression

RZ

P-value

model

P-value
lack of
fit

Quadratic

Rm

= - 063181 - 00184XT, + 000397XT,
+ 0.019705X AR
+ 0006858 X ATR + 0.00047 XT, XT,
+ 0000126 XT, XAR
+000022XT, X ATR - 0000091XT, X AR
+ 0.0000465X T, X ATR
-+ 0.0000172X ARX ATR

- 0.00271XT." - 0.000019X T’

- 0000034 XAR" - 0.00043XATR’

0.90

0.0001

0.1135

Quadratic

CBP

= +58099 - 014106XT, - Q074X T,
- 000516XAR - 012105XATR
+ Q001869 XT, XT. - Q00127 XT, XAR
+ Q00ABEXT, X ATR - 000042X T, X AR
+ 0001226 XT, XATR - 000LIXARXATR

+ 000281XT” +0000401XT"

+ 0000501 X AR + 0001258 X ATR

0.87

0.0002

0.1731

140.00

120.00 -

110.00

CBP (kPa)

140.00

120.00 |

5.00

110.00

7.50 8.75 10.00 5.00

Te (o)

Te (0O

JUN 3 BvEnavesgunginmadiniiveanssaugveddilemes

10.00
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25.00

21.25

13.75

Rm

42

T I
2.50 95.00

10.00
70.

D.33
o
—17.50
<€

0.33]

00 8

T
1

107.50 20.00

AR
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CBP (kPa)
2500

21.25

ATR

17.50

D

13.75

10.00 0 . /
7 825 95 1075 120

JUT 4 BvEnavesdnsdnugUiiineaussaurveddnmes

4.2 Snswavesoulumoiuidneaussouy

vesdiinnes

4.2.1 gamgdimadniaesesdisames

SvBnavesguunliiniadiiddeanssousves
Siimmasuanafisguil 3 TnsdAnwiiigusisdidames
AsTl AR WU 95 uag ATR AU 17.5 wud1 N
Lﬁuqmmﬁmaam%ﬁsmaga?gu (T.) Ain Rm uaz
Audy CBP fuunliufiavgedu vaeiinsidiu

gaumpilveunsasiuiale (7,) duwali CBP Hangstu

v
a =

W Rm azanas wAnssuvesdiiamasiiniul
aenndesiunaniIsAnu fiiiuin Ssilanngainnns
a@awaaﬁuﬁﬂszam%maLﬁ'ammﬁum%qmwgﬁmaq
widnaruiialogatu [1,4,6,11]

4.2.2 Shsrdauiuivesgussiianes

3n3war0s AR uaz ATR vesadniidnane
aussaurresBLianosuansiaguil ¢ Tnsuaniwansdl
7 T, wirfu 10°C waz T, wirfu 130°C wuiinig
Wisun AR vesBidames agvivli Rm Suunltuves
Agetuliiosnnuinnenanvesdiiamesilvgtu
ylaunsagaansnigivesdidamosidunni u

A1 CBP Azanadlutau1eAneuiagnaulngawunsl

YA ATR vusfin1siiisaunn ATR azvilviean CBP i
wunlugedu iflesann maveneUnmseensideli
Tnduvinlinisvenefmesarsugunidaunntunay
Wnnswauivansnionglvediiameslad luuudy
YDIVBINANTITAWIN UHA1 Rm azanadlugisunean
rouflagndungetunuvaes ATR ifedaunnd
AUENTUSYEI AR waz ATR fidsodussous D
Bamesiulidudnvardaduussiiaiiild 3
Waweslaussouzated dutn dregradu (lunsd
YosHaAnYIH) A1 Rm agildngeUszann 0.44 e AR
1A198581I19 110-120 Uag ATR 18838109
13 - 25 yauz?l CBP MazgaUszanas 2.2 kPa Lile AR
1A19g5enINe 110-120 wag ATR HA10g58MINe 21 -
25 §a%1n AR uaz ATR fldntesnindreiitnunil
33rmasraussauzanas uiagalsinuagaed
wansiituegiudeulvguuniniudrvesdieines
e

faiifitadudusuiednunrvesd Sanesilld
farsanlunsinend wiludinsuiuiiniinase
aussouzvesdiianes @natosnin AR waz ATR 7

Yndinw) 1wy Anuevediinnesunastie yu
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Tali By

A1319 4 Wisuifisunavesruduiusluguuuuidadulisiunsnaaeuasuuuinasinsivavesdiiames

Tunienia
1-D RSM

T, T,

. . AR ATR CBP CBP CBP
(°O (°O Rm Rm Rm

(kPa) (kPa) (kPa)

75 130 | 90.25 | 4517 | 029" | 45" | 0.19 5.1 0.3 1.7
75 130 | 1249 | 9.391 | 042" | 35" | 057 3.9 0.53 2.8
75 | 140 | 1249 | 9.391 | 029* | 45" | 0.32 4.9 0.31 29
75 150 | 1249 | 9.391 | 0.19" | 58" | 0.21 6.2 0.22 3.1
10 130 | 90.25 | 5.641 | 0358 | 52° | 0.32 5.3 0.33 1.8
10 120 | 90.25 | 5641 | 049 | 37% | 0.36 4.0 0.37 1.7
10 140 | 90.25 | 5641 | 027° | 65° | 0.29 6.8 0.27 2.1

5 130 | 90.25 | 5641 | 0.28° | 48 | 027 5.1 0.32 1.5

"Ruangtrakoon et al. [10]

8Chunnanond et al. [11]

5. N1SNAEBUANNTISISADUAUBILUUIATISNS
Wufin
AuANTusTusUL UL LdulA (Quadratic
model) umnuduiusiildainnissrassnisivaly

a a s A o A ' =4
CFD ‘ZJEN’e]L‘i]ﬂLﬁl’t’]iL‘WE]M’]ﬁiJiiﬂungNE]u‘l‘UmN‘] RN

i a

nnsinefiuaniiiesesdlefld@nudninaves
Haduanaqiifide Rm way CBP vosdiimined 2
Usstan loun nsvinisneaesiagiiasisyimguliu
AUNITNIAEAAIAAT TI015097 4 wAnenIs
Wiguisunavesanuduiusluguuuuidadules
9nmsAnwifunanisnaaswes Ruangtrakoon
warAy [10] way Chunnanond wagAeg [11] Lay
HAIINLUUIIAeINTaesdiianesTunidifves
Keenan wazA®is [2-3] Wu31 A1 Rm Aildaan
auduusiialngdiAssduienisnaassnas

LUUINADINANAANENS VeurINavDe CBP Wudlan

A149INHAVDINITNAADILAYULUUIIADINS
adinransAoudann esarnnissiass CFD lalé
ﬁmswmsqmtﬁamﬂLmLﬁammuﬁmﬁwmmﬂwa
Tudideumod uenanniifididy d¥adedugusna
Snwazvedidamesildldfionsanlumsanwi us
Jufinsuiuiiniinaseaussouzvesdidamnes wu
AVINENITDBAANBUAREY YU uAzgRaNTB
didanes Wudu Fuhlildanudtusilinsouagu
Hasomaniy feduilerinisiisudisuiunis
vaaesfitAtasumaniuantrsnsinuil nailass
uansnafuegunn dsluns@nulusgiudeludniy

HINNTUUIT8LAT

6. ayunansfneuasdalauawuy
1NNI5ANINTITINARINSaludidnnasee

= a a o Ao i a g s
CFD oavsnaladuNinan oaussnusuidlinmes
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AOUALBILUUIATIINY WievaunsveInuduTLS
Anwdvsnavestadeiinanoaussouzvasdidamnes

wazyINMIUSBULTBUAUMINAABILAZIUUIIADINTS

a =

Ivavesdidnmesluvilslid Jsanunsnagunanising
uazdeiausuuldfutelud

1) msAnwildaunmsanuduiuslusuuuus
dildaduguuvuimnzay vesgumgivesades

Anfinle (T) aaungiinTessvine (T) ns1d7u

¥ '
A a

NUNNLIFAVDIADADANIAAN U DINEN (AR) WAy
Snsnduituiintdnuinneeeniunenenvesidn
(ATR) fusnsidiunisudenin (Rm) wazaausy
neeeningy (CBP) vodlinmes

2) ﬁﬁJﬂ’lﬁm’mﬁ’uﬁ’uﬁ{IugﬂLLUUL%QLﬁuIﬁJﬁlﬁR]Wﬂ
msdn dernsdeudisuiunanismeasiuay
wuushassnslnaluniledia e Am AlndlAes sausdi
A1 CBP fnanaudeing ieswiniinaredladedilals
NsauntunsAne

3) ﬁﬁJﬂ’lﬁm’mﬁ’uﬁ’uﬁ{IugﬂLLUUL%QLﬁuIﬁJﬁlﬁR]Wﬂ
nsAnwaziivssleviluiesmasnisanailunig
Ussiliuaussouzvesdidamedidowulnsamenism
A1 Rm

4) nsanwluseaudalsnluardesiansan
Hadusuguine duq vosdidawmes 1wy amnueves
3udAmasusazyn uuguavgeonvediimmes 1y
fu LﬁamiU%’Uﬂqqammimmﬁuﬁuﬁ‘ﬁiﬁmﬂ RSM

v CFD Tignaeausiugranngu
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yudesiaulsinnliiduspadudmiviinitundoduannszuaunsdanddans shnsfnwma
Uhinasgaduiararudududssureniviundeisu lnsnmaassiuuiund wuissaiiaudugudvesu
SovsauusiiAiniu pH 1.6 nsifinSuamudeesauUskazanududusuduidundedu duarliies
agmIgaduuazamannsalunsgatuiingu mudidu auansalumagaduidundeu feun
flanuiniu 501.7 fadnfudensu iieldvudosdauususinn 5.0 nu uazanududududurenitundefy

49,797 fladnTusiedns aunan1sgaduasnnaeiuaun1ThauilefunNINauNTNIUAY N1sgaduudsaTe

USums 1 ans Wikasesay 100 ToudesnnulsuSuias 0.24 n5u

v
o w ! [

AdRey: NM3andu uuraedy udeurawUs waules

ABSTRACT
The modified sugarcane bagasse was used as an adsorbent for eliminate of cutting fluid from
turning process. The effects of mass of adsorbent and initial concentration of cutting fluid were
thoroughly investigated in batch adsorption systems. It was found that the point of zero charge of
modified sugarcane bagasse was pH 1.6. Increasing in mass of adsorbents and initial cutting fluid
concentrations increased the percent adsorption and adsorption capacity, respectively. The highest
adsorption capacity, 501.7 mg/ g, was obtained at 5.0 ¢ and 49,797 mg/ L for mass of modified

sugarcane bagasse and initial concentration of cutting fluid, respectively. The Langmuir adsorption
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was rather fitted for describing the isotherm than Freundlich model. Batch designs of modified

sugarcane bagasse for removal 100% of tumning process wastewater amount 1 L was 0.24 ¢.

Keyword: Adsorption, Cutting Fluid, Modified Sugarcane Bagasse, Langmuir.
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Wie Yuseuiansous TN IMeIU g
Wunzunssluoulugeu (Binder; Model FD 53) 7

aunndl 120 asawwadea Lunan 3 e laenu

9 Y

1% v

Sapauud (SB) anturvudeseuurauIunm 30
AU W1vin1saaldsaunsaneaneasn (H,P0, AR
Grade, Ajax Finechem) a21utdudu 2.0 luans
U 500 gnurafieudiuns naulagldiaiosniu
(IKA; Model: RW 16) #in11u152 500 sousound 1fu
nan 6 49lue nsedlasldnszatensenued 1

(Whatman) t1lusnnwaaliwraduinal 3 u la

v
LY v o

udassawls (MSB) T dusnaduiinunasiiu

U

a 4

YUBDLUALYIUTRLANKYT UINIATIANUTUINT]
Ny ﬁuﬁﬁaﬁuwwuawmmgwqu (BET Japan;
Model: BELSORP-mini) wuiiu3uinsgngu fudii
TUNILUALVUIATNTY VDIV IURuTA UMY
5.17x10° gnuiAnlaufunsiensy 5.15x107 #1319
WRSEENSY waz 40.12 wiluwns mudeu Tuvaed
Yrudeudaulsianiidu 3.53x10° gnuian
WURLLATABNTU 6.47x107 ANTIUATADNSY WA
218.21 WluuAs MUAIU

1.2 mswSenhduaad

Yifumaeduainusem Rifle Brand Trade Mark
wnsadsnnavd (daulunssuiunisiandslany
Wall) Wurdenautn neunsldnuduvounadd

1e1a denuniavanitey Wiunauiiwazniulag
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\A3penIuiA11g) 1,000 seudeund Wunan 10
Wt waitaliUszan 15 widt ditelvlasenniamely
ihifundeuilldaregludnumediiatu fdvngu 1
Feoesahunnanivinaluladismnssueiona
Iersemalulaggnaivnssy uninedemalulad

a

NLARUNENTEUATINTD Auvwdutunaedu J

]

