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Abstract

This article provides a way to improve local search using the golden section ratio
in the bee colony optimization method for the problem of economic dispatch. This
modification adjusts the movement process to find new sources of bee feed. From the
original, the multiplication factor has to be multiplied, which results in a fairly wide
distribution. This process of refinement uses the gold ratio as a multiplicative component
in the equation of motion of the bee population instead of the random step. Operations
will consider power system requirements, transmission line losses, and regulatory
conditions. The MATLAB program was used for simulation and testing with 2 standard case
studies consisting of 3 generators and 6 units. Testing to evaluate the effectiveness of the
methods presented used traditional BCO, HLBCO and MSA methods. Comparisons were
made in terms of response efficiency and convergence speed. From the results of the
tests it can be concluded that the proposed method provides a valid and effective
solution to solve the problem of the quality of the answer- the convergence feature. In
case 1, the proposed method calculated the average number of rounds was 256.8- 59 per
cent faster than usual- with the lowest cost at 1957.48. In case 2, the proposed method
calculated the average number of rounds was 145.9 rounds- 33.27 per cent faster than
usual- with the lowest cost at 15439.51.

Keywords : Golden Section Ratio, Economic dispatch, Bee Colony Optimization

1. umin
Jgyminisanelunaneg1suszuda (economic dispatch Problem; ED) 1 ullgynnd

azvioudnadnsnialuilinangn Jayn ED 1 Uunsndandsulniiiensvausiniy
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aoanisnasulniluszuulnenfialdiremngaviniosdululs wazluvuzdeady
fAanusadsdranasuliihlasegnfivssdnsnnuaziwetiols Jeywn ED faiduiSesiiugiu
Tuprsanfiunuvessyuuliih Tngussasdndniiddgues ED Aen1siiuusednsnn wazan
AuUNUNINGNSI InseguuReuludedsfurasseuy msunlawn ED tadianunenenylunis
o aa ¥ (Y v 1 ' Y ! A aa

Unauedsniswnlaymiunuielaenan o wadsauisaudsngulaidu 2 nau As 38015319
AlAAIEANS (Mathematical method) wag3BLuA1-833afnd (Meta-Heuristics) 33015114
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Cost) 381n3LAYU (Gradient Method) 351261 (Newton’s Method) 3§ﬂﬂiﬂizqﬂmﬁlﬁﬁﬁﬁ%&u
drurendunse (Piecewise Function) widmmariiJuifissnismaumdineuianisu
(local search) Wiy Sasadaldanunsafinnsandesifnvosssuuldodeiuszansam
Snee waniloliuunilafianunenealumsudledamied insasfelml Tnenisdey
MsngRnssuvesity daf wdemuinisvesddladmilslusssued Bnslmiiisendidznns
LWEN-825aRnd A9 19U N1591a0sn1TeuInTletvedlany (Simulated Annealing: SA)
(Ismail Ziane, Farid Benhamida, Yacine Salhi and AmelGraa, 2015) ﬁLLﬁ’ﬂime ED Mm8n1g
$1aesnseumilsrvestavy lnsi3ouuvunisanawesgumgioufsgamgiifianassiign,

msﬁumuwmg (Tabu Search: TS) (Bakhta Naama, Hamid Bouzeboudja, Ahmed Allali,
2013) 1WAsnsuAlaym ED drenagnstunistesdunisnduufidinouiulagazandd
Amaufubikagdesiuldlvinisfumdinaunduanifineuiy 35n15n1augnIsy

(Genetic Algorithm: GA) (N. Javidtash, A. Davodi, M. Hakimzadeh and A. Roozb, 2014)

[ 14 a ad [y 1 (Y] A v ¢ A v ¢
L‘UUﬂ']iLLﬂ‘{jﬁJﬁq ED IWEILaEJULL‘U'U'Jﬁﬂ'ﬁVHQW‘UﬁqﬂiﬁJ bYUNITARLADNAIYNUTNITAUNUT
s

(Reproduction) n1sHaudu (Crossover) Aun1Tnataiug (Mutation) wazinluusziduniiu

q

wisnzaumeileituavangay (Fitness Function), 3564aia (Ant Colony Optimization:

ACO) (Pirmahamad Jamalbhai Vasovala, Chinmay Y. Jani , Vasim H. Ghanchi and Parth

4 '
v a

Harshad Kumar, 2014) 351AgULUUNSIAUNIANBNI1MN T8RN IE T8 g n1aduitan

sen1sUaesillsluu Tudunenidllsluumnigaaz dudunianlndiigaduies, Taunin

9
1%

nay (Particle Swarm Optimization: PSO) (K. Srikanth and V. HariVamsi, 2016) F5adunns
wAdaynn ED lagasldguiuun1snIomsvadssdnd 1w Jauan yaun TBuuueeis (Bee

Colony Optimization: BCO) (Dinu Calin Secui, 2015), (Takeang C. and Khamsan W., 2016)
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Fetlmnuuandgny TuIsa1-8213afAndfnaniun 835n191ile duAeIsn1TnIAIneU
MyangauNaauuuyaia F5UAnAulag Karaboga Twl 2005 (D. Karaboga, 2005) laSuwss
% a [ a dn( < ad aa 1% 1 Y

TunalaanngAnssunismenmswuugansusveseils Wuisnilaseaiiadne T9auds
Ly lusnwidedasinisuuslsiiseanidu 2 is Usenaumie Scout Bees wag Employed
Bees HAHININUALAN1TTANITAULDIBEIIYIYRAN waZUUILTINUBDNTOU TR
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szmnefmseenfiidululddwiulaumiidesnismdneu St uweunaeImig
waeandestunuAINLATANIgNFesTasf ey aetlsfny Fensuuugsiadiotanld
Wit ED wudndaideunnsesuniedefidnvinslseaniaimnsviauvesiu wiandu
IBnrsfialunisfumidinoy wiluvazifisafunisgiiimdneundudulusgnsd 9
wazdmeuiildfalonafiasidufmeunuy local

ﬁﬁﬁ?Uﬂ’]iLilﬂﬂ’NiJL%’JIUﬂ’]iEjL%’]MWﬁ’]G]E]U waznanideainauiiiu local Fananewdu
Whmnefiddalunsiteluadsd Tnensideadidldimunnsiadeulmueiislneldisns
Aumuuuvioddiu (local search) M38n3138n158ms1dudnes (Golden Section Ratio)
(Press WH., Teukolsky SA., Vetterling WT. and Flannery BP., 2007) Lﬁaﬁmﬂ%uﬁﬂmﬂﬁ

% ] < 1Y o Y o A a a &
ED ﬂLﬁﬁﬂﬂqiﬂLix‘iﬂ’J’mLi'ﬂuﬂ'ﬁ@Lsﬂ’]V’me@U LLaSlﬂﬂWGIE]UVl@J‘Ui%ﬁVlﬁﬂWWM?ﬂ‘UU

2. I9QUsLaIAYaINITIVY

2.1 lpU3ulgenszuiun1sves BCO sanesiialviiuszansawlumsuiiyminisg
elvano1susendn

2.2 wietlaafummauiidu local F1e38nnsdnsdrudneddunisuityminising

Tanegnsusendn

3. Ugyninns3nglnanagneuszuda (Economic Dispatch Problem)
1 1 o a [ a o w dl'
nsanelnaneduszndanuuanasn Wun1s9trunIseanmadliiiveaIo
Aullalin a1 ailanaiuilaviatu masliihindnladesaenndesiuReslutodsduig 9
vosszvulnedileidudnung (Objective Function) (All J. Wood and Bruce F. Wollenbersg,

1996) seaunisi (1)

Minimize : TC =§N:E(F1) (1)

i=1

lag¥l 1C A Aunuslun1sndanidaluin i Ae wsesnudalniluasesdt i, N
AR ILIWATRIALTA TN Ao UTTUUNINUA, F (P) AiD AUYUIBUTBLNEINTITHES
YaaAsaInLda i /
3.1 ANWAULVRININVUTIALYDLNAIVDILATDINLIA LWAN
Tagmlufandusiandamdswsansasnidalndraiuisanuseanidu 2 wuy
2 a ¢ v a a & = "
ARANNIINIANAFIER ST UNUNITHAR T ULUULEEY (Smooth Cost) wazuuulilisey

(Non-Smooth Cost) Tudiuveaflandus1adonadsvednsaannialwilwuutss vy
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sednuavesiliidurnidemiwanedestudalniiiduilaiduindsaes Single Quadratic
Function) (All J. Wood and Bruce F. Wollenberg, 1996) éﬁ’qaumaﬁ' 2)

F(P)=aP +bP +¢ (2)

1989 a, b way ¢ ARdUUSEANSIIALYaINAIRLATBIn W EA NN P Asfidsluin
908NV IATRIN L NA A LAS DN /

3.2 waulwusAu (Constraint) ¥aaATaINILHALWAN

[ A o w

1) Yedfnfasliinaunavedassuy (Power Balance Constraint) Ao A1&3N13

a

NAR LW ANINUALNIAUNETIUVDIAUABIN15US U lWAN (Demand) Aunidsande

LT

syuluszuudsdng (Power Losses) feaunish (3) wazaunss (@) (All J. Wood and Bruce

F. Wollenberg, 1996)

S (P)=P,+P, 3
Plcss 2 i i PiBiij +i BOiPi +Boo (4)

A o

lag?l P Ao AMasmsuanvesazastilaliiy i, P, Aeraslviilnansesnis,

£ =

P, Ao Masluihgydeluaivds B, B, uar B, Ao duussAnsmsayidevesauds

loss U v ij 0i

o w

2) Fas1fafifinveana3eadtialniin (Generator Rating Constraint) (Al J.
Wood and Bruce F. Wollenberg, 1996) fia fdanisudnvenasasindalniiluudazinias

nesaglulindninmdinisndnaailaraeansisaunisi (5)

Pi,min S PI S I:?,max (5)

(%

log?l P way P fefdinsuaniianuazadanvaunsasiiialnii j
4. 33n1501UN13

Tuprsantiua idglddniunmsauduney AsfinwIsmamaivingaungauuy
FaRauarUTuUTInsEUIuNSvasIsHaR L ieLiuUsEansam Tnelineazidendiasialuil

4.1 nsuidgninisinelnanedieusendad183569ie (Economic Dispatch
Problem Using Bee Colony Optimization) (Takeang C. and Khamsan W., 2016)

ax ° = = aa | X & aa % oA A o

FBNIMARRUIMUITANTAARUUTTHIRS WUITMTAUMATMINZaUEULUY

Y

WOANIITUAITNIUINIUVEIRS Tavilsutsoanidu 2 Uszian Ae Redeauuy (Scout Bee)
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P I min + (( i, max i, mln) X rand (O 1)) (6)

‘U‘UGIE]‘U‘VI 3 UseliiuNavod WG]EJ“U"\]'mN\‘iﬂE]@LLUM I@EJU’W‘YW]IWVN‘VT&JG]QJ’]EENWW]@U
=

neglunranns iy n A1 BefdedisuIuinRus LUk saea LN Tideen U g

WU n

ddo

‘U‘NGIE]‘IJ‘VI 4 1 5anAMBUNRIIUIY M AMNBU %8931NUsEUAAINBUNAIINTUABY

v

d‘ d! a Y o o o o = a o % % :’1 =l 1
7 3 FavnzliarlaAveIfnoUTIun n AReULaYiNISEesEIRUlY 1nTudenAved
Maaufialdsiuiu m Ameu dadmeuiildavilufinnsanlutunsudely

pA 1
(4 ]

‘U‘LWIE]‘UVI 5 LL‘UQ@'WIEJ‘UEJEJ?]LUL! 2 %ﬂﬂ@ﬂ’]@]@‘uﬁd%ﬁﬂ e ANNBUINNTIUIU M LAy

v
=

Amoufinsesandiuin m-e ievgldtmuasiuiuisnvlunsdiludumdneusely
murAmesilainstmunlSlutunoud 1
Y a VX 5 oA A Y o &
Yunaun 6 TWRNILEBNIIUIMIIUTIU 9| uwiasnidenld Ae e wag m-e TnsRanu
Wlumaneuusnaleuvesdmeudesnguilauudlilutuneun 5 lneRenudiuau ng, f
LUAumAnausey 9 e warlvreuuIu ny, 1 sanlumArneusey 9 m-e lutunoull

a a X | a Y] | | & a
mimaauwﬁuaqQqmmumﬂmemwmmﬂﬂmLmaammﬂ‘wmzLﬂuiﬂm’mammw 7

Vi =X "‘¢.j (Xij _ij) (7)

e v, Aedumitenslul x; Feundsemstiagt, x, Wuurdsemsainns
dudenainUszns, ¢, UussdusenaudiguaInnis random fiin —1< ¢, <1 a9y
n15 random TynATINIBUNITAILIN

7 = a ° v v ° L dey voa & ]

Yupaui 7 Ussilunaroid1nauilaainn1smiAnauiuiilnglAssaInyiaaodumas
ABRANTUNIIAUNIAINBUIINTIUIUAINBUNATIEA e kagHsnuliIAUMAINBUIN m-e
Amau inrsuszidlivanidunisiideyavesdinevuuiouiisuiuwazidenienmnouiia

= A o = v a o A A o a'
‘V]'sj@ Wi@ﬂq(ﬂ@‘UVﬂ,ﬂaLﬂENﬂUN@uvLGU‘V]ﬂ']%u@ﬂJWﬂWﬁ!ﬂ

NITIvINMIeusnaluladana sy i IngraeTvigau

o

Ui 11 atudl 2 nsngiaw 2561 — FuanAu 2561



Industrial Technology Lampang Rajabhat University Journal 7

Tunauii 8 nsaaeuinaiiiengavha f1deuludng 1 AldFdlHuaTe THuans
Snoufimngaudian SasiulFnduludunoud 2