Fenady auaradutinturaedu JddUuen &

neusnvesifunasdulasindesss uandlugud

\ Yiunas DRIEERN

JUT 1 nvagvenhduvaedulasindess

1.3 msmuszeiidadugud

ﬂizﬁ;ﬁﬁ?lﬂuﬁ]uﬁ (Point of zero charge, pHpzc)
fufiunislneds pH-drift method [12] Wilngldin
UsiAainleseou wisnaisazarelgiiounaslsn
(NaCl, AR Grade, BDH) A318Ltdu9u 0.01 Tuais 1
arsazargloifvuaaslinusuin 100 gnulen
wuwng Uiuanudunsa-ua Tieglugaesewing
pH 3.0-12.0 Ared@1sazatunsalunin (HNO,, AR
Grade, J.T.Baker) wavansazaslaifeulonsonlan
(NaOH, AR Grade, BDH) Aududy 0.1 luans 3
Adunsa-lua lngld pH dwes (Eutech; Model
pH 510) 1Nv1Ud08uLa I U DERALUTUINIM 0.2
n$u ldasluvinguvun Uauanvangurusluaiin
Prlumgsasia3onatn (UMAC Scientific; Model
UM-S60) fin111157 120 seusiaunit 14iaan 48
#1lus nsoedagaduoen Yaanudunsn-ua
AendeaInnisiegndnade andutiunieu

ANuduusszniInennudunsa-ualsudu (pH,)
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wazamdunse-luagaving (pH) tneUszqinadu
audvasiigasumldaniduanufunsa-tuasusy
wazaudunsa-Luagniing dnfuidunsie sy

L4 wavsuaiigasy

19U pULALYIUDREAALUSUS N 2.0, 2.5,
3.0, 3.5, 4.0, 4.5 uag 5.0 n3u ldluvinguvuyivuin
250 gnurAfisuRms Wstiduvdesuaududy
Sudu 49,797 fadnusedns Usuia 100 anuInd
wufung adduringueny 9ndugl fanus,
120 sousiowdl tneldiian 300 unil InAdududy
vosintundeifuilngde faeSpectrophotometer
(UV-VIS Spectrophotometer, Thermo electron,
Model: Spectronic Genesys 20) T PRFERELE
395 Wl WIHAINAINTTAANT UL LB URU
nsmiasgu suduarnududuresidundefui
Wiianenaansgadu AuIsyarn1sgatuaiyl

aumsi (1)

Percent adsorption = X 100 (1)

Wa C, nunedennududusuduintunasiiy
@adnsuredns) wag C. MuEIANULTNT UL
waelunanzauna @adnsusiedns)

1.5 WaAITuTusS s uYashiuaaidiv

ivudeedanlsusuiu 5.0 nfu ldluvingy

I a T o ' < Yy v oa v
yuy aduvdasiduainududuiiuau 9,996,
18,500, 41,408 uag 49,797 ladnsuneansusuie
100 gnurAfiwusiuns astuvinguyuy diluivgn
PELATOAUVEINAINUSY 120 SaURDUNT LAUFBEN
udunaaiduiiwiosgauditiafinivue tiunin
ANULUNTUAIBLATDY Spectronic 21 AIRINETIATY
395 s AuANansalunsgadulidiy

& a'
NADLEY MINANNITN (2)
(C,—CI%XV

q = —— 2
W

29

Wo g vunedernuaunsalunisgeduiigdy
wasduinaile q @adnsusensu) C, nuedminy
Wududunasifuiiviaile o @adnsudedns) v

= 1a Y & A =
PUWIUIUIATUNUNADIEUN (BAT) way W Buneag

USunaurussesnwls (nSu)
2. HANISNNABILATIITUNANISNAADY

Uszginnduaud mnefarimiudunsa-iua 7
yilvUszqiRavessngaduiiAdunans wieuszqsau
fiflandugud Weanudunsa-a fddesnin
Uszqiinandugud Uszefimvesingaduazdaniy

. «

van lunnsedudiu Wemnudunsa-tua dan

[

W NN nRnTuaud wansinUsealiiavewing

q U q

Fulanwduau [13]

@ =

Usganinduaudvesiigadunansdegud

9 U U
<

wuiudesuazudesiaulsiiusya i dugud
WiInu pH 4.6 way 1.6 AUAIRU BIUDREARLUTH
Uszafinudugudfinmdunsa-ua mnivudes
aSureladnmudesdauusiinnududszquan
unnInudes esanilelasiulessuvesnsa

WoanaInUINILBgUTIURINUREAALUS

12

0 2 4 6 8 10 12|
pHi

a

gﬂﬁ 2 Uisqﬁmﬂuﬂuémaa: 1 SB uaz [1 MSB

Y

o

2.2 Hayssnaligatu
Sovaznsgaduindunastiunnudududusiu
49,797 Iadn3urefing Y09 1UDLUALYIUBRUAN

wUs Usun 2.0-5.0 nSu wanslugui 3 wudag
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ANTAUAR YIUBBLATYIUDREAARUTINTRATY
dsiunaefuinfudesas 2.0-11.9 uar 31.2-98.1
mudiy Mmsfuiinamgeduinasilifesazns
Qm’fmﬁuqnﬁu Lﬁaqmﬂﬁa@m%’uﬁﬁuﬁﬁﬂuma@m%’u
untu Gsaenadesiunisliiiunaugaduiden
Indigo Carmine [14] ¥1uspgaauUsUTUIU 5.0 nTu
ﬁ%a&Jazmi@m%uﬁwﬁuwda@umnﬁqm gedieTonay
98.1 fafuiudenldviusessnulsusunasing

MMNsANYINEAUT LT WS LA UYL A DL

100 4
00 SB and [
80 4

60

40 4

% Adsorption

20 4

2.0 2.5 3.0 35 4.0 4.5 5.0
Adsorbent (g)

U7 3 Seraznisgaduihdunasifuvesingadu

udesluTinannsssuyd Ivyilsidundn
launlaasenda (Hydroxyl, OH) [10] ¥1udeegadu
Y] i I 12 2 v =
Undundeidulaludszuianindes 1e931n

lalasiaulosauiiiivesviudesidviuutey gadu

|

Wdunaeidunivszanauduau (7] lalulsuaudes

'
a

TuvusNvuvesnnwUsiilalnsiauloaauniausunn

v
[

Lﬁuqqfﬁu GﬁnLﬂumauW’mmw‘hﬂﬁﬁ%mmmﬂ
Waaain ﬁqmmm@m%’uﬁﬂﬁuwdaLﬁuﬁﬁﬂﬁxﬁ;ﬁﬁu
Fuavldluviinunnn UiATenmsgaduiiifunde
Wy (CF) 99391uday (SB-OH) wazyudosdnuys

(SB-OH,") Teuldsaunsdi (3-5)

SB-OH + CF == SB-OH//(CF) (3)
SB-OH + H" == SB-OH," (4)
SB-OH," + CF == SB-OH,"-(CF) (5)
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2.3 HAAIMTUTUS U UYRI A e
NANISNARBIUNYIUDBYAALUSUSHI 5.0 NSU

aadutnTunasLduaNTuTUSUAY 9,996, 18,500,

Y

41,408 way 49,797 AaanSUNeanS meé’qgﬂﬁ aq
WUI1TuY29 30 ufiusn v1udeuaalUsd
mmmmmhmﬁ@jm%“uﬁwﬁwdaLéuLﬁmﬁuvLﬁath
59AL57 Mé’dmmfummmmm‘[.ummm%’uLﬁmlﬁ%’ﬂ
ad Iﬂaﬁauqaﬂﬁ@mﬁuﬁwﬁwdaLéuLﬁm%‘uﬁnm qs,
90, 180 Way 210 W% MUa1AU AAuaINITaly
mi@m%ﬁﬂﬁuwdwﬁumﬁu 177.8, 306.1, 455.8
waz 501.7 fadnfudondu aud1du n1siiuay

Wuduveahfunasdulinavinlvnnuaiuisalunis

AATUUITUraaL UL NNTY Li19991n Latfiuady

Y

WuduvesTunaadulinayinlminnnuwnngig

£ Y

AN UTUVRIUNTUN A B UN RV IR AR U

Y
av o Y o g . = &
UAYU (umuwaawﬂum, Oil in water) bNHEIYU

\nLsananau (Driving force) AinnTu \unavinla

2 a

mmmmmiumigm%’uﬁ’lﬁuwéaL&Jumeqﬁu Na

nMsnaaedflnaennaediuinsd AnAn1ns wazaAny

v
& o

Anwmsldauseduaseigaduintuvaeidu [9]

600

500

400 1

300 1

qt (mg/g)

200

100

0

T T T T T T T T T ]
0 30 60 90 120 150 180 210 240 270 30
Time (min)

E‘Llﬁ q mmmmﬁiﬂumiam%uﬁﬂﬁu%a'aLﬁuﬁmm
e usudY: 9,996, 118,500, [ 41,408, [
49,797 mg/L taz [ Unduass (27,787 me/L)

HansldvudeuawUsUSIIN 5.0 NTU gaduin
duaseannsrurunisaanidans wanddusun 4
NUINTUGIS 30 WA wSn Y1uDRYAALUS

Aua1unsatun1saaduddeaTauvindu 278.4
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fiadnfusleniu ndnnduanuannsolunisgady
Anldd1as aunanisgaduiiatuiing 90 uni i
Auansalunsgaduriiu 392.4 Tadnsusensu
2.4 FuRANITYATY
lelginaunisgaduldeSureanuduniussening
aruduturosituvdesuiivdoegflaniizauna
ﬁ’ummmmﬁﬂumﬁ@@%’uﬁﬂﬁwdaLﬁuﬁuawmﬁaﬂ
finuds figaumaiiac lelomennisgaduuazaunis
Wunssnisgaduuvuuaades Weulddsaunsi (6)

wag (7) anuanau [15]

C
o = (©)
“14K.C
C. K 1
= C.+— (7
qe,exp am,L am L

119 Geent vmwﬁdmmmmmiumi@m%’u'17'i
annzaugadiliainnisduin @adnfusonsu)
oo MNBAIANUAMSALUNNI AT UTIAN N ALAA
Aldarnn1smaaes @adnfuseniu) a,  vuneis
Arpsfinuunanies Ensnensy) way K vuieda
AasTimsgadunuuLadios Enssofiadniu)

thaunsil (7) iBeunsmidunss uanslugud
5 (n) nudwudesdauusgaduiitundefu fid
Fuuseavsanduins (R) wiriu 0.9968 A1uanuAn
am L %8y K Lindu 0.22 @aseensu waz 0.0004
dnsrefiadndu muadeu fawansluansnad 1

nsalldaunisnisgadunuuuanies Als
A dadereinisuen nieadiuUsfiianiny
d u n a (Separation factor or equilibrium
parameter, R,) %éa%l,‘i‘]uﬁwaﬂguiwwaﬂawmam
Jaenndevseliaenndesiunisaadu Jadeves

MswenAuInlaanaunis (8) [16]

31

wailsannsiuaedadeveiniswenaiunse
osuneldsed wle R. > 1 #u19fe Unfavorable %1n
R, = 1 weds Linear Tuvausdi R, fregsening 0-
1 U188y Favorable hag R = 0 Wu18d
Irriversible

lelgmeaunispadunaraunisidunsinisgady
wuunguRy Weulddsaunsi (9) uas (10) Auddy

[17]

qe,cal = K Cl/h (9)

F~e
1

logq, ., =—logC_ +logk,  (10)
n

e K. nunefedinafive s gufy wansis
Auaisalunisgady @adnsudensu)@nsee
fadn$u)"" wag n mnedsAnsiveagude fesune
faanududuvesnsgadu (lifiviae)

aunnsil (10) WevaiTeunsmidunsauansly
Ut 5 () nudmudesdauusgadutiiundeldu 3
AdudsyAvSanduinsiiafy 0.9636 Autmaine
Ke waz 1/n loindu 21.43 Hadnsumnensu)@nsae
fadn31)"" wag 0.31 mudiy dauandlumsnei 1

ANUgnAssvesloleinouiatsanaIna The
sum of the squares of the errors (SSE) wag Chi-
square ( ¥ ) Waulddsannsi (1) waz (12)

ANaRU [18]

SSE= Z(qml —q,..) (11)

2 (qeex _qeca)
=y (1))

AUIMAT SSE thay Chi-square U99aUNITLAY
WesiiavinAu 748.38 wag 2.03 auanau Tuvugi

AU INIUATHANYINTU 1835.24 uay 6.26 MUANU



32

fawanalunis199 1 luvgmelnuauaiuisaly
nsgaduiiaunlianaunisualissinlnglAes

AUHANIINAABININATIIAIUIUIINAUNITNIUAY

1Y

wandlugun 6 deluaunsaesuieladn n1sgadu

@ a

Nnduanusafsgamanil lanadignaadugain

Y
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o ¥ o a

RIAIAATULAATULUUTULAE [19] HANITAIUIUAN

Y

Jaduvasniswen wWalvauniswaies wuin daeg

U

Tua9 0 89 1 wanalidiuln vudesdanUsaiunse

Annsgaduiuinsiunaeiduliaie

50 4

y =0.0019x + 4.5458

40 4 R’ =0.9968

0 10,000 20,000 30,000

C. (mg/L)

logqe

3.0 4

2.8 4

2.6 4

N ¥y =0.3136x + 1.3311]
2.4 1 R’ = 0.9636

2.2 4

2.0 T T ]
2.0 3.0 4.0 5.0

log C.