4.2 n1suFulgsnisAunnaniziulaelddnsrdaunasdrluisnrsuidiney
ﬁtwuq:auﬁqﬂLLUUQeﬁa

n15USUUTUTEaVENMRRIE NI A R UM auNga kU Uk sH L aeldIENN S

(%
=

ﬁummewauma’mamﬂmuamauu ’Jﬁ‘lﬂ,ﬂﬂﬂu’]u’ﬂsmu(lﬂix‘lﬁiﬁwuﬁﬁ‘u%@ﬂﬂ’]iﬂu‘ﬁ’]LL‘U‘U

o«

f};!\‘i <‘lIG]EIQ’IG]EJUV]DLG]"\]’]WJSNQNQE]'WLUU@W@@ULQW’] au Y3k ﬂ?il ’]éj 1MBUABUILENAIROU

d d ¥ 1

PNEN ?ﬁﬂ’]iGUENE]Gli']ﬁﬂ]ﬂﬂ‘l/l@fl‘i]“%ﬁ&ﬂﬂﬂ’]iﬂ’iUUNﬂ’]iaL‘m%ﬂ meu lngnsusuaun1ITNIg

q

ﬁn

(%

Lﬂaaulmsuaarﬂqm yllFdne Uiy global FBasiausiizenda “NsUTUUTINMSAUM
wnziulaglddnsdiunesdlulsnismaAmeulivangaunanuugaia” (Improvement
Local Search using Golden Section Ratio in Bee Colony Optimization: ILS-GSR-BCO)

TudanosSuMEUs LN UNLAID 1N L UBIAY (@Un157 7) tngldaunisn 8

v =X; +F, (xij — xkj) ®8)

Y
= [y

die F, AeasAusenausinauivedsuminisasaunaemsinidduegive a

(%
Y

k4 1 1 J [ & A o SIS
war b Iaglunisadraunasemisliniasgnuesdndutunsunivualils Naddue

(%)

1y
4

e

(%
[

I3 o & ) =~ ) A & a o A v
yndsznauninu F, 93AU32naua1nlnen1TUsurunuiduasdaIngnaoiniy

o

. 2D

ile3usziuunasemsifinaunings ﬁﬁUWUWWﬁWﬁﬁﬂHQQﬁﬂﬁuﬁdﬂ WsAumangiy
gnihluldfu F, iilemunuesduszneufgudsayilisuussiuldiundsemsalas
UszAnsnings annsasinlalasanileddu f(F) Tuiudidadula (-1, 1] (-1<¢, <1
Mnaus 7 AnamuesvesiadideaufiensnnfureafiAnisnisdum mantsAum
Tufimnsavdsalildaniniiaenrdestuargnimualiduunasomnsdmiuddagusio 1 1

sndudnsmson sAumdLaneargnihluldlunsimunssdusznauiinu
ielldunasermsiifiqunin lngazairegaasigatiedmuatisvenisuszanana

Ao [a=-1b=1] lnednsrdrudnasmuialaainaunisy 9

5:1+\/§

2
Fthaﬂ Fz ﬁWU'vaLé{qnﬂaﬂJﬂqiﬁ 10 - 11
b-a
b-a
F22 =a+T (11)

NTIvINMIeusaluladana sy i Ingndesuigaiu

Ly

Ui 11 adudl 2 nsngiew 2561 — FuanAu 2561



8 Industrial Technology Lampang Rajabhat University Journal

AntAINMIsUsEIliuAIves f(Fr) way f(F7)asgniunuSeudiiou wazan
f(F)) < f(F?) asunudn F? ¢e b uasduneuiiasgninglureuwsnisdumintesnin

auaz b

5. HaN1INAGHBY

nsUsuasunisindeulmvesdaddlunsifeluasell siliAnnisunisvesdmey
AotwAnLazgIgavedInauitisaual Weldignsndnauelu agvilinisiadeulna
voslsraduliegnadivuuuny vlidumaneuldegadiusyavanmn

5.1 szuulnihmdsildvnaseau

s ] e 2 ' = v = o a
nsaiAnyIN 1 nsdlAnwrdiduszuudng 9 NUsznaumsAzosnilaluil

31A304 karliadudean1sidlaia 150 Mw Jeyassuunandumnisnen 1 adudsedns

msqzyﬁmaaswué’m”w%q (Kumar, C. and Alwarsamy, T., 2012)

M15197 1 AauanvazvauaIaailialninsdidinun 1

Unit Pi,min Pi’max a bi C,
1 10 85 200 7.0 0.008
2 10 80 180 6.3 0.009
3 10 70 140 6.8 0.007

AsAAN®IN 2 UsznaunietaIaanidalndindssuauiou 6 1aTeg 26 Ua
Laza1eds 46 Ly Audeanisiagaliin 1263 MW audnwuzvenaIaanuialiill

WABLATOILANIRINIT N 2 warllAmduyseansnisgadeluanededsensds (Khamsawang,

S. and Jiriwibhakorn, S., 2009)

M19197 2 AasdnwazvanAIesnLilaliinsdlfnwn 2

Unit ! b C P min P max
1 0.0070 7.00 240 100 500
2 0.0095 10.0 200 50 200
3 0.0090 8.50 220 80 300
4 0.0090 11.0 200 50 150
5 0.0080 10.5 220 50 200
6 0.0075 12.0 190 50 120
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5.2 Han1saaesan unIsallaznsilseuiisuna
Tun1ssraedldTusunsy MATLAB peufinnesuuuddlde Intel(R) Core(TM) i5
2.30 GHz w33 8 GB UuszuUUUAN1T Windows 7 ¥N155ud1uu 100 58U WUNNINAEDY
panlu 2 nstAnw wiaznsalAnwIwUINTUSsuisurasenidu 2 @ d@uusnanis
Wisuiisusenindistsiswuudain (BCO) AudsTiinaue wardaud 2 Wisufteunaves
AmauiuInIsuuudy Taensddnud 1 ldnan1591a095In15197 3 Lazn1s1ed 4

g Ql' Y o PN N o w
ATUANEIN 2 iﬂma@\imqﬁq\iw 5 Hags1319n 6 auanny

A1519% 3 NAN1SUSIUIBUTENINGI0 BCO kagdd ILS-GSR-BCO nstifinw# 1

Method Best cost Average cost Max. cost | Average iteration
BCO 1597.51 1597.92 1600.54 627
ILS-GSR-BCO 1597.48 1597.51 1597.56 256.8

a6

NA1599 3 35 BCO azdlewingnagf 1597.51 uaziiAgeanagf 1600.54 Turauei
n1sndnauedulviraneg 1597.48 warAtasaain 1597.57 o1 m1Aadgves
a0

mnauinlid1ladevesfneuveisn1snduaueiinasnit WewrinAwianuazgegailan

IndiAgaiu ludiuvesn1sgiimiA1neuds BCO duiusoulRdeagn 627 50U luvueh

'
a o =

FEn1sidnausiidiuiuseutafisagil 256.8 50U Fuanaliiulaegiataauinisnig
Minavegiimdinauldegnesiniia lnefiannusuiinduiefesas 59 wazA1veIRInaU

Sananslmiudalseansninwesisnsndnausldegstaiau

ﬂ. a = U o v a o U ‘ﬂl o a ! ‘ﬂl
M19190 4 ﬂ’]iL‘UiEJ‘UL‘VIE’J'Uﬂ']iT\]ﬂﬁiiﬂWa\‘]ﬂ’]iNa@ﬂWaQVLWﬁ’]‘UENLﬂﬁ@ﬂﬂ%u@LLG]EWL@?EN

g ‘NI
AFUANEIN 1

Units Conventional method BCO ILS-GSR-BCO
P, 33.47 31.61 3291
P, 64.10 65.54 64.51
Ps 55.10 55.21 54.92
Pt 152.34 152.35 152.34
P 2.34 2.35 2.34
Tc 1599.97 1597.51 1597.48

1015199 4 WunsiSeuiisuisnisnuiausfulshuus iy (Saadat, H., 1999)

waeds BCO azulidnisnsnnaveiianlddnelunisndnginedf 1597.48 FalAiesnin
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NN NUTB UL UNIEBIID

Mlmaelainisnssenanduisnldlonaass

Jadelaidisnsnvnauslinadnsvesmmnoudululunieia

A15199 5 Nan1sUSeULBUsENINgls BCO kagds ILS-GSR-BCO nSelfAn®il 2

Method Best cost Average cost Max. cost Average iteration
BCO 15439.88 15441.69 15445.54 438.5
ILS-GSR-BCO 15439.51 15440.38 15441.47 145.9

91115199 5 WWunisiSeuifisunanisudineuvesaldatesinlunisudn

Tunsdlnwit 2 Tne38 BCO frnsingnetfl 15439.88 wazilAngsgaegi 1544554 Tunaisd

a

En1sidnaueduliieifiigaegi 15439.51 wagAgeandl 15441.47 WetdanmiaAniade

YaaAna Uy AR veIRIAaUYeIITNsIIEUaANTT HenAWAnLALAIEEALlAY

a1

IndtAgeiu TudiuveanisgidimAmeuds BCO dduiuseuaieadi 438.5 sou Tuvuei
ABnsidnauefisruiuseuinfivegil 1459 seu finrusniinduiclevay 33.27

LagilUsEaNENMUINNINITNIMAIRBUNMIN L AU NEAWUURIRILUUALAL

ﬂ. a = o o v a o v ‘ﬂl o a ! ‘ﬂl
715199 6 N15LUSeuLisunsInassnaenIsuannaelninveuaIeendaunazlAS o

ATUANWIN 2

Units HLBCO MSA BCO ILS-GSR-BCO
P, 449.03 450.13 447.63 451.34
P, 172.48 174.80 175.58 173.76
Ps 258.05 256.97 257.77 257.61
P 137.72 139.72 136.42 137.45
Ps 166.52 162.72 162.35 163.72
Ps 91.37 90.72 95.35 91.24
Pt 1275.16 1275.07 1275.11 1275.12
P 12.16 12.07 12.10 12.12
Tc 15439.63 15439.54 15439.88 15439.51

NAITNN 6 WUNATDINITUIAINUVDISNsALEUDUS s UsUAUIT NauNay

LLauﬁﬂﬁUSJ%Q\‘iﬁ\‘i (HLBCO) (Khamsen, W. and Chiraphon Takeang, C., 2016) Femsusuasu

A5n1511A7

'
=

mmzamﬁqmimmif\i’ﬂaaamiaumﬁm (MSA) (Takeang, C,, et al. 2017)

LagISwuuraRs (BCO) axviiulainisnisfidnausiialddnelunisndnsiuegi 15439.51
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FallAesn113sRUu L USsusUT9a1u3T F90elain3Snnsnuaue liNaansveIAInau

WuluTunand dlmaelanisnsaananiduisnlylanaass

6. #3UNAN13IY
nsundggmnisdnelnanegrausendameITuiuusanseuunsiugIuYedsn1sm
° = =i £ Yo o ] o & % = e
mneuvsnzauianuuussidaeldisensdunesi Fudunisruniameau lunsalfinw
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a = o o = = ] c o & a < o A Y
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Auseuiiiaunisnsadaaansvassununisndniiduiuuisey Wedwwssuiieuiuis

' o '
aqa o C% 1 a o

& a 2 P a v ° A a an = P
BCO wuundtiuaztiulain3sndnausdulia1veeainaunaninisnuiundseuiieu
Ingszeyyinagarnantazasanvesdnauiianulndidesiu ansananladmneunlaagly
Maqmlmﬁuﬁmamawwﬁu LagAadgvrasAInaulliAlndlfesiuA1989A1naUNANga
a = < A < v ° ac A o ') ' Y Y] ' Y
dnUsmiunila Aeanusilunisgitimdneu Fensimiiauelvnadeutnsdnianiinisgidn

o a a < I aa ng a 1 a
PAINBULALNTEUIUNSUSEUNATAIIULSININN1ITNT BCO wuunatiy Tudiun 2
Taynsiseuiieunuds MseuluUAaRY 35 HLBCO 35 MSA wagis BCO A5msnuaus
IiAvasrmaunanitdullosnanesdlsenaumaunaluaulvigiamdmeulafninsy
Feanlaidunesusuls arursan Ul dunuinialunisananunisudanidasnulndii
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Logistics Operations Optimization in Case Study to Transport

Routing and Production Scheduling
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thenuitanadsvesnulusysuvresnisinnutesninisnisduy q lnenatanasdndu
Seuay 3.59
AdIARY : NMsUangy, MITiawnsiagldnasing, Mvuenswuunadn, n1sInaduLdumIa

ANSVURY, NNFIRAIAUATZUIUANTINGIY

Abstract

This research was aimed to develop a model of problems in logistics, Improved
from existing theories and applied to solve problems in logistics. Applying a combination
of theories, there are already 3 theories: Cluster analysis (CA). Differential evolution
optimization (DEO) and Dynamic Programing (DP), the researcher used this model to solve
two problems of logistics operation: 1) Transportation routing of school milks and products
2) Production Scheduling Example of Job Sequence Label shop.

The results of this research to applying a combination of 3 theories, Processing of
transit response to distance from the research to compare with the original distance before
doing research, Linear programming methods and the method of combining the 3 theories,
which the researcher has analyzed in 2 forms: 1) segmenting data. Defragment the group.
And the connection between 2) Divided into groups make a connection between the data
groups that are arranged with the first point and then sort the data within the group. Each
form can reduce the distance from the original transport of milk in schools. And shipping
companies In Chiang Rai Can reduce the total distance from the pre-research and a shorter
overall path than linear programming and ant colony system, distance decreased by
17.57% and 22.77%, Production Scheduling example of Job Sequence Label shop found
that the average time of work in the system of work was less than other methods time
was reduced by 3.59%.

Keywords : Cluster Analysis, Differential evolution optimization, Dynamic Programing,

Transport Routing, Production Scheduling

1. unidn
lunisandugsfansedniiufonssudi q Sudufesliszuunisuinisdanisin
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) v A

YagnAlanuaIinmuakazUsEndadsunu nsdnardugnAiveliiinnausslevigegn

Y

o w 1

ADBIANT NITINAIAUNITYINIULINBIALAYINIUNEIAYNINNEUL ATTANITINILNUNITNER

a

d' 1% A v ° 1 [ 1 d' L% [y I v
Lwaiﬁlmmawamwmunummw nsangsanielinagauiuay Wuau lnaaniglusyuu

nsdnnsladaind Swnsdilgmmaneedne lddirezidudywimsdadunmsdniveunmug
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Vm,n,G (f(Um,n,G) ng,h,G)
UmnG+1 = (4)
o X n.c (othen)
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Industrial Technology at Lampang Rajabhat University. The research method used was to
collect data from two sample groups: 1) basic information of students from the Faculty of
Industrial Technology received from the Educational Service Division of Lampang Rajabhat
University (1068 students); 2) factors for choosing to study in the Faculty of Industrial
Technology from present students in 1st - 3rd year (334 students). The collected data was
reduced to dimension using the Evolutionary Selection technique and the FP-Growth
technique was then applied to this dimensionless data. Data analysis revealed that there
were 36 factors out of 57 factors. Regarding the deciding factors for further study, the rule
of relationships consisted of 20 rules. The best rules were the relationship between the
course titles, the popularity of the course, and the content of the course. The confidence
was 0.894 or 89.4 per cent and support was 0.456 or 45.6 per cent.