U7 5 lelmmaunisgaduindunaafuvesmudesinuys: (n) waudles uaz (v) Wumy

M5 1 Armsiileleineunisgaduluunauilesuasnusey

Freundlich isotherm

Concentration Qer exp Langmuir isotherm
(mg/L) Am, L K SSE 7 Rl Qer cal /n Ke SSE 7 Ter cal
9,996 177.8 0.19 166.3 193.0
18,500 306.1 0.12 300.9 269.2
0.22 0.0004 74838  2.03 0.31 21.43 1835.24 6.26
41,408 455.8 0.06 466.4 467.9
49,797 501.7 0.05 479.9 511.4

600 -

400 4

@ (mg/g)

200 4

15000 20000 25000 3000

C. (mg/L)

0 5000 10000

Uit 6 lelmmeunspaduindundeifuresyudon
anuds: [ nan1sneaes [ aunisuaddes wag [
AUNTNTUAY

foyaanlelewmeunisgaduihunldnudnads

dmiunisesnuuunsruiunsgaduiuuiung lng

€

o A a o [ 4

Undeasaiinesnismanlddydnual V wazalu
duduSudurenindeeiedigossidaiidiann ¢,
i3 ¢, W M dudsunadigedu aanwaiusatunis
andutiAsIsuiugeduan o, fa g, nszUIUNIRR
Fuludraiudulddgadulng 1unald q, = 0
Tuvaugiinszuiumsgaduiaadiiunised fagnge
Fuitegludatuindouiininizeguuiamiidagady
aunauIavRINITUIUNIAAdULaualag Vadivelan
wag Vasanth Kumar [20] Weulédsaunisil (13)

V(C, —C,) =M(qg, —q,) = Mq, (13)
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Wensyuunsgeduegluanneauns Weuldn

aunsii (1)
C,—>C_ andq, —>q, (14)

nsgaduldeITsdmIurugedaws e
lelomennisgadunuunandissunldesuiy delu
aun1sn (13) Yagulnduazuny g, Mmeauni1si (6)

FeulmileSuaunisi (15)

M (C,—C)  (,—C)
0.22C,

(15)

\/ qe,cal - ¢
14 0.0004C

aunsdl (15) danlddamusinadigadud
dodlddmsunisidatndsats dauandlugud 7
wuidledesmsidmingeasidesas 100 Usuns
1-8 ans sasldvusssanulsusunm 0.24-1.92 n3u
arudy Fadulsuadidgesuindimiunisiida

ANDIGEREN

2.0 4

MSB (g)

0.8 4

0.4 4

0.0

Waste water (L)

JUN 7 YsnmsundeasaiuUiinanudesiaulsn
Aesn1smansesas: (1 20, [ 40, [ 60, o 80 Ua
[] 100

maTeuifisuanuansalunisgadunasSoe
avnsgaduiniuvdedulaeliTagmainmateving

LEASLUANT 19N 2
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1Y o ' <

M1599 2 nsgaduiniundsiiuaindigadu

waInNaIevln
fgadu g (Mg/g) % Adsorption  LeNA15E19BA

AUy 96.9 [5]
Tolalusanuds 12 6]
Ialagudnuys 2500 (7]
Fidoosauds 99 [8]
FunSdansie 84.4 9]
YIusosianls 501.7 et

3. @3Unan1snnaeg

yudesiaulsuTinm 5.0 nfu gaduihiiunde
Buazihideasonnssuaumsianadlans finnu
WuduiSudu 49,797 way 27,787 Hadnfusedans
nudrdauaruisalunisgaduminniu 501.7 uay
392.4 §adnunoniu AUE1AU dufan1ITOATU
donArpdfiuaunIsuuULALEs N15AATULAAIINSS
maadl vuRafgeduuuuiuiien nsgaduide
239USuas 1-8 ans lilasesay 100 ldvusausn

wUsUSunaudntiesiies 0.24-1.92 Ay

4. Andnssudsznd
YevauANdIUNITeINeImEanSkazmalulad
U INYIFNALULAENTLIDUNAINTEUATIUATD N3

uatuayuuidY
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ABSTRACT

This paper presents a static analysis of fluid-filled toroidal shell serviced under deep sea water
with constraint volume conditions in offshore engineering deployments for LNG storage containers. The
geometry of fluid-filled toroidal shell was computed by differential geometry. Energy functional of shell
and internal fluid are expressed in the appropriate forms based on the principle of virtual work in terms
of displacements. The static response of the shell and change of pressure with various sea water
depths, thicknesses, and toroid cross-section radii can be determined using finite element method.
Numerical results show that the change of internal pressure based on the constraint volume condition

is required in order to maintain the fluid-filled toroidal shell in equilibrium position. Then the shell is

very effective in resisting high external loading.

Keyword:

functional, finite element method.
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ABSTRACT
This research presents the production of biodiesel from Brassica carinata oil by using ultrasonic
irradiation as a reactor. The potassium hydroxide is a catalyst and 40 Hz 400 W ultrasonic irradiation is
applied as a reactor. The Response Surface Methodology (RSM) in conjunction with the central
composite design (CCD) was used to design the experimental. The process was carried out in a batch
laboratory scale. The experiment setup were 5:1-7:1 of methanol to oil molar ratio, 1-2 wt% of
catalyst concentration, 35-45°C of reaction temperature and 6-12 minute of reaction time. From the

result, it is found that the maximum percentage of conversion to biodiesel is 99.71% at 5:1 of

methanol to oil molar ratio, 2 wt% of the catalyst concentration, 45°C of the reaction temperature
and 6 minute of the reaction time. The predicted optimum conversion to biodiesel percentage by

quadratic polynomial is 99.02% at 5:1 of methanol to oil molar ratio, 1.69 wt% of catalyst

concentration, 35 “C of reaction temperature and 6 minute of reaction time. This conversion to
biodiesel percentage have been verified by the 0.9137 of determination coefficient (R?), 0.8332 of the

adjust determination coefficient (Adj. R?) and 0.94% of standard error.

Keyword: Biodiesel, ultrasonic irradiation, brassica carinata, optimization

1. Introduction The production of biodiesel can be

The diesel engine has been widely used in  generated from soybean oil, rapeseed oil,

industry, transportation, power generation, sunflower oil, palm oil, jatropha oil, rubber seed

mineral machine, and agricultural machine. ol or animal fat with alcohols. The

However, the diesel engine still using energy
from fossil also increasing greenhouse gas and
sulfur emissions to the atmosphere. Biodiesel is
possible choices, because it is renewable and

lower emissions released from diesel engine.

transesterification is chemical process between
triglycerides and alcohols. During the process
can use alkaline or acid catalyst. The production
of transesterification process was methyl or

ethyl esters and slycerin [1].
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Application of ultrasonic irradiation in

biodiesel production is an attractive and
effective technique to solve the problems
related with the immiscible nature of the
reactants [ 2] . A low frequency ultrasonic

iradiation  could  be useful for the
transesterification of triglyceride with alcohol.
Ultrasonic provides the mechanical energy for
mixing and the required activation energy for
initiating the transesterification reactants [ 3] .
Ultrasonic increases the chemical reaction speed
and yield of the transesterification for vegetable
oils and animal fats into biodiesel [4]. Mootabadi
at al. [5] have investigated on 20 kHz ultrasonic
cavitation assisted transesterification of palm oil
in presence of three alkaline earth metal oxide
catalysts, (CaO, SrO and BaO). The catalytic
activity was in the sequence of CaO < SO <
BaO. At optimum conditions, 60 min was
required to achieve 95% vyield compared to 2-4
h with conventional stirring. Also, the vyields
achieved in 60 min increased from 5.5% to
77.3% (Ca0), 48.2% to 95.2% (Sr0O), and 67.3% to
95.2 (BaO).

Conventionally, the optimization study for
biodiesel production process was performed
with the variation of one component at a time
and the response is a function of a single
parameter ( one-variable-at-a-time technique)
that is much time consuming and exorbitant in
cost. This technique does not include interactive
effects among the variables and it does not
depict the complete effect of the parameters on
the process. However, application of response

surface methodology ( RSM)  technique in
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multivariable system is able to provide a
research strategy in studying the interaction of
the parameters using statistical methods. The
experiment model of biodiesel synthesis which
developed by using RSM is able to simulate the
reaction under various transesterification
conditions with good estimations of errors. [6]
The main objective of this study is apply the
Response Surface Methodology ( RSM)  for
biodiesel production from Brassica carinata by
using ultrasonic irradiation as a reactor. The
optimum and effect of parameters compose of
methanol to oil  molar

ratio, catalyst

concentration, reaction temperature  and

reaction time were analyzed.

2. Materials and methods
2.1. Materials and reagents

The oil in this study is crude Brassica
carinata (CBC) oil. The CBC seeds were collected
from field crops in Vientiane province of Lao
people’ s Democratic Republic (Lao PDR). The
CBC seed was grinded and then the oil was
extracted from seed by hydraulic press machine.
The CBC oil was filtrated to remove solid
impurities and then was heated to evaporate
the moisture in the oil at 105°C for 30 minute.

The fatty acid compositions of CBC were
analyzed by the Thailand institute of Scientific
and Technological Research (TISTR) with gas
chromatographic method as shown in Table 1.
The main composition are 45.4% of Erucic acid
(C22:1), 16.59% of Linolelaidic acid (C18:2 n-6),
10.29% of Octade-catrienoic acid (C18:3 n-3),
10.24% of Elaidic acid (C18:1 n-9), and 6.21% of
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Eicosenoic acid (C20:1 n-9). Knowing the fatty
acid composition, the molecular mass of the
CBC can be then estimated. In this study, the
molecular mass of CBC was determined as

974.23 g¢/mole.

Table 1

Fatty acid composition of crude Brassica carinata seed oil

Fatty acid composition Results (%owt)

C12:0 0.06
C14:0 0.1

C16:0 3.24
Cl6:1t9 0.04
Cl16:1 n-7 0.18
C18:0 1.09
C18:1n9 10.24
18:2n6 16.59
C18:3 n-3 10.29
C20:0 0.86
C20:1 n-9 6.21
C20:2 n-6 0.84
C20:3 n-3 0.15
C22:0 1.02
C22:1 454
C22:2 1.28
C23:0 0.04
C24:0 0.6

C24:1 1.73

The catalyst used in the experimental is
KOH which 98.8%  purity. And reactant is
methanol which 98% purity.

2.2. Experimental setup

Ultrasonic processor ( KCME-KORN, Model
AK-Nano/ Bio-System 400 UL) was used as the
source of the ultrasonic irradiation for assisting

the produce of biodiesel.

operated at 40 kHz with the 400 watt. The

The processor

ultrasonic irradiation times for the reaction was
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adjust from 1 to 12 minute. All of experimental
reaction were carried out in ultrasonic batch
reactor (500 mL) made from stainless steel. An
ultrasonic batch reactor was immersed in a
water batch on the hot plate. The tip of a horn
diameter is 10 mm and 120 mm length and
transmit the ultrasound into the solution was
submerged up to 55 mm deep into solution
contained in the ultrasonic batch reactor. The
reaction mixture was

bath.

temperature of the
controlled by water A temperature
indicator was used for measuring the reaction

temperature as shown in Fig 1.

Water Bath

< |

D0 ]

= B L —
Ultrasonic Generator

Hot Plate

Fig. 1 The connection diagram experimental

2.3. Experimental design

A central composite design (CCD) was
applied with  four independent variables:
methanol to oil molar ratio ( X;), catalyst
concentration (X,), reaction temperature (X;) and
reaction time (X,). The experimental designs
were 5:1 to 7:1 of methanol to the oil molar
ratio, 1 to 2 wt% of catalyst concentration, 35 °C
to 45 °C of reaction temperature and 6 minutes
to 12 minutes of reaction time as shown in

Table 2.
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Table 2

Independent variables for experimental design

Independent variables Levels

200 -1 0 1 2(a)

Methanol to oil molar ratio (X;) q 5 6 7 8
Catalyst concentration( X,) 0.5 1 1.5 2 25
Reaction temperature( Xs) 30 35 40 45 50
Reaction time (X,) 3 6 9 12 15

The experimental design was obtained
by 2* factorial which CCD for five levels of four
independent variables. The CCD experimental
were design giving 30 experiments according to
2°+2k+2, where k is the number of independent
variables, which included 16 factorial points, 8
axial points and 6 center points [7]. The
regressions were analyzed by Design Expert 9
(STAT-EASE Inc) software [8]. The model was
verified by observation of the coefficients of
determination (R?). A quadratic polynomial

equation is shown in Equation (1).

k k ) k& (1)
Y:.Bo +zﬁixi+2ﬁiixi +zzﬁijxixj+e
i=1 i=l
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Where, Y is the predicted response
(conversion to biodiesel), £, B;, B;, and B,
are regression coefficients, k is the number of
studied factors and optimized in the experiment;
€ is the random error, x; and X; are the
encoded independent variable [9].