Keywords : Data mining, education factors, public relations, selection, FP-Growth
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7. IaSuuenuUTsIaNASANBIaLATIZY 6 0.56
8. B 9 WU PN INedudy 26 2.43

374 1,068 100
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91015797 1 aziiuldindnfneivesauzinaluladgraivnssuuiainlsauseu

Tseudnuvessyuna Wudwlny sesawnfelsuSsuaiidinuvessy

3.2) msszytademiunldlunmslinrsiieaidlunadmiunsussanduiug

laviinsimsesimemaiia Evolutionary Selection fiflnszuiunislunisiiaiulaenisdy

v

Yadeandadugaudiinnsaunaaivinmnade i adamaliuiminigiu
2 vy i v A o ° v S v Ao o o & A & &
uly wivndadeimhundnalvinavesaniminidiaszdaladedunaly Meiawise

LERSAIDE1INTIATIZIMIBLUSINTY RapidMiner Studio laRsnIni 3

Process Parameters
@ Process » 100 02 O L [ o @ &, Process
logfile B ®

Read Excel Humerical to Polyno... Optimize Weights (E...

inp fil J  out exa g exa exa l=_ exa fes
=] 2 ~ % % res
ori att wei

resultfile B (of

i &5 res /| randomseed 2001 (6]

| ta res

:;‘ Hide advanced parameters

e/Chan e compatibility (8.1.003]

AT 3 uansiag1en1slelusunsy RapidMiner Studio Tunsiiasigideyaniemnaiia

Evolutionary Selection

=] ) | a ¢ v ~ aa Y] v . .
MN1919N 2 LLaﬂﬂm'ﬂaU’NNﬁﬂqiﬁLﬂﬁqgﬂsllallalfwaaﬂllmmaﬂ%aﬂaﬂ'ﬁﬂiﬂi%ﬂﬁm RapldMlner

Studio
andudi Uady Antinwtin
1 LWAYNEY 0.632
2 dusansAnulusyaviseufnwnautans 0.572
3. TANUITANTITNNITNEAS 0.490
4 | yefuluaseuadiegluszauliunans 0.405
5 N1ISUNIIVININTAIATSULNANEIAINATEUAS? 0.373
6 AssunTvTmasniuleduninede i naung 0.431
7 AFSUNITIVANIEITAINLDNETUTLVEUNUS 0.000
8 MIFUNTIUINETNTUA 0.643
9 fumlsisvesanuAneninasenisinauladondnese 0.788
10 | snelavestaunsaiinasenisanduladonfnwne 0.662
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3.4) a¥1amnganuduiuivesiade Weviinisiinsginidadedifeados
MnnszuauMsanifteyadsuiosuda Jahluinsmngenuduiusvesdademandu
Fromailn FP-Growth 3eiinszuaunisinaufiudsesndu 2 duneu Tneduneud 1
991MN158319 FP-tree 1ngagyiin15AIMIMIAT Support Yae5Uiuulaly e
1 Yadutuly wazu1u19ALSItayanIuAn support 31nuntUTeY wavdunaud 2 fe

v 6w

nsasegUkuUYesladenduiusiuain FP-tree Mad1aduludumauusn

Process Parameters

@ Process » 1000 P L | & @ F & FP-Growth

min number of... 50

>

o re max number o...| 100
- iy
Read Excel Humerical to Polyno... FP-Growth 5
= positive value
fil $  out exa g exa Q exa @ exa )
o g = o E fre =
4 / min support 075
v S

&3 Hide advanced parameters

Help

v g FP-Growth

< i > RapidMiner Studio Core

AT 4 uansiiag1enisldlusunsy RapidMiner Studio Tunisiiasigiideyaniemnaiia

FP-Growth
| E FrequentitemSets (FP-Growth) “ AssociationRules (Create Association Rules)
No. of Sets: 82 Size Support Item 1 Item 2
Total Max. Size: 3
1 0.661 Rest
Min. Size: |1 1 0658 Farm
Max. Size: |3 1 0.631 Wedia
Contains ltem: 1 0.522 popular
1 0.607 teacher_info
| Update View |
1 0.601 knowledge
1 0.529 seniort
1 0.520 In_Med
1 0.505 friend
1 0.402 LFRU
2 0.505 Teacher Family
2 0.556 Teacher content
2 0.529 Teacher program_name
2 0.517 Teacher Rest

AN 5 wanaradnsannsldlusunsy RapidMiner Studio lun1silasigndeyameimaile
FP-Growth
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4. Nan1538

INKANITIATITAVOUALND L

Y

WsuglLuunsendinuuzkazladeniinasdenisiden

Anwdelunusinaluladanaivnysy inInendesvigaiune tu ievinisanifvesdeyas

v a

memalla Evolutionary Selection vilvianunsaanifvestoyaainiiu 57 Jade widowies

36 Uady Feaunsouansdiegavesdiideya 10 duduusnndardminvesdadegaga

= o w ] o =
Lﬁﬁﬁaqﬂﬂﬂqﬂuqﬂlﬂuaﬂ ANRNITIN 3

a Y ! LYY o aa ’oj LY
A15199 3 uansmed1s 10 dudy vesladendaniwilngegn

areud] Uy Anvimiin
1 ANANTYU 1.000
2 | Uaunsavirgsnadu 0.984
3| deanusadundnaussiamia 0.952
i fonNuiAemIelasEnINs e 0.915
5 | mswusihvasasiuzkininanen1sindulufenfinuise 0.887
6 | WWuwemdgs 0.877
7 AnssueNIvihAsdy 4 uenwilonan snumniisde wau 0.821
Sumestin vieafien seniaInie Wakeu NUNILUNSIY
8 Sunsrurniasn1sUsenduiusingn1seanUssrdunusinu Ay 0.807
walulaganaivnssy
9 Musinveswinedeinasonisidendadule 0.788
10 Lﬁammsmawﬁﬂqm 0.784

[

WelaUadendeanisuairdesdrunldusznaunisningainudunusninedtag

fumsdedulaienfnwiseluauzmalulaganainnssy WnIng1dessigaiun lnenism

nnANNFUNUS (Association Rules)
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(FP-Growth) % AssociationRules (Create Association Rules)
No. Premises Conclusion Support  Confidence  Conviction
) Media, popular program_name 0420 0.659 2213
32 content, teacher_info program_name 0420 0.664 2.300
33 popular content 0538 0.865 2.065
34 program_name, teacher_info  Media 0.429 0.867 2770
35 Media, teacher_info program_name 0429 0.867 2342
36 popular, teacher_info program_name 0.399 0.675 2498
37 Media, popular content 0429 0877 2276
38 program_name, knowledge content 0411 0.678 2293
39 Teacher, popular content 0417 0.680 2322
40 popular, teacher_info Media 0402 0.882 3119
41 program_name, Media content 0453 0.688 2499
42 program_name, popular content 0456 0.894 2638

NN 6 LanaAnAUERIY Anatuayy wasAEnduRuG

nnsiasiteyaieinasnlunginedesiunsdendnyise awnsaasi
ngANNAURUSLA 35 ng ey
1) [popular] --> [content] (confidence : 0.865) @1113085U18NYLATININ
Unfinwidenfnwiseluamzivaluladanainnssuiinuiiuiindngnsilui ey
& a Y} = i v a ~ A o
wandnilomaszvessngivlundnansinanenisindula lnelir1Ad1uidesiu 0.865
viseTouay 86.5
2) [Media,popular] =>[program name] (confidence : 0.859) @1u15085U"¢
Y1 L= A = ! IS Yo o/ v ¢
nglanindnwnidendnwiseluauzmalulagananssulasunsunisussodunus
NP0 9 waznangasiaduileuavidendnuidelunuzinaluladenaimnssy
uansiendnansiinadensindule lnedidrmnuiesu 0.859 wieseway 85.9
3) [popular,teacher info] —>[program name] (confidence : 0.875) &115085U"
EA v =2 A =2 ! S < ! v < a
nglaimnindnwiiiienfnwidelunuginalulaganainnssuiivimdngasilundey
Lazlasun1TUuE19IN01sduUTLLL Lanvinteviangasiinasenisanaula InediAiaiy

Fostudi 0.875 viso%eray 87.5

5. dgunauazn1sanuTena
° a Av aAa A v o aa ' A ¢ '
A1AN15A1AUNISITeNTL T Nu g AUnIdadeNinanan1sidon@nuyine
lunnzinalulaganavnisy unIng1des1vdgda1une wagiensukuuveIAUduius

seninladuniinasonisdendnwiselunmznalulaganaingsy unine1dessigaiung
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Tnemsinsgideya andeyafiuguvesindnunilldsuainnasuinisnisiine uminends
519881019 wazannisniusadeyalaglduuvaeunmsiutiedefiferdesiunisiden
Anwdefidrsannindnwiligty anansnagunaldsd
1) lumsdumiladeiinasionisidondnudeluanzimalladgnamnssuseinaia
Asaniifivesdeuauuy Evolutionary Selection wuinadedliarnnisdrsradiuay
57 Uade fiiles 36 Jadeiifinasonaidendadulaiin@nudolunmzimaluladgnaimnssy
ogausiase Feladeiinaiensideondnuirelunnzinaluladognamnssy azifeailestiu
Aldiglunsfnwisie n1ssunstunasn1slnsuadnsisey wardnsnavesunrawInaey
yostinAnwndundn
2) Tunsmguuuuvesmnuduiiusseninetladefifnadonisdondnuselunmy

waluladgnanvnssu s dasdeiliannisaniddeyasamaiia Evolutionary Selection
uwdadmau 36 Yade wihmslesgiiiennguesaruduiussenintadefemaia
FP-Growth nui1 fingauduiusidululidmiunisidendadulalunisdidnwisde
Tunnzeluladgnanmnssusiuiu 35 ng Tnefingiddannudesiugeiign 5 Susu Téun

2.1) [program_name, popular] -->[content] (confidence : 0.894) @5a8R UM
Igmntndnuiidendnwidelunuinaluladgnamnssudevemdngnsuazndngns
faudovazdonfnvideluamzinaluladonainnssy wansindenvendngnsiing
sonsindula Tnediannadesiu 0.894 vide Josay 89.4

2.2) [program_name, Media] --> [content] (confidence: 0.888) @138 U18Ng)
1§ mndndnufiidendnyinelunmeinaluladgnaimnssy lesunsuiendngns
warlddudoussnduiug uansindamemdngasinanisdadula Tnefdanudesiu
0.888 3e Yovay 88.8

2.3) [popular, teacher_info] --> [Media] (confidence: 0.882) @1115085U18N4)
I mndadnwifidendnuideluanzimaluladgnamnssy danuiuiimdngns
Juiiflon wagldSudeyaiivaduenaisdusedmdngns uansingunuvreaionans
Uszandustusuesvangnsinanisindula Tnefienaandesiu 0.882 vie Jouay 88.2

2.4) [Teacher, popular] --> [content] (confidence: 0.880) mmma%msmgiéf
Tnntindnuniiidendnwseluanzmaluladenamnssy lsudeyandngnsaineinsduuy
w7 wagdmnuituimdnganduiiten wansiidevvomdngnsiinanisdndula Tasdia

AULYRIY 0.880 %138 Saway 88.0
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2.5) [program_name, knowledge] > [content] (confidence: 0.878) @ansasduneny)
ladndndnwiidenfinyideluausinealulaganaivnssy lasunsivtendngns
LagllauinugIumviizauiunangns wanvintlonveandngnsinanisindula
InediAiAnugesiu 0.878 wie Souaz 87.8

g X o a av A v Y v w ¢ o aa ! =
NHNAIA ALY AUty wazmuduiusvestiaduiidnasenisiden
Anwsiovestdnfnyluamzinalulagdanaivnssy unnine1desivigaiuas nudnlu
AuduRussznIeladendainnudedugeiu drulvguansliiiuindevssndnans

& = )~ ! = = ] & X ~ oA M
wazlilonveenisiseunisasuinasanisiienfinyisie NeldiunileliiTesvesguuuuie
Usg 1 FunNUs 10183989 A9 ulULLINIUIN1TUTEIFURN UGSV ANBIR B
lupuzinalulaggnamnssy msduliludiuveendngns uasgluuuvesdoussunduius

a o I3 P v v v A o S & aa & 1 i a = i
dnvsUsviaunilanuesiulilafe nisivdngasduluniey Ndwaranisidendnuise

LU

6. NAANSIUUIZNA

vevouamamzinaluladonavnssy ainendes1udgdn Aldmsatuayuy
sudszanalumssuiuns aanansdauivimnssmendniftgliveiaueuuy Aav
uninedeswigdrrsazidndnuiansnaluladonamnssuilideya anudndiu
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Abstract
Using the simulation technique, this research applied two replenishment models:

1) continuous review policy; and 2) periodic review policy, to the Central Supply Laundry
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Department (CSLD) in Songklanagarind Hospital. The objective of this study was to reduce
the inventory of fabrics in the medical wards and the number of trips to replenish the fabrics
supported by the CSLD. In this research, two replenishment scenarios were presented
according to a 99% service level. The first scenario classified all fabric using the ABC method.
The continuous review policy was then applied to all fabrics in the A group while the fabrics
in the other groups (B and C) were replenished using the periodic review policy. In the second
scenario all fabrics were replenished using the periodic review policy. Using the simulation
technique, it was found that the second scenario was the most promising implementation
method in this hospital case. In this scenario, 1,471 pieces in the daily fabric inventory could
be reduced by 489 pieces (a decrease of 24.95 per cent), compared with the current
situation. Conversely, there was an increase in the number of monthly trips of 76.67
per cent (from 92 trips to 212 trips).