2.4. Experimental procedure

The experimental was performed
according to following procedure: 500 mL of CBC
oil was added to the reactor then was
preheated to the desire temperature by heating
plate before the reaction started. The mixing
intensity of the ultrasonic irradiation was fixed at

40 kHz frequency and 400 watt power supplied.

51
The methanol to oil molar ratio, catalyst
concentration, reaction temperature  and

reaction time were set according to the values
proposed in the design.
2.5. Product analysis

The conversion to biodiesel was
analyzed by NMR method that performed on a
Bruker DMX 300 MHz spectrometer using
chloroform-d (CDC1,) as the solvent. For each
analysis, 0.2 mL of each biodiesel sample was
dissolved in 0.4 mL of deuterated chloroform
and transferred to an NMR probe. Spectra was
recorded at room temperature with tetramethyl-
silane as internal standard [10]. The percentage
conversion to biodiesel can be calculated by

Equation (2).

Conversion to biodiesel = [(4/3)/(B/2)]x100  (2)

Where A is the peak area of hydrogen of
the methoxy groups in the methyl esters and B
is peak area of hydrogen of the CH, groups of all

fatty acid derivatives.

3. Results and discussions
3.1. Conversion to biodiesel percentage by

'H NMR analysis

The conversion to biodiesel percentage
of CBC oil was analyzed by the Department of
Chemistry, Ubon Ratchathani University with
NMR method as show in Table 3. The maximum
presented of conversion to biodiesel is 99.71%.
at 5:1 of methanol to oil molar ratio, 2 wt% of
catalyst concentration, 45 C°  of reaction
temperature and 6 minute of reaction time

conditions.
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The percentage of conversion to
biodiesel were used to select from Independent
variables of alkaline catalyzed transesterification
process with methanol to oil molar ratio (X,),
catalyst concentration (X,), reaction temperature
(X5) and reaction time (X,). These experimental
parameters and the percentage of conversion to
biodiesel were shown in Table 3.

The CCD was experimental design. All of
the 30 designed experiments were conducted
and analyzed. The minimum and maximum of
conversion to biodiesel are 70.36 % and 99.71 %
at design point No. 19 and No. 7 respectively.
The maximum percentage of conversion to
biodiesel was obtained at 5:1 of methanol to oil
molar ratio, 2 wt% of catalyst concentration, 45
*C of reaction temperature and 6 minute of

reaction time.

Table 3

Experimental design matrix and results of conversion to
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18 8 15 40 9 9331

19 6 05 40 9 70.36

20 6 25 40 9 99.46

21 6 15 30 9 96.26

22 6 15 50 9 97.22

23 6 15 40 3 95.55

24 6 15 40 15 97.17

25 6 15 40 9 95.70

26 6 15 40 9 96.70

27 6 15 40 9 9550

28 6 15 40 9 95.50

29 6 15 40 9 96.00

30 6 15 40 9 95.40
The properties of the maximum of

conversion to biodiesel were tested by the

Department

Chulalongkorn

of

Chemical Technology,

University with gas

chromatographic method. The results are shown

in Table 4.

Table 4

Fuel properties of methyl ester from Brassica carinata oil

biodiesel
Run Real variables Conversion
X4 X, X3 Xq to biodiesel
1 5 1 35 6 91.63
2 7 1 35 6 88.73
3 5 2 35 6 98.62
4 7 2 35 6 94.49
5 5 1 45 6 91.04
6 7 1 a5 6 89.30
7 5 2 45 6 99.71
8 7 2 45 6 97.49
9 5 1 35 12 89.15
10 7 1 35 12 88.44
11 5 2 35 12 99.07
12 7 2 35 12 96.30
13 5 1 45 12 93.51
14 7 1 45 12 90.26
15 5 2 45 12 98.98
16 7 2 45 12 97.01
17 [ 15 40 9 99.12

Fuel properties Test Results Biodiesel
method Standard D6751

Specific gravity ASTM D1298 0.89 0.86-0.9

Viscosity (cSt) ASTM D4455 5.6 1.6-6

LHV (MJ/kg) ASTM D5865 41.94 N/A

Flash point (*c) ASTM D97 80 100

Fire point (°c) ASTM D97 82 182

3.2. Regression model and analysis of

variance (ANOVA)

Among the models that fitted to the

response (linear, two factor interaction (2FI),

quadratic and cubic polynomial), the quadratic

model was

selected due to higher order

polynomial with signification. The quadratic

polynomial

model

was

suggested. The

additional model cubic polynomial was not

aliased by the RSM [11]. A quadratic polynomial
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equation obtained from the design and the
following equation was generated to predict the

conversion to biodiesel as shown in Equation (3).

Y =958-1.3X, +4.91X, +0.53X, +0.21X, - 0.16X, X, +  (3)
0.083.X, X, +0.14.X, X, —0.091.X, X, +0.024 X, X, +
0.17X, X, +0.17X] —2.65X7 + 031X} +0.21X;

Here, Y is response conversion to
biodiesel and X;, X,, X5 and X, are the values in

the experimental form the studied variables.

Table.5

Analysis of variance (ANOVA) for the quadratic model

Sources Sum of Degrees Mean F- P-
of squares of squares value value

variations freedom
Model 846.49 14 60.46 11.35 0.0001
Residual 79.94 15 5.33
Lack of fit 78.74 10 7.87 32.81 0.0006
Pure error 12 5 0.24
Total 926.42 29

R2=0.9137, Adj. R?=0.8332, C.V.=2.45, Std.Dev.=2.31

Statistical analysis of the model was
performed to evaluate the analysis of variance
(ANOVA), the desired level of confidence was
considered at 92% of quadratic model as shown
in Table 5. The p-value (probability of the error)
of the model was less than 0. 0001
demonstrating high significant in predicting the
response values and the suitability of deduced
model (a model term p-value<0.0001 indicates
that the model is significant at the 95%
confidence interval). The F- value of the model
was 11.35 that implies the model is significant,

there being only a 0.01% chance that model F-
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value is large could occur due to noise. The lack
of fit is the weighted sum of squared deviations
between the mean responses at each parameter
level and the corresponding fitted value. The p-
value of lack of fit was 0.0006 that indicated
there was significant relative to a pure error. The
F- value of lack of fit was 32.81 implies that
there is a 0.06% chance that a lack of fit this
large could occur due to noise. The high value
of R* (0.9137) is an indication that the fitted
model can be wused for prediction with
reasonable precision. The goodness of fit the
model was evaluated by the adjusted coefficient
of determination (Adj.R%). The value of the Adj.R’
(0.8332) that indicates a high proportion of
variability (83.32% ) in the response variables to
the four predictor variable and a very small
portion of variability. The coefficient of variation
(CV= 2.45) indicated the results of the fitted
model reliable.

Effect of different independent variables
on the response surface can be studied on data
in Table 6. The standard error and P-values
indicate the significant of each coefficient. In
general, the smaller P-values indicate higher
significant of the corresponding variables [12]. As
the linear effect (X;) and (X,) were considered,
5% level being significant was found. The X,
term had the most significant linear effect. In
term of interaction effect not found to be
significant at 5% level. However, for quadratic

effect, the x? was found to be significant effect

on conversion to biodiesel.
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Table.6

Regression coefficients for second-order polynomial

model

Model term Estimate Standard error P-value

coefficient

Intercept 95.8 0.94

X, -1.3 0.47 0.0143
X, 491 0.47 <0.0001
X, 0.53 0.47 0.2758
X, 0.21 0.47 0.6678
XX, -0.16 0.44 0.7911
X, x, 0.083 0.44 0.8874
X, X, 0.14 044 0.8075
X%, -0.091 0.44 0.8773
X, X, 0.024 058 0.9669
x,x, 0.17 058 0.7716
X 0.17 0.58 0.6971
X -2.65 0.58 <0.0001
X2 0.31 0.58 0.4980
X 021 058 06388

3.3. The interaction between the
parameters
The interactive  effect  between
methanol to oil molar ratio and the catalyst
concentration while the other variables kept at
their center values was shown in Fig.2. The high
percentage of conversion to biodiesel was
obtained at high catalyst concentration and low

methanol to oil molar ratio.

Gonversion of Biodiesel

Fig.2 interaction methanol to oil molar ratio and

catalyst concentration
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The Fig.3 shows the interactive effect
between catalyst concentration and reaction
temperature while the other variables kept at
their center values. The high percentage of
conversion to biodiesel was obtained at high
catalyst concentration and low reaction
temperature, also the catalyst concentration had
more effect than reaction temperature.

The interactive effect between catalyst
concentration and reaction time while the other
variables kept at their center values was shown
in Fig.4. The high percentage of conversion to
biodiesel was obtained at high catalyst
concentration and low reaction time, moreover
the catalyst concentration had more effect than
reaction time. The most important independent
variables

were catalyst concentration and

methanol to oil molar ratio.

Conversion of Biodiesel

i

—_——1%  Catalyst concentration (wt%)
Pt

Reaction temperature

Fig.3 interaction catalyst concentration and

reaction temperature

Conversion of Biodiesel

™
L
i
e
T3 Catalyst concentration (wi's)
ST

Reaction time ('C)

Fig.4 interaction catalyst concentration and

reaction time
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3.4. Optimization of process parameters
The experimental range were studied,
optimum conditions for synthesis biodiesel from
CBC were predicted using optimization function
of the Design Expert software version 9.0. In
numerical

optimization, the independent

variables with methanol to oil molar ratio,

catalyst concentration ( wt% ), reaction
temperature (°C) and reaction time (minute)
were set within the range between (-2) and (+2)
while the conversion to biodiesel to setup
minimum and maximum value [ 12] . The
constraints used for the optimum study as

shown in Table 7.

Table.7

Rang of input parameters and response for optimization
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methanol to oil molar ratio, 1.69 wt% of catalyst
concentration, 35°C of reaction temperature and
6 minutes of reaction time conditions. It is well
agreed with the predicted values 99.02%, with a
relatively standard error 0.94%.

The prediction and experiment were
response values at these optimum conditions.
The average conversion to biodiesel from the
experimental was 99.84% and very close to the

prediction, as detailed in Table 8.

Table.8
Experimental and predicted response at the optimum

conditions model

Optimal condition Conditions to biodiesel

X, X, X, Xs | Experimental  Predicted  Error (%)

5 1.69 35 6 98.84 99.02 0.94

Criteria Goal Lower Upper
limit limit
Methanol to oil molar ratio X, Range 5 7
Catalyst concentration X, Range 1 2
(Wt%)
Reaction temperature X, ("C) Range 35 a5
Reaction time X, (minute) Range 6 12
Conversion to biodiesel (%) Maximize 70.36 99.71

The optimum values of the selected
independent variables were obtained by solving
the regression Equation 3. The experimental
data obtained for the conversion to biodiesel
were found maximum percentage 99.71% [10].
The response surface indicated the predicted
optimum percentage of conversion to biodiesel
was 99.02 %
Additional

by transesterification process.

experiment was carried out to

validate. The optimization result obtained by

the response surface analyzed optimum

conversion to biodiesel 98. 84% at 5:1 of

4. Conclusion

The RSM was a useful tool to investigate the
optimum condition for biodiesel production
from Brassica carinata oil. The interactive effect
from multiple independent variables, including
to oil molar ratio,

the methanol catalyst

concentration,  reaction  temperature  and
reaction time to the conversion to biodiesel
were investigated. The main conditions that
affect to percentage of conversion to biodiesel
were catalyst concentration and methanol to oil
molar ratio. The optimum conversion to
biodiesel predicted by quadratic polynomial was
99.02% at 5:1 of methanol to oil molar ratio,
1.69 wt% of catalyst concentration, 35 C* of
reaction temperature and 6 minute of reaction
time conditions. This optimum has been verified

by 0.9137 of R’, 0.8332 of Adj.R* and 0.94% of
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standard error. Thus, this statistical model is

adequate for predicting the conversion to

biodiesel of Brassica carinata.
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ABSTRACT
Fast pyrolysis of cassava rhizome was carried out in a free-fall reactor to investigate the effect

of pyrolysis temperature and natural catalysts on the pyrolysis products. The pyrolysis temperatures
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of 350, 400 and 500°C were tested for non-catalytic experiments in order to determine optimum
temperature for maximising the bio-oil mass and energy yields. The results showed that the maximum
bio- oil mass yield of 62wt% with the corresponding energy yield of 46% was achieved at 400°C. The
non-catalytic bio-oils produced had a higher heating value (HHV) of 15.8 MJ/kg. Other properties of the
non- catalytic bio-oil such as pH, viscosity and density were found to meet the standard requirements
of the ASTM D7544-12. The pyrolysis temperature of 400°C was selected for the catalytic pyrolysis
experiments applying a constant catalyst temperature of 500°C. Activated natural zeolite, perlite and
kaolin catalysts were tested in the biomass catalytic pyrolysis experiments. Although all catalysts led
to bio-oil mass and energy yield reduction, certain bio- oil properties could be improved. Among the
catalysts studied, kaolin was found to be the most suitable catalyst. The use of kaolin gave the bio-oil
mass yield of 46 wt% and energy yield of 20%. In addition, the HHV of the kaolin- catalysed bio- oil
could be increased to 19.5 MJ/ks.