Keywords : Transportation, Simulation, Inventory, Replenishment, Songklanagarind Hospital
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2 n3dl Ae nsdlmsifudnedeeiilas (Continuous review policy) %38 (,R) policy wagnsel

Maidunnusseznaiininue (Periodic review policy) %38 (RT) policy (Lalitaporn, P.,

2006) Ingiinsauleuiisuivaniniagtu (Aouunsiay w.a.2560 AUDT LABUNG¥AIA

W.7.2560) wazlaantdisn1snAaaUN1THINLIMETAvestayanieslalilnson-awesuen
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(Kolmogorov-Smirnov test) AsgAutiadfsy 0.05 Gatayanina1didn1suankashuudn

=

o P - 9 o 9 ¥ a = o A ] a
A9a15199 1 waztitedesiulgminaziliiiansgedelontaniaIousiniguazdme
sgliliisaneraUsunanudens snnslutagdunamheinedinandseaumsliusnisey

[
[

PUszanasaay 99 Aty TuwidedlalsnmunseaunsiusMsnsesay 99

M50 1 MIUANAWALINT DI VR BYAANUABINTAT DS ELaE A U IsiRE R U e

Fvanafigedun 36" x 60" Hudafaduns 12" x 12"
ANIELADS ANEILADS
viagfUae nsuan | dede | Andequu | mswan | duade | Andeauy
Uag (Husia | WAz Uag (fuda | wnsgu
W) | (ludet) W | (Husedw)
918 INTTUNYY Unf | 250.00 89.20 Und | 102.00 8.96
mqsnsauﬂ"ﬂﬂ Un# 71.90 23.60 Unf 72.30 15.00
P1yINTINYI 1 | Un@ | 198.00 44.00 unf | 173.00 69.40
91930351 2 | U@ 42.50 6.72 Un# 86.50 8.45

1) nszUruUMSALLfuAIosiainIsuas Amevemieineiina1aLuy N
Fudnogeseidlewdeulouisuvy (rR) elaTesudanisuazdmeanasaufsgaiiuii
\3asussmeuazame (Reorder point) azdinsiiud Tnslunisiunfaudasadesivsuna
AT aunsofuiumgalAstAsiaesudenisnazdme (0 1fanaunis
(1) wazUTunafinasdafiuinieaudsniouazdmelunegviegagn (R) léainaunis
(2) wazUSnanedosussnieuazdmedsoslunedtae (ss) ldanaunis (3) (Lalitaporn, P.,
2006) vitelmsnzaufuUSInamsldanuvesusazredng andeyalusin wuin Usuw
nsldiadosusinmanazAmoinginssunisuanuasuuutnd fadu aunslumsdunddd

AN UUYUNG (Normal Distribution)

L T—L
_ SpL(5)
co=1-06 = —2 (1)
Q
R=r+Q 2)
r=ss+ [, (3)
o - Tamanesaawsanewardanaliiile awmesanisusnis
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L(5)

SS

A dBauuIns LTI IFBINTTIATR RSB AL A D
Usnaiimsiniuiaiesussneuasdmelunerinegaan
WALALAToIAIBUAL Eme
AadsaufeInsiATeudIeuazdmelutis T

Y IR NN UULALINAWLATDILFINULAZEIND (T296387110 (21319))

a8 A a d’{ = 2 a ! a 1
ﬂ'J’]ﬁJéjjfgLﬁEJ‘VILﬂ@‘UULuaﬂ‘mﬂUimquﬂiaﬂLLGNﬂ']EJLLaBﬁ\WI’e]‘lﬂJ

BN DABAINUABINIS
USunaufutduiadausanietasdmelunsazas

USunaaseausismeuazdmedisediuveriUie

nMsAIuUSInaMsiufuAIesninekasdmeluwsazasa (Quantity, Q)

aansamuInlaanaunis (4) Uaitwijitra, C., 2004)

T~ O \» O

2SD
= = a
Q 0 (4)
USunaufuLduadauaanietasdmalunmazas
sunulunsiiudiueseusinieuazdme
USUUAINUABINIST MU AT BILAIN AL AIND

Aunulun1shonsolLAToIAINE LA FWD

2) ﬂiB‘U’J‘Uﬂ’ﬁLaﬂJLﬁ@JLﬂ%ENLL(?]IQﬂ’]EJLLﬁ%ﬁﬂV]@‘UENWﬂ’JEJﬂI’]EJﬁ’ma’NLL‘U‘U ﬂ’ﬁlﬁulﬁu

A o - ] = ° | a
mmwzna’mmwumma‘lﬂ%1EJLLUU (R,T) I‘UGU‘UG]EJULLﬁﬂ“\]gllﬂqﬁﬂ']WUWGU'NLjaqSLUﬂqiLﬁﬂJLG]@J

1 O a I3 ! o a A a & a1 W = (Y a
VBAILANASA I "'ZJ\‘II‘Llﬂ']iLG]lILﬁlllLL@ﬁSﬂiﬂﬁ]%MﬂiM’]ﬂﬁUﬂ?imeLG]%JVIVLZLILVI']ﬂu “UUEJEJﬂ‘U‘UilI’]ﬂJ

AsoLAINIewazdwmenmdeagluneliae NszUIuNSRNANIATEILAINIBLAZEMN DYDY

PUIYTIYRINANLUUNITRULANAINTLOLIAITNAINUA dIUITOAIUIUTIUSUIUNAITIALAU

a ! a Y ¥ 2 5 ! a
iwspawsneuardmeluveUisgedn (R atnauns (5) wasUSunauaIsaussniguasdme

drvadlumedUae (ss) leanaunis (6) (Lalitaporn, P., 2006) FadunsAunaildnisuanuas

wuuUnA (Normal Distribution) fail

_ sLEY
o=1—-—0= T (5)
R = prsr + sS (6)
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Tonanasasuwsanienasdamaliifisanananisusnig

o

5] SEAUNSIAUS NS

S ﬂ"]L‘lchJ\‘iLUuu’]@igWU‘U@ﬂﬂ’NﬂJﬁmmi‘?JENLﬂ%‘laﬂLLGiQﬂ’]EJLLﬁBﬁW]E]

R Uinadiesdaifiuiedesudimeuazdmelunerinegian

T SUNANUAIATIVEABUUSUIUAIAGS

T FraSILAE TRdATDIAINEWAZEVE (Trarant (@alug)

UT 41 . Aedsanudesmsiadesudimenasdmelurane T + T

d L USinamudedn1siinanlvedesesunineLazdene

L (%) : mmqiylﬁa‘ﬁLﬁm%{wﬁmmﬂﬂ%mmmémLwiqmmaz?wahi
LENNDRDAIINADINTS

SS : ﬂ%mmm’%aﬂLwiamaLLazéwaﬁwsaﬂwaﬂﬂw

3.4 ASWAILIFILUUINEDINITRLAY Tun1simuwuUT1aasan unisallunsadl
T¥n1s9nassanunisalbuuyaudaisia tneltluswnsy Microsoft Excel Tngdnassanunisal
P Py v =~ = ~ a < A 9 ) ~ ¢ &
Pndayalutneny WeiTguigusuiuumsanaunaenafeiunsaAnyInavun 2 sukuy
Ao MIALALDEADLIRY LazNISHUALANLSZEZNAAMUA
1) N1591899a01UNSUNITRLLANLUUABLEBY aAuwIumUSUIUNAISTALAY
geanlundanazyaifufundoudiniowazdmends Fed1aesdaaruni1salnisiiuiiy
LUUFDLEDY NS UIADIUNISAINLATBILAINIE LA E MDA L NeINABNISUSANS
wagdasigimsnuauiieilunsiduiuluunavineu lneldusudiuin (Spreadsheet)
FeluusazuruAinzlanstayaUsunasasodusiintswazdamelunsdasdilueildauly
wardidudslunsindula Aegadiufuaieauwsiniguazdane (Reorder Level) wasusunm
a [ =3 a 1 a v . (% a
msdaiuinTasudintenazdameluvediivasan (Maximum Inventory) sauandlunini 3

wUUTABIANUNSRLPLLAS DL eLarAsmassulaugwuy (R)