Keyword: Biomass, bio-oil, fast pyrolysis, catalyst, free-fall reactor.
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ABSTRACT

Redesign often occurs during the process of the engineering design to meet specifications of
customer requirements in term of functional requirements and usage limitations, since the
requirements cannot be completely analyzed at the beginning and during the design process. To reduce
this problem, this research proposes the application of using axiomatic design theory to analyze the
function structure and physical design by applying the Constraint Relation Matrix (CRM), that was
developed to consider the relationship between the design solution and design constraints at every
step of the decision making for reducing the possible alternatives of design solution. The design
constraints are classified into two types: operation constraints, which are considered in module level,
and technique constraints, which are considered in sub module until part level. By understanding the

relationship of constraints at every level, all constraints will be considered together with all component
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parts related during the design process for confirming, that all constraints will be considered and the

designer will not face to the problem of the redesign.

Keyword: Axiomatic Design, Constraint Relation Matrix, Engineering Design.
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ABSTRACT
This paper presents the large signal stability analysis of three-phase bridge rectifier with
constant power load using linearization technique and phase-plane analysis. The linearization
technique is a small signal stability analysis, while the phase-plane analysis is a large signal stability
analysis.  The analytical results from linearization technique are compared with those from phase-
plane analysis. The intensive time-domain simulation using MATLAB is used to verify the analytical

results. The results show that the stability analysis using linearization technique cannot provide an
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accurate result for both small-signal and large-signal conditions. Otherwise, the phase-plane analysis

can provide an accurate result with a good oscillation prediction of DC-link filter.

Keyword: Large Signal Stability Analysis, Phase-Plane Analysis, Three-Phase Bridge Rectifier, Constant

Power Loads
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. 1 3 243
me,d :_Im + O)th,q R \/_ I(Iv
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. 1
Viwa =1y = OVpa
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- 3243 (r, +71, +1) 1 rPy
Te=q%" Visa == do— Vot ——
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. 1 P
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A1597 1 W51AwesvasszuulninAnasan
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R, 0.10
L, 24 uH
B
eq Luq
- — 0 -
eq
L 0 0
C,
A(xo ’uo) = 1
0 — - 0
C,
0 0 \/E 2\/5 0
2 7L,
0 0 0 0
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FaflA1UuegAuAdLUsanIue x, kazARILYS

YU u, NYAUJURNUNTRITU Inegau TR

v«%aaﬁmauqa (operating points/equilibrium points)

YDITTUUAIINULAIIN X = 0
n13haseaiiosnmaesszuuiiniy

n1svia il widadudlevgejunaiiaizag

ENINTUIALD1239 (eigenvalues) VB UUATAD

'
=

Nladou Ax,,u,) Nuanslaasaunisy (@)@

v
=%

INAUNTITILNUTIT LUATNS A(x,,u,) BA1TUBYAY
AUDILTIRUFY Y Iv10enATNYAUURIu(
Vo) B3A19na1Ua 0150 A U LA910 01T

Aurun1gaUjuicuvesssuu lnedivualv

Lo, Vieas Viwo» T w82 ¥, Tuaunisn (1) 1o

sd> T sq° bus,q >

I
AAUAUE LagAR1zas@InITaA U la

A9AUN1SN (5)

det(AI-A)=0 (5)

089 4 AB ALANYIIVBITEUU

v
(YY) P

AUUTEUULIATYTAN D1dIUTIVRS
Anrsliadeendiaud Wouludsnariuanala

faaunsN (6)

MSANTIAINTTUANENS UM INUFBATUASUNTI SR

Ui 12 atufl 2 1FeunINYIAY - SUIAN W.A.2560

Taegd i=1,23 . ,n(nAa 31u3U

AIUTEDIULVDITSUV)

fatuanuaingalafou Acx,,u,) A9
aunisy (4) wazan v, Na1udadle azaiunse
ANUIMUIANDZR9YeITEUU NI 15 e

naadalnihasiiuuvanund (£, ) dAuiiiu

15 kW idunnaiuvesatanzasuanslanagun 3
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=

F93103UEN U3 A1 0sE U Ul
ffin1su1UsEnouR18AAIE9 4 -4, Laed
A91599 4, way 4, delauduwusiu
W15 fined L, uar C, 199319330504 099N
ﬂ"lmeﬁmé'QﬂdnagjmwTwLmu'dmﬂﬁﬁ'umwﬁ
15191 U (resonance frequency) 993958V U GR

Arudalaan 1/L,C, = 365.15 \5uaeu/Iund

ee

HuduA1anzasau (dominant eigenvalues) #3o

a

Hudaidu (dominant pole) vo35zuulu g
#9151 InA LAz A UnS oA LA Ui ALl
Smsnanelaiosnmvessruuinenss detunis
Jmsziadesaimueszuuldiafifansn
A1115031AT 189 lANN AL IR UVB ST UL LA
Fuduniniuassananzaanuvesssuubndi

AN WWe P, An15lAsunUatann 089

Re(i,) <0 (6)  28.7 kW uanaladagun 4 Faanguazdanalein
106
’ X
4 AN
1 /13
3
_ 2
£
2 5\
g x|
é” -1
-2
3 2 Ay
4
AW
:25500 2250 -2000 -1750 -1500 -1250 -1000 <750 -500 -250 0 250 500
Real Roots (1/s)

gﬂﬁ 3 A2 418 Py = 15 KW
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Pepr = 0} 28.7 kW
400
X X X X X
™ % % % %
200
E 100
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g
S -100
E
-200
-300
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-500
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d' i e ¥ o o a ¢ _a
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o
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a
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AU fUAuvesssuy Jearunsariuinlalag



92

AAUAA L, L, Vs Yoy Lo W82V, Tuaunis
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A () WA fugud azauisoaiianislaag
maaﬁma‘uaum3auﬁuﬁ‘ﬁuaﬁwu1mﬂwﬁﬁmm1
Wie P, fin1sasuuyasain 28.1 kw luidu
28.2 kW waziUdsunuasann 28.2 kwluidu
283 kW ledsuanalugudl 7 uaz3uil 8 anuddy
Tnoagdannldinlusud 7.8e £, 1013
Wasuwlasan 28.1 kw Ty 28.2 kw n15laas
Y94AIMBUANNTOURUTIZ G MR U TR
wuuTnfaiafiosvessvuu Fedufigaufifeuid
sruulnfinfifinnsanazadosain luvaei
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LATETAMN (Pept ysrone) 1ABOIEENTIUABULYAY
Tnamitesnduiion nandedunisdsuuas
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ABSTRACT
This research studied bridge natural frequency identification form a passenger car’ s
acceleration response by field testing. The research aimed to propose the analytical process and the
appropriate testing scenario. In addition, effect of relevant parameters was studied. The field test was
carried out with short span reinforce concrete bridges and passenger car as the test vehicles. The bridge
natural frequency can be identified by using indirect method from the proposed process of signal

analysis of the measured acceleration response. Regarding to the result of experimental study, it was
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revealed that the proposed process was able to identify the bridge fundamental frequency in every

experimental case. Moreover, it was observed that the analyzed frequencies were exactly the same to

those obtained from the direct measurement to the bridge.

Keyword: Bridge natural frequency, indirect test, passenger car, acceleration response.
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Famoundalaesiunansznuiiiesansasidrulnges n3seus (Softening Effect) usedaudands (Tension
Stiffening) ¥84ABUNTA NUIBLIIlOUTANNI1991NIUANLESNBBNRINTE U (Confining Effect for Out-of-
Plane Steel Reinforcement) $auianisnszyiveaunanifios (Dowel action) ustoAuduuiiuguisinandd
Samlé’ﬂmaﬁﬁuﬁl%dﬁaLa6UmmWqﬁﬂiﬁwﬁwﬁmuuﬁugmmmauQamummEJ’nLaﬁLaJufﬁ NIATIFFOUAI

gNABIRULIIRDIAIERIEE NN ULTBERU NalAR NN INARBLasINIgu]lnsuuLdRosdennRDI iU

AdAgy: ndssunsadeunsunsaEduwan Mlesziliidedy wanudlasddeudunandian

WesunniINTEeMaiy MIinauauaadlaTiaine n1sidesuilonusudeu

ABSTRACT
This paper presents analytical procedures of the flexibility-based for the nonlinear analysis of
frame elements with shear deformation developed to model the behavior of RC shear walls which can
fail suddenly at lower ductility levels. An analytical procedure was developed for plasticity sectional
response analysis modeling based on smeared crack approaches by section discretization into layers.
The plasticity sectional analyses were made to capture shear mechanisms in a section of concrete,

with the inclusion of nonlinear Poisson effects, softening effect of concrete, tension stiffening, as well
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as confining effects for out-of- plane steel reinforcement and especially with dowel action. Based on
flexibility method, element forces were obtained by performing equilibrium- based numerical
integration on section behaviors along the length of the elements. Verification of the accuracy of the

procedure was undertaken with six specimens. A good fit between experimental and theoretical results

provided by the model was obtained.

Keyword: Reinforced Concrete Shear Walls, Non-Linear Analysis, Flexibility Frame Element,

Smeared Crack Approaches, Structural Response, Shear Deformation.
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LWULUSTUABUNSALESILUANTAEAANITEDUMIAIVDS
ABUN3A (Softening) Suiflosanmsunniilddnsa
pg19lsAA CFT laanunsamidadananssnuussnouda
L1534 (Tension Stiffening) ¥03ABUATA

sown [13] tauSuugmuudnaesuas i
nuuTuuTeau1unsadn (Modified Compression
Field Theory, MCFT) @snansznuussiaudauniaves
aounIaldtunfinnsanlunatlaidedu [14], [15)
l@ueuUUTaefiaeiy wazmsiauuudiaesyy
niulassdonyugoud (Rotating Angle Softened
Truss Model, RA-STM) @asioanlfiinsuiulgauay
AU wuudiassyuasilasetonyuseudn
(Fixed Angle Softened Truss Model, FA-STM) G
ansaluiuenginssuvesrsuninduusadoule
Duegnad Tne [161119] Fdlundaiu FA-STM Ihiiia
TupdadounarnsiaudunouuiagmiFeude

' o 1

Tnelunauddewiednu [20] taauasnsiadruln

q

a vayq!

gauamziInAnAuld Faignisiaun wuudiaes
LUILUSUBBUS (Softened Membrane Model, SMM)
MA11507IUIEN1TABUAUDIVN D ULATNEIRAF AR

Ioagnauwsiugn

2. IngUsTasAvasuilY
fnqusrasdueanuifoiae dunseiuas
WauwuUsaessesuani1Inszatefadedals
Ussiliuandhveddan lnen1siasaunanseny
AN500UM LSIRadanse nsvenadlaiady
nirgusalausan1sdneanmaniasueanann

ITUY LLa%LLiﬂﬂi%ﬁ’l‘U@ﬂméﬂLaaﬂ VDIADUNIN
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asumdnadaninnatadn lunisiivuaied
Lmum‘IﬂiﬁaLL%wuﬁugmLWaﬂ%ﬁaﬁﬁm%“umi
AinsresilwludiodiudladiBady Aawise
MUENGANTTUVDINTIT UL AR UADUNIALETY

<
LURN

3. @uNAgIU

nszUIuMIAIznelueided fauufg
nan Ao

1. AULATEAAINLUILAUTDIDIADIAT 19
anufguszunuiinaussuny

2. AILASYALADUALUINVDINUIFA WA
Tfinsnszaedugunisiluan

3. ldsiunavesnuiIsusaguuu (Stress
concentration) TLARTUUS L MLTINTET LAY
U

4. liAnn13A3AveILIITANII (Bond Slip) uax

M3LALANLYDANANLETL

4. n1sdagunuuednudlassdaudsuuiugiu

Y

aaad

wanguan

AUNTLIDYINUTVRIAINANARF T UL LUUA
1A5970UT WD ILTINNLNY Wsadoulazluluug Ao
ON[ox+w,(x)=0 , oV/ax+w,(x)=0
Mox+V =0 dow,(x) Aot mdnnszane
atianeluiiams x wae w,, (x) fothuinnsyans
asnawsluiianig y dnvarddrenediuudlagg
Youdaiine AelAsunILIVIARATLEY AN
auusvesauauna azuibalailudaszainnis
Wasusus uaznsnouausvesian Tunsdilad
dhvnusTNUMeAUA HaLaABIONTLE TosANM
WBeoyRusuaInNaNna NN IEIILTIRUILNY
asfl uaznisnsrsluudFadadu nsduine
Tussefuuditugiu Q Uil 1 1Hurveulunves

Ygynlaanwaznisnizatensi
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Y
Qzavz Q33v3
Q])vl
z¢ — e
LR FHERES
U 1 useitugunasnsidesUveedius
_ - , .
Lo o e =16, 7,0 @] Tavi &
N(x) Q 3 = Aa o o a <
I duauesganuunuiinagainie y o (x) Wu
V()C) =0 _l _l Q (13) & Py ’
L Ll AnuAIEadau, &, (x) 1WuAUlAINIIUAINIg
M) 1o X4 X o Fogumihdaiiiiatu Ae(x) azgnimualagmsuan
L L . = = DY
. il WinnAYindenisidesuntide e (x) 310013
S(x) =b(x)-Q (1b) |

wi3ng b(x) WDufunuileiduuszananiely
YeusaruBnNdamnsafansanindu wn
'%ﬂez?msl,l,ﬂaammamqa LM USITGR S(x)
LazksEAMIUAHugIL Q

msmualnludiedudliidaduininisvinu
41 MaidegUioduudiintu Av AeliiAnusaed
wudiuguifisty AQ nwaindaruuianis
voqediuud ki lunisiudideundni o

AUFNTUS W9 - N19idesU veeduud azlai
AQ’ =kjIAV war Q' =Q ' +AQ’ (2)

WINLOALUANUFIUILANTY AQ  Aal¥iin
LNADTLIINUIAAANTY AS(X) AI8AMNFUNUS

AUANNISA (1) aglaan

AS(x)=b(x)-AQ (3)
S(x)’ =S(x)" + AS(x)’ (4)

LAMBSUSIAUNIUNRTNAR Sk (x) waziaing
< [ tA g o
Audaniantdidn ky(x) azgniivunain

nnmein1idegunindn (Section Deformations)

a a £

iugneunthil den1sidesUiinaInnTu v

Faiifindu AS(x) lned

Ae’ (x)=£/"(x)-AS/(x)+e/ ! (x) (5)
e/(x)=e’ ' (x)+ Ae’ (x) (6)

e £, (x) fewanddafvosmiiga wETNGIA
ANuduiusANaNna an1naiulanig
sunsnveLedudlasataunds amisafvundu
aunsJUBUUROUUTY (Weak Form) vaslwludied

[

wiudbildadulanedSussaiiou eadl.

SQTAV/ = j&sT(x) A (x)dx (D)
L

Tngldaunis (1) dwmsuanuduiusainuauna
Y0378 UVLTILALDU SS(x)=b(x)-5Q uaz
nasannIsunuiasliuannis (7) Taunisaninaau

Wiy
AV’ =J‘bT(x)'Aej(x) dx (8)
L

Tagnisunungunis (5) asluaunis (8) n1side

sUedudninTy Weulddu
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Av/ = j bT (x)- £ (x)-b(x)dx |- AQ’
L (9a)
+ j b (x)-e/" (x)dx
L

Av =[f ] aQ7 + [vi] (9b)

aa

e £,.(x) Foumsnduiandtamediuud v,
AavauanAensdesuteduud lunmsyiliAnnaid
flareInIsAuAUSusluauns (7)
dvsunsiunasndiandO-aALe a1y
waziAsNA1IN1SdegUedud Aeldngusnusias
FLaUD9 LNNE — LaDIBIA 3D LNNE — lauunle
(Gauss-Lobatto) Tnsdunaunanue Téfieuides
wwIRnYes [21] FeeSurenszurunIsAmunaaIuY

a

YBUAUUAVUNUGUNANTTER N15viuginieluy

' ' £

waudwazINgszuUTIIvgjegegnies

5. MSUTZEIUAIULATYNA

LOALUUMLULLUSURBUNTALASILVAN FLAUNRE

'
o

szuuiialagvlusun 2(n) dell szuuiidn (x,y)

Y

'
a

\Jufimannz (Local Coordinate) v ato@Luusm
syuudinanan (1,2) 1 Juniiowsvan syuuiine
(7,d) MUABLTIRANUDIADUATA TEUUNIR (7, 8)
famsvenndniaiuy 1o a, ADYUTENINWNY X
WATWAU 1 YUMUU @, ABLUTENINUAY X LAY
WAY 7 JILAANIESY @, ADLUTININLAY X WAz
Wnu i eudasszuuvesiidainned miousiuas

amesen agldaviang [T(0)]soluil

cos’ 6 sin® @ 2sin@cos
[T(@)]=| sin’@ cos’@  —2sinfcosd
—sinfcos@ sinfcosd (cos’ O—sin’ )
(10)
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iefuwiamiisussuazaaion Tufianig
Y93508ANI 1AW ALY UMY (Rotating
Angle) a,. lésnananiuzanaeen Tnefiamy
win a,, Swhousadeunounin 7y, =0 U 2()
nMsfuEnan g, Iiananugniieusefingy

A, ey o, AEleRlAe

27
Yy Jtan2e, =——  (11)

£, —¢, c,—0o,

tan2qa,, =

Tnevhluamuduiusvosmineuss — AaaSen
(Stress-Strain Relationships) U84ABUNIALAYIAAN
@suaglanIInNIsAdauLAULAEN YINliANULASEn
assunuluiinne (1,2), fe,l={e & 7,}"
fosuvastdumituiaSeandnunuLien
E,1={5 & 7, loelddnsndm  Inwes
Y09ABUNTATILANSTY vy, AOSNIIAINVRINANIS
\isfuresananaioafsiietulufienadn (1) de
uasiuesruAIensauTulufirniandn (2)
WAz v, AedhidlnemanILATendaLRuTUlY
FEn9mdn (2 )founasfiunuesnnuaseaiaiinty

Tuiamandn (1) Tae [22] AnueSeaLNuGerlame

_ 1 V12 0
& L=vpvy LT=wpvy &
& o= Va1 ! 0|-1{s (12a)
’ L=vvy T=wpvy ’
12 pavs
) 0 0 1 )
{512} =[V]- {812} (12b)

vle [V] Aewun3ndnisulasainuinien
ANMLATEARNULAEY & wag &, Miun1sAuIn
wiheoussraunsaluiieniewan of waz of azld
Tunvuaosmuduiusauiivesnounin

AVSUMANLESY ANLASEANANLAULAYY L1aN

LASUANUYINLALE NLESUANLENIPUS R UAD
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}/X\'
¢ ¢ Evr 0
(07.75) €0 ,
2a,; ¢ ¢ 2a,, (6,72
2o N1271) 2 2.
Oh \O} 2 c gd gr
. S [ s e
oy, ¥
( 2 12) (gza_7]2)
(055, (,~~ 5
o) -0, £ -8,
(M) TUUNNAVRILORIUUAADUNIAEINIARN (V) 29NAN Mohr RHIBUT (M) 29Nax Mohr ANNLATEA

a v

JUN 2 svuuiidavesedmudneuninasuminuaginauues (Mohr’s circle) MitpusuazALLATEN

_ 1 v, . otalsin of azsausauiiosnnussislufian s
Eg = " & +1 &, |sin“ () .
V2V ~V12Va anlae [23] Asil
Y 1
+( L e+ gz]cosz(alx) (13)
1=vp,vy 1=v,vy 1
+ }/12 Sin(alx)cos(alx) é’ = _ 0.8 < 1 (15)
g
- 1 v 2 1+0.35- 21 -0.28
&L :( &+ 12 52]005 (a1,) z
1=vp,vy 1=vp,vy
123 1 . 2 (14)
+ &+ &, |sin” () o a g Y S 4y A
(l—vlzv21 L=y, 2] = We ¢ Feduuseansniseauda (U7 3) Wle
—7psin(a,,) cos(ay,) & Wuanupsenfiddsnasgn £, waz ¢ f) 10u
MAIDAABUNINDDUF
whsuwsananunuiendiouwin £, luiianig o
yosmandussanaldnnanueionmdn g, 9z Jot1
Lasuluanuduiusandfvewnanasuiileegly 5 S &5 j

ABUNIA

R ——

6. wuuTIRBIRNFUNUSANTRYD9TEN

6.1. WUUTIADIAIIUFUTUSFUTAAOUNTA

LUUIADIANURUDIABUNSALUNANIINAN

(1,2) Tguszilivamangsoliil

JUN 3 LEUNTIN MBS - ANLASER S8R

mouninagnigldaniie mauATendd -

AUASYAER Tunsalll ANLASUALAULAEIYBY L, . L .
pauninegn1gly aniiy AIINIATIAAY -

ABUNTA &, BgluLIPILAZANATEALAUGET &, Y A . . .
AIIATEAGN AMULATIALAULALIVOIABUNT &,

pgluuLsedn an1zimiieusnaunIaLIuLAe) of . ~ s o I
g lULTIFN LAZANUIATEALNULAEIYBIABUNTA &,

Anlaan g wagldliduildduresanunion -y . o .
geaglunsefsiaduiu lunsdiinilsusinounsn

ABUNIATULWIAIRIN &, AuTiaualag [15], [16]
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wnuiel of Usedluain g uwar o Uszidiuain
g, w1 of uway of Juilsiduresminuaden
ABUNTA &, %A% £, AINAIRNU

paunIneagnIgls an11y AIULATIADN -
AIIATEASA AUATEALNULALIVBIABUNTA &,
uay Z, eansogluusedn midetasldauntam
LSISALUUABILNLYDY Vecchio [24] AUFuanLAY
v04 [22] fdadnaoundafifintuiuegfuniheuss

)
933 (Confining) Tufimmadenn winuszansnm
A9 ABUNTALULIITALVEIUAINIUT LS VINLYAN
Sasrdulngeuiintu Wiy 0.5 witeusman
AouNIALdRean of way of fnsefufu
AULASHALNULALITOINDUNTG &, haL &, dunIg

A5AUIUR MULSIDNEDILNUAD

2
K, =1+092| =22 |-0.76 _Ufj (16)
Je Je

2
K,=1+0.92 _fal -0.76 _“1j (17)

o v o w

e K, way K, Lﬂuﬁa@mﬁummmmv

ABUNSALUNANIE (1) kag (2) ANUAIAU AUILWSTI

v &

warAduLAseagegatuiianig (1) agladu
o, =K. f wave, =K & audiiulay
hsussuazANNAsongeEatuiianig (2) agladu
0,, =K., flwav e, , = K, & auamu

6.2 nislevsalaginaniasuninyareluie

N NOONIINTEUIU

nsvenefiuinaiesanussdaneliannis
Toufnlnewmdniasunuynsiifianseenainszuiy
anunsadiudidauazainunietvesaeundnangld
wsedaannstndalnomdniasy Snsdrumdniasy
P9NINTLUI p, WBLIWAlY  7AN1980n31Nn

spuu of fvwereuiradnuszanalay
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o;=—p.- f. way f . =E g <f_ (18)
gwudnlimsin

_ o5 o'
8 =t~y =2y = | (19)
Ecn+szs EZ El
NIIDUY
_ p S o5 o
g =- vy =y = (20)
Ecn 2 El

lupdaganguveinouninlufiAnicesnain
sguu E,, windu 2- f!/e, dmiunisiiansan
NASNSNUIBUSIABUNIALUAITIATIZINITNBUAUDY
wihite Foyaieafuuuuassiamsanulaly 241

6.3. N1INILYIVOURANADY

msnsEvveLmaniiies (Dowel Action) @150
Lﬁuﬁwé’n%’uLmLaauLLaxmmLuﬁmwé’dﬁ;mqqqmm
83A01A13 Tnslanzauiifmdniasunuvinstos
usudeufiemnsdanniuuuiunuiisudiemsniasues
Auamugasiiauslang He uay Kwan [25] wiide

= 2 dvy &
LIIRDULAANLADEY Txy 16161&‘14

Py
="V, V,=EIXA <V, (21)
4
74y 22)
64
101.6 '
A=4 FRE /. (23)
b

e A, fonisildsusiiunisveananiiey E,

N N

Aelugdadavguansininides d, Ao

uraugnansvennaniies 1, Aeluuusiniy
W@osvounaniies 4 Aewisfimosauuianis
YosnounInneANLlunIwewanasy k, Ao

ﬂ’J’]JJLL‘%QLﬂ%ﬂ%aﬂﬁﬂu5@ﬁ§UﬂEJUfﬁm AdesunsuRou

YDILNANLADE

1.

V,aazgninfialae

V, =127-d; -

/)
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6.4. WUUTIABIAIIUFUNUSAUTAVDUNANAY
wuudaesaudRvesmanasuiileglunounie

dnSunthousunaniasy £, aufiAnisveanan

AunlaanAuLATsAmANESILAUAEY &, H1u
ANETTUE MEuss — Anuesen 1ae [19] §ail
fsi = Evgsi ’Esi S gn (24)
E..
f.=1,/(0.91-2B)+| 0.02+0.25B=2
€, (25)
’ESI' > gn
1 1.5
¢,=¢,(093-2B), B=— Jor (26)
P\ f,

\le £, Aeviulsussveainanialy g, Ao
ANIATEALNUIALITRLMANESY f, Aeviieuss

ASINVBLNANLAULUADY g, ADAINULASEAATIN

v A ! 3

I3 v A A a
wanidudes E, feolugdatanguvesnaniasy

q

P o w

P fodnsrdiuveinsiasuiman £, AeR1ainig

LANSIVBIABUNTA

7. usauasANULd LI wtingn
sudeuililudeduuiuuiiugumsudadule
Tnensudanindnesndudiudusiieg udazdule
Wufunungfnssuvesasuninuazivaniasy
AUASEan LUl aziduleazA1uiulaain
AuLAenigaguidlsuazanulfmiidalag
auufgiunidaszurudiaaduszuiu anueien
dousrauudiinszanefuldanisiluan ved
AAIennLYAualldlaeTIuEn
AN EUNALATLSIEUMUYBILAAY
wduloagarulrnulaannauduiusuuignse -
AMILATEA ANNLTLNSRmMTNARLATLI IR UNIY
vaaindnagldlagsiuusaazanundaniadule
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wnsndlugdaduia [E,] szurumisuseves

a s = a I3 Y
LDALNUAADUNINLE TULUR ﬂVLG]Lﬂu:

[E]=[T()]-[E]-[V]- [T(@,)]
+ z [T(axi)]' [Esi]‘ [T(ail)]‘ [V] ) [T(alx)]

(273)
(27b)

wie  [E]=[Ec]+ Z[Et]

1

Tuaums (27a) [E, ] \Juwmsndaudfivesian
v W L= a < a € wa
duiavosnounsaunuiies, [E,| Wuvindauds

o v @ & Py = <
vosTandudaveavdnasuwnuieiuas [V] Wuam
Fndulasanuaseaivualinaunitiluaunis
(12) wwindaudRvesTaqunuieivesnsunin [E, |
waz [E, ] dlag

g 22

0g,

0o, = c O-lc B 0'5
El=|Z=2 E¢ o |,Gh=7—"= (28
[ c] 65‘1 2 12 (81 —82)

0 0 >
psiEvi 0 0
[E,]=| 0 0 0 (29)
0 00

@

lugdaduda (Tangent Modulus) E\ way Ej
Tuaunis (28) l9a1nAuLASEALNUABLABLALAIN
MBI - ANUATER Tanunuferluianig 1 uwag
2 MuEFU enves dof [0z, wer o /oE I
Tnegldanuduiusaudfivesiagunuifeuavaniuy
YBINUILUTIATAIIUATYAVBIABUNI AN ULAEILY
fienne 1-2 Fslaflduguimsizmiroussuas
AULATEAUBIABUNTATULIITNBOUAIAIRIN
AnuATeafiiseann lueslugdadeuesnaunis

5 lalaeniisusaleu 7, AenAINLASEALAu

V12 WAAVG 12 AULWIAMIINANTEINDS YUY
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a

LIILATAULATYA (3UN 2(v) waz (A)) TusiAnng
NUIYU TN NUAZANULATYANANVDIABUNTAA TIAU
Tudwves [E, | Tuszuuiida (si,rn)leefl £, 1Ju
IuQé’aé’uﬁaLmulﬁmﬁm%’umﬁmé’uﬁﬁmumiéﬂm
A0UE YUIBUTY/AIULATYA
31NLINLABINITLAEIUNUFA (Section
Deformations) e(x) LINMDIAINLATEALUNLIGA

[

&(x,y) = {gx Viy!2 }T Ieail

g(x,y)=ay(y) e(x) (30)
1 0 -y
e a(y)= 01 0 (31)
2

Wn3ng a (y) MuualpgauufgiuseuIuni
v v & [ =
AInENALLUUTTUIUNRINTLENFU

nsuidgmediudninaueiioguuiugiu
VOIAUNAFIUTLUUNINAR INoNeIABaTzvInii
ARALENNTT (30) AzABsARAARBINUAUAILLATYA
ANLYIN £, VLIDONUIAINANNALADMULUILAY
y sUuuvednsdevanunindlugdaduda [E,|

Amualhilu E, fufusgldaunsaiueauna
6(x’y):Et é(x’y) (32)

WSIAIUNIUTDIUTIAR S, uazAny Wi

inSaweamthdn k, muainulanad

S, = j al ()-6(x, ) dd (33)

A

k,=[al()E a()dd G0

A

8. ATIVHDULUUINABINUNANITNAFDU
HilaFuusudeu (Shear Walls) a@osyn vunlvg

nagaulmIURlag [26] NelansAfiunnssaunuUes
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v
° o

umunmmnmuLLu’gLmumﬁ'uaxﬁmﬁﬂvﬁnﬂ
AFN19LAe7 (monotonically) Fdiatuluwuiuouite
ANUINANTENUYDITINIUNITITIns iRy
NOANITUVRINTITULT LU wisfinedinant
Usgnoudae Snsnduaugeieanuning dinin
UTTNNNULUILAY TRIVBIABUNTALATUTUIUVDY
wiEnESUNTuINeY SnTduAugwonuning
Funlddmsuntds: 1.0 dusu nifsusean | uway
2.0 15U ufsusELan Il Ay [27] 99fe1m1siidl
RTIAIUTIUIURDUABANUENNINAIN 2.0 LT
ARS8 hde3EnsEantde tnsiznalnAldy
Aounsnariileddgludnsidiudesni 2.5 e
Huszanuids 1| avRansanlunsaneidiasies
8.1. MeasdenYealATIaTHIIT UL IADY
wannuids wie 1| whFnveUsEneusieAIL
N114 650 HadlunsAunu 65 Jadiunsveialuy
LLmG‘T’qqn 1,300 fadwns Wousosadesruiuans
wazduuulirundadiefufisocunaylddmin
UIIYNILALLBUATUINATAARAZNSLETUAANLERS
1augud 4 (n)
dasrdrumdniasusisaulaaslilunisie 1
nalUTeuLTgUSnTdunsETIIMAnA M p,
Aunaaniuiinidaduve widnsdiunisiasy
WaNEENIINTTU p, R1sanuiividavesndn
VaonfiunTadudraieaes indniasunuiday
wwansuUsTnoumemandedesduriguinans
8 ,6.25 way 4 Jaduns audRmaniasy (M31e 2)
AIUNTNAABU [26] AvunauURvesnounInll
WesidsdanaunInnsgnuian £, ﬁaﬁuﬂmamﬁﬁ
dunazUszanailag Mdssanouniansansyuen /7
Antdu 85% 99 £, A18IRTUNIULTIA
£ =0.33- [/ vazlugda E, =5,000-/f ¢
ﬂaqum%‘amﬁuﬂasumﬁmqqqm
e, =(f!/E.)-(n/n—1) vi o n=08+f/17
(1919 1)
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6217
-, T el x = = = W ex
l——— —I 996_ —_ __ Ty
8l BF
3 i— _}\ é F— Q92— g
g [OX
(2)
= xoe.é_ - N ;%;_,x e
Q L 650
== 250 * 1615500 * 280 e i |&| 15.5] ,50 *57 *78.5 *62 *62 *62 *62 *78.5 *57 *50 >H15.5
— secrione-s - Tos (ARSI AR TATIRITETITEITE
00 ESEEESSSEE SECTION A-A 140 370 140
(n) ’ P, ! 30 Layer | P,
15 Layer (a) 15 Layer

JUN 4 S1eazBuanthdnnilanaun3nasumian wasuuudasd (n) niAnrounInLAZIANLESY

(%) WUUTNABINTASULS DU (A) NMSLUILOUTURTINGA

A1519 1 9RS1E@MaNESY auURYDIABUNTALALLTINNULAL

Wall P, 0. Lo flx &, E.* ot Axial
number (%) (%) (MPa) (MPa)  (mm/mm)  (MPa) (MPa)  Load (kN)
SW21 0.80 0.90 42.8 36.4 2.61 30,150 2.00 0
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ABSTRACT

Friction welding by using stir spot technique which was to design weld semi-solid aluminum
castings with differenced types of SSM2024 and SSM6061. The welding factors were studied compose
of rotation speeds (500, 1,000, and 1,400 rpm), the plunging rate (56, 112, and 224 mm/min), the tool
shoulder plunge depths was employed 0.5 mm, and the constant dwell time for 10 sec. The rotated
clockwise cylindrical welding was used. The results showed that the lamellar structure at the stir pin
zone (SpZ) on the bottom revealed the combining of two materials cause of heat dissipation from the
friction of welding tool. The highest result of weld shear force was 3.77 kN, at rotation speed of 500

rpm, and the plunging rate 56 mm/min. Whereas the lowest weld shear force was 1.51 kN, at rotation

speed of 1,400 rpm, and the plunging rate 224 mm/min.

Keyword:

Properties
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ABSTRACT
The objective of this research was to develop a device for adjusting the pitch angle of small
horizontal axis wind turbine generators in order that they were functional in different pitch angles as
well as solved the problem of one fixed pitch angle. Device has a curve rail, which base of curve rail
was attached with the hub of the wind turbine. Wind turbine blades were attached with rail curve of
the device, then blade pitch angle could adjust to several degree. Acrylic wind turbine blades was used

for this experiment. Wind turbine blade is 70 cm long. The experiment was carried out with the pitch
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blade angles at 10°, 20°, 30°, 40°, and 50° and the wind velocities at 0 — 9.0 m/s. The study’s result
revealed that electric power of wind turbine with acrylic blades which pitch blade angle at 10° and

wind velocity at 9.0 m/s was 10.4 W, and electric power of wind turbine with acrylic blades which

pitch blade angle at 20° and wind velocity at 9.0 m/s was 12.3 W.

Keyword: Small horizontal axis wind turbine, pitch blade angle of wind turbine, curve rail device
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ABSTRACT

The objective of research is to determine optimal parameters of tank model using Microsoft
Excel Solver. The parameters can be optimized and compared by using trial and error method and
Microsoft Excel Solver. It can be concluded that model parameters using Microsoft Excel Solver showed
better correlations more than that of trial and error method by increasing accuracy and convenience.
The results showed that Microsoft Excel Solver can be used to calibrated Tank model parameter in
Upper Yom River Basin. Additionally, for the research at hand, it was found that the best of objective
function from the group of /A, Nash, R? and RMSE is IA

Keyword: Automatic calibration, coefficient, Rainfall-Runoff model, Tank model, Microsoft Excel Solver
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ABSTRACT

This article aims to develop a simulation program using GUI-MATLAB in telecommunication
engineering course. The instruments used in this research are the GUI-MATLAB based simulation
program for signal processing subject including 1) basic signal, 2) modulation signal, and 3) voice signal.
The sample group consists of 30 students who registered in the Principle of Communication System
course at Rajamangala University of Technology Lanna. The research results are as follows; 1) the result
of evaluation of developed GUI-MATLAB simulation program assessed by 5 experts, shows that the
quality of the simulation program is more appropriate, 2) the efficiency of the GUI-MATLAB simulation
program is consistent with the standard criteria of Meguigans’s formula (equaled to 1.10), and 3) the
students’ satisfaction is at high level (mean = 4.45, S.D. = 0.33). Therefore, the developed simulation
program can be applied and developed in the teaching of telecommunication engineering and related

as well.
Keyword: GUI MATLAB Software, Simulation Program, Signal Processing Subject.

1. Introduction capabilities are also more commonly referred to

In the 21st century skills consortium  as higher-order thinking skills, deeper learning

(AT21CS), the teaching and assessment of  outcomes, and complex thinking and

knowledge, attitudes and organization skills are ~ communication skills [1]. The STEM education

divided into four categories as following; ways of
thinking, ways of working, tools for working, and
living in the world. Most highlight similar types of
complex thinking, learning, and communication
skills, and all demand learning through teaching
These

and learning more than rote skills.

purposes to provide students to be professional

which integrates four subjects: Science,
Technology, Engineering and Mathematics. This is
done by taking the nature of instruction as well
as different teaching disciplines to come together

seamlessly, which can provide students to get
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knowledge of all fields. For several years, this has
been used to solve the educational research and
there has been recent development [2], in
telecommunication engineering.  The various
developed instructional tools were utilized in
teaching, in order to design and to construct
electronic circuits. However, typically, in an
experiment set, an oscilloscope, and signal
generator were not enough and incurred high
costs. [3], [4], [5]. This problem issues have been
found in many universities that lack integration of
modern instructional media [6], [7]. Thus, the
STEM education promotes development of

skills  for the
[8]. The

important and  necessary
globalization of the 21st century
educational simulation development is necessary
to use in engineering education [9], [10] such as,
IE3D, Sonnet Lite, Computer Simulation
Technology (CST), Pspice, and etc. Moreover, it
can be found that most researchers have applied
the GUI-MATLAB for the simulation program in
electrical engineering course such as a GUI-
MATLAB program for learning controller design in
the frequency domain [11], GUI-MATLAB based
simulation platform design of flexible satellite
attitude control and vibration suppression [12]
and implementation of a GUI-MATLAB function to
visualize electromagnetic fields [13].

The contents of the subject matter can be
which to the

intricate and difficult, leads

inefficiency of learning by students. The
applications of knowledge to real life situations
are emphasized by the STEM education concept
in higher education. In this paper, the GUI-MATLAB

based simulation program is implemented in the
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teaching of signal processing subject in Principle

of Communication System course.

2. Theory

Considering an arbitrary signal f{t) of finite
energy, which is specified for all time (t), a
segment of the signal f(t) shown in Fig.1(a),
postulates that we sample the signal f(t)
instantaneously and at a uniform rate, once every
T, seconds. Consequently, we obtain an infinite
sequence of samples spaced T, seconds apart
and denoted by { f(nT,)}, where n takes on all
possible integer values, both positive and
negative. We refer to T, as the sampling period or
sampling interval and to its reciprocal f,=1/T, as
the sampling rate. This ideal form of sampling is
called instantaneous sampling.

Let f5(¥) denote the signal obtained by
weighting individually the elements of a periodic
sequence of Dirac delta functions spaced T,
seconds apart by the sequence of numbers

{f(nT,)}, as shown by [10].

S0 =Y f(T)8(t—nT,) (1)

n=—oo

We refer to f;(f) as the instantaneously
sampled signal. The term &(¢ —nT,) represents a
delta function positioned at time t = nT,. A delta
function weighted is closely approximated by a
rectangular pulse of duration A¢r and amplitude
f(nT,)/ At ; the smaller, we make Az, the better

the approximation will be used.
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(b) Instantaneously sampled representation f(t)
Fig. 1 Illustration of the sampling process.
The waveform of a PAM signal is
illustrated in Fig.2. The dashed curve in this figure
depicts the waveform of the message signal m(t),
and the sequence of amplitude-modulated

rectangular pulses shown as solid lines represents

the corresponding PAM signal s(t).

Fig.2 Flat-top sampling of message signal.

Amplitude quantization is defined as the
process of transforming the sample amplitude
m(nT,) of a baseband signal m(t) at time t= nT,
into a discrete amplitude v(nT,) taken from a finite
set of possible levels. We confine attention to a
quantization process that is memory less and
which

instantaneous, means  that the
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transformation at time t= nT, is not affected by
earlier or later samples of the message signal. This
form of quantization, though not optimal, is
commonly used in practice because of its
simplicity.

Quantizes can be a uniform or non-uniform
type. In a uniform quantize, the representation
levels are uniformly spaced; otherwise, the
guantize is non-uniform. The quantization
considered in this section are of the uniform
variety. The quantized characteristic can also be
a midrise type. Fig. 3 shows the corresponding
input-output characteristic of a uniform quantize

of the midrise type, in which the origin lies in the

middle of a rising part of the staircase like graph.

Output 4

level

Fig.3 Signal quantization

3. GUI-MATLAB Based Simulation Design

GUI-MATLAB software means that the

graphical user interfaces contain windows,
cursors, buttons, menu, text and other objects.
Using GUI function optimizes performance, by
providing a visual for the user, it reduces the need
of unnecessary thinking.

The process of designing a GUI function for
voice signal processing is applied to the study of
Principle of Communication System, as shown in

Fig. 4. The GUI-MATLAB based simulation program
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consists of 3 parts: 1) signal plot simulation, 2)
signal modulation, and 3) voice signal processing.
We can select the desired circuit type, afterwards,
the initial calculating values are set up. The
simulation program will calculate and process
according to various signal types and will show

the analyzed results.

Select software
[

Y Y v
L . Voice signal
Basic signal Modulation process
¥ Y ¥
Initial Time Initial Value Initial Value

' ! Y

Initial funciton

[] ¥
Results Process

v

Fig. 4 Flow chart of GUI-MATLAB based

Modulation Voice record

simulation program

[ SMs2017 GUIGRMUTL - 5 %

Signal Modulation Simulation Help

Basic Signal |

e bt G n

Fig.5 Example of signal processing software

The development of the simulation program

makes use of the graphical user interface (GUI)
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function of MATLAB software, as illustrated in
Fig.5. The developed simulation program can
simulate both analog and digital modulation
systems, as a basic signal function, analog
modulation, digital modulation and voice signals

process.

4. Results

The research is carried out in 3 sections
including 1) the developed simulation program, 2)
the quality evaluation of simulation program by 5
experts, and 3) the students’ satisfaction.

4.1 The result of developed simulation

program

The developed simulation program can be
analyzed within the basic signal time domain, as
shown in Fig.6. In this topic, we illustrated an
example for basic signal simulation as shown in
equation (2).

5

In Eq.(2), we can state that the Fourier series of

f(¢) =sin(¢)+ (2)

the square wave function simulated by the
developed simulation program can be displayed
and is consistent with signal theory. Moreover,
The wusers can set up required equation
parameters in a text box of f(t) and these signal
will appear, as illustrated in Fig.6.

Moreover, the developed simulation program
can be analyzed in 8 modulating signals, including
Amplitude Modulation (AM), Frequency
(FM), (PM),
Amplitude-Shift Keying (ASK), Frequency-Shift
Keying (FSK), Phase-Shift Keying (PSK), Pulse Width

(PWM) and

Modulation Phase Modulation

Modulation Pulse  Amplitude

Modulation (PAM). The example of frequency
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modulation is shown in Fig. 7. The diagram of

frequency modulation defines the peak
amplitude of message signal that equals 5V, and
the frequency of message signal that is at 25 Hz.
For the carrier signal, we set the peak amplitude
equaled to 1 V and frequency at 400 Hz. The

results of simulation tool are shown in Fig. 8.

[ 188 Signl piot simaton == ]

" Stat Step  Stop
Time 0: 0.1: 4%i

Bl fgure 1 [=] To]E i

GHS RRGBE 0E
f(t) | sin(t)+(sin(3*)V3)+(sin(51Y'5) |

o) (o (o] ||| VO T

Fig.6 Example of basic signal simulation
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S _
Message signal 4”\ X )—> FM Signal
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25Hz VUUUYUYYYyY
‘fl‘H ) ] AC=1V

Carrier signal i
Jo=400Hz

Fig 7. Diagram of amplitude modulation

B e ot &) e s
iRl = e
] =) zrmmasmme
PV R S (R A ;.,5 S| |
iy - "Hl‘li‘l”l‘li‘i‘ﬂ‘i’i‘l’ul 'l”i WAL
Coagy - —— |
s i m'n'i'n\'I'l'llmwﬂrm'luuilwl‘

Fig. 8. The FM simulation using developed

simulation program

Fig. 8 presents the results of the frequency

modulation. We can observe that the frequency
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of carrier signal is varied depending on the
message signal. The result is therefore analyzed
as consistent with the properties of frequency
modulation.  For simulation of voice signal
processing, the voice signals are recorded by using
the sound card on a personal computer (PC) and
WINDOWS operating system. The microphone is
connected to the voice input on PC, and the

voice signal is saved on the recorder, as shown in

Fig.9.

'Ihms.;n.umuem; =l = z ]

| SupiogFreq Btsumber Tane Rec

44100 Hz 16 4s é
Sound Record and Play ?
Time speed o
Wl 1w
Range selact -
St seo [N oo
20000 40000 g,y
- )
Samping 4
| St Stop } (]
20000 20200 [N
a5
Quartizing
2 4 € [] i) 2 " %
s 10 [l e T “
82|
oo BN .
Ens

0 [ 1 15 2

{

Fig.9 Windows of voice signal processing

%10%

Quantizing signal

Time w10t

Fig.10 The example of quantize characteristic

Fig. 9 shows an example of audio signals in
time domain and frequency domain. Moreover,
the program can also reveal the appearance of
quantize according to the theory [10], as shown

in Figure 10.
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4.2 The quality evaluation of simulation
program
The  developed  GUI-MATLAB  based
simulation program in the teaching of Principle of
Communication System course was evaluated by
5 experts who hold a long experience in the
teaching of electronic engineering or related
fields. The findings shows that the quality of
simulation program is highly appropriate (mean
value equals 4.48, and S.D. equals 0.52), as shown
in table 1.
The developed GUI- MATLAB based
simulation program was implemented by using a
sampling group of 30 students who registered in
the Principle of Communication System course in
academic year 2/2016 at Rajamangala University

of Technology Lanna.

TABLE | The results of the quality of simulation

program
Evaluated topics Y S.D.
1. Appropriation of simulation
4.60 | 0.89
program
2. Accurately simulation
4.80 | 0.45
program
3. Easy to use 3.40 | 0.55
4. Appropriation of content
4.20 | 0.84
and design
5. Encourage student to
4.40 | 0.89
understand knowledge
Total | 4.48 | 0.52

The validation of the efficiency of simulation
program can been found in the pre-test and the

post-test score percentage that are equal to 49.40
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and 86.46 respectively. The efficiency of the GUI-
MATLAB simulation program is conformed to the
standard criteria of Meguigans’s formula (1.10), as

shown in Table II.

TABLE Il The efficiency of simulation program

Test Average (out of 80) | Percent
Pre — test 39.52 49.40
Post — test 69.17 86.46
Efficiency 1.10
4.3 The students’ satisfaction
The  developed  GUI-MATLAB  based

simulation program was experimented by 30
students, as shown in Fig.11. The sample group
was taught by using the developed simulation
program. After learning all lessons, we evaluated
students’ satisfaction using a 5 rating scale of
guestionnaire. The findings after learning and
teaching using the developed simulation program
can be stipulated that the students are able to
gain more knowledge and understand the
contents more clearly. The students’ satisfaction
is in high level (mean value equals 4.45 and S.D.

equals 0.33), as shown in table 3.

Fig. 11 The experiment in a classroom

TABLE Il The students’ satisfaction of simulation

program
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Evaluated topics X S.D.

1. Appropriation for students | 4.46 | 0.37

2. Accurate results 4.40 0.52

3. Easy to use 4.41 0.38

4. Appropriation for content
455 | 0.35

and purpose

5. Encourage students to learn | 4.51 0.32

Total 445 | 0.33

5. Conclusion

This research presents the development of
the GUI-MATLAB based simulation program in the
teaching of telecommunication engineering. The
developed simulation program is able to analyze
and simulate correctly various signals used in
communication systems and is consistent with
the signal theory.

Considering the research results, it can be
seen that instructional media development for
engineering education based on 21st century and
STEM education [14], [15], [16] will encourage
students to acquire complex knowledge, practical

and creative thinking skills and a positive attitude

towards learning. Moreover, the students’
learning  achievement will increase more
significantly.
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ABSTRACT
This research aims to study the vehicle routing problem for a single-warehouse system of the
electronic manufacturer. The problem is bounded by vehicle capacity and delivery time-window
constraints. Transportation data is collected from the logistic manager and routing experts. To tackle
with the problem, we construct two modified heuristic procedures based on the traditional Nearest

Neighborhood and Saving Algorithm methods. Our procedures reach the routing solutions that save
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both distance and total costs. The Modified Saving Procedure produces best performance which saves
18.6% of the total cost comparing to the actual operation of the system. Comparatively, the Modified
Nearest Neighborhood Procedure gives the reduction of 13.1% in the total cost. The study shows that

the design of heuristic procedures could assist any logistic companies to increase transportation

performance, as well as reduce their total cost.

Keyword: vehicle routing, modified heuristic procedure, electric equipment industries
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ABSTRACT

The objective of this research was to develop an upper-limb exoskeleton robot with interfacing

to rehabilitation activity sames for hemiplegic stroke patients. The developed robot is CUREs. The
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CUREs robot is patenting under the author names with patent request no. 1601003553 [23]. It has four-
degree-of-freedom. The robot arm has gravity compensation so that the smaller actuators can be used
and the better performance of the dynamic control system can be achieved compared to the heavier
arm that normally seen in the market. The detail of the development of robot arm and controller
design can be consulted in [15], [18]. In this paper, the kinematics and the dynamic model of the
robot arm will be analyzed in detail. Both are used for developing the interface between the robot
arm and rehabilitation games or activities. The rehabilitation activities can improve recovery rate
compare to normal treatment in hemiplegic stroke patients. The interface technique between the
robot and rehabilitation game, developed in this paper, can be implemented not just only the in-house
game but also to most of the commercial games. Actually, there are two types of rehabilitation activity
games. One will cover the activities for specific treatments assigned by a physician or a physical
therapist. The other is for relaxing after going through a period of specific training. The second type of
training activity is based on available arcade games or commercial games and will help to improve arm
movement control close to the normal arm movement. The force control, of the dynamic controller,
of the robot arm can be adjusted force to suit to individual patients. The main benefit of the interfacing

can help to extend to various type of rehabilitation activities.

Keyword: Rehabilitation Robot, Gravity Compensation, Exoskeleton Robot, Games.
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