Day | Hour (1) [ Hour (2) | Unts Re | Begin lnv. | C Pecentage | Demand (howr) | End Inw. |New Level] Lost Sales | Order? |Lead Time | Recpt Dar
16 1 214 214, o

17
18

o

B

2 0.
208.0 | 208.
2 6.
2 2

204, 0 202.0_| 200
202. 5 200.0_| 200
9 200. ] 1980 | 198
1 1 1 1970 { 1
1 0.0 197.0 020 | 043 0.0 | 1970 | 1970 | 00 |
12 0.0 197.0 1020 | 066 1.0 | 1960 | 1960 | 00 |
13 0.0 196.0 102.0 0.64 1.0 195.0 | 195.0 0.0

14 0.0 195.0 102.0 31.88 33.0 1620 | 162.0 0.0

AMA 3 LUUT180I0AN MNSLRLLALLASDILEINE AL AINasEUlaUIEWUU (1,R)

IR 1

5

&

2

=
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2) MsassanIunIsalnsiuhunIuszesIainue WeAwamuTuw
Pensdniugealundsuazgaifnfuaisssinetazdmends Jsassaaiunmsalnsiuiiy
LUURNUSEEERAI AR Weliansananunsaiinssawiiniswasdmeazliiisanasionis

a a (3 o A a < ! A £ ! o
Usnswardiaszinidnnuieslumsiuisluwiazeiou Tngldwiudauiu (Spreadsheet)
FaluwsiazuruA1IMzkanItayaUTuMATowsIN ekardmalulaazd lusild e uly
Tnadduuslunisdnduls fe Ysuaiaisdafiuiniesusdniewasdmetunaliiegdn
(Max Inventory) Aauanslun1ni 4 wuusiassiaitunisiufunIousineLasdmenis

yleungwuu (RT)

Transportation 30 Trp

8 Day Houwr (1) | Hour (2) | Unks Re | Begn Inv. | D
1

d(Day) | Pecentage | Demand (hour) | End Inv. | Shortage | Order? |Lead Tme |Reopt Der
2.0

2 0. 108 2.0 6.0

0.
0.

1

HEAEEBEREEEEEEEES

L
L.
0.
0. 0 9.
1 L8 | 5.0 4.
0 54.0 109.0 3199 9.

22

O )

24 6 15

- o - ° a « = ' a v
AN 4 LLU‘UQ’]@@QL’J@WIUﬂW?L@NWlllLﬂﬁax‘iLWNﬂ']EJLLﬁgﬁQW@ﬂjﬁJUIEJUWEJLLUU (R,T)

3.5 MINTIRADUATIgNFDIAIAFBUATMALIMAALNG Tudunouiidumamuaey
Fruuuiitelwifuladimuuuiivaunduiinginssuiiaenndestussuunisinuaied
n1s5AnE laen1sUTeulis unsEuIUNITINIUUUAILUUTULNUAIWIN (Spreadsheet)
AURINTEUIUNITVINIUVBITTUUITE NINTIIFRUNTLAgNIAUIN Lagn1siuSeuieuna
ns$1aesvusiudaiudeyaildainszuuase easaaouaugniedunisiaun
vy dmsummadouaNANIRANKaTIT LU UTIRA TRl dnsade AL gy

a [

1eaiAsEniteteyadinszuvaseiudeyaldainuuuidiass agIn1snaaeuLu t
U 0 o v U ! U dl

(Two-Sample t-test) NiseAutiadAy 0.05 toduduitfuuuiiauTulanuauvgaung

AUTLUUDS

4. NAN5IY

4.1 wan53duiieanUinansiniuinIsaussnsuardmelundsvemerUie
nuusmdlumsUsulInssrumaiiiuieiousineuarameremedeinastan
2 WUAMIe Ao MSduLUUReg (r,R) LA MIAUALLUUAUTEBEa TR (RT)
Tnsuwmsmsidndiauuudeides fesvhmsfnamusmanmsiiufuaieusineuasdme

AOUNIZAILIUNIUTLIAUNITIALAUAS DM INIBLAZ A tazlaUSu1anIsANLALIAS oL
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v A

Ui 11 afuil 2 nsngiau 2561 - Sunau 2561



48 Industrial Technology Lampang Rajabhat University Journal

nMenardmeluusazadiwesnsduiuuuuseios Imaﬁé’quuiumu@uLﬁum%"ammﬂ’m
Wavdme (s) 511 20.47 UmsenISiAuiL 1 e éfuvguiumiaamaaLﬂ%’lauwiqmauaz?iq
nevesruNAAduN 36" x 60" 1A 0.45 Unsefiusietu warduyulunistonseaies
wAsneLardmevasindnfiduns 12" x 12" 5101 0.10 vinseRureu Tt muaUSun
amugosnsidnuedsuldlunsmuin famsed 2 Tudwvssmsfiufuluunussezon
Afvuniy TldosinnisduamiUsinanisdufunisusinisuavdanelutdas ads

wiUStnamsiufivaziued fuusunanlaldll

A51991 2 HaN1SALIUSHIUN S RLALAT BRI B kAT EmBlULAAYASS

F1Y2M9LRgedva 36" x 60" Audafadenn 12" x 12"
ol ANUABINNT USuuns ANUABINTS USuuns
? 1¥9u (D) Huds (Q) 1911 (D) waa (Q)
(Husiadu) (Husiadu) (Rusiadu) (Husiadu)
DY INTTUNEYS 250 151 102 204
91gsnIsuly 72 81 73 173
97g3N334Y8 1 198 134 173 266
91YINTIUYIY 2 43 63 87 189

o lANaNITAILINMIUSUIUNITLANLALLAS D ILAINIELAY FINOLAL F9tiaTlaun
ANUIAUMIUSLIUNISTALAULAS D ILAIN B AZ A9naTiuLnzan FaldnanisAiuiuUSuIuNIg

FAAULASOILAINULALAINOVDING 2 WUINIT FIRAISIIN 3

i o 2 [y < = 1 a 1
A15199 3 NANITANUIUUIUIUNTIALNULATDILAINBLATEINBLUU (r,R) wag (R,T) VNG

LY

anuAmudIALY A (Ve : Audeiu)

HNY919LRe9dun2 36" x 60" ANGaRIaY17 12" x 12"

gl 2NN (r,R) (R,T) NN (r,R) (R,T)

Jagu | R | r | R | ss |UagUu| R | r | R | ss

ongsnssums | 550 | 223 | 72 | 390 | 140 | 140 |216 | 12 | 110 | 8
o1gsnssuvald | 180 | 98 | 17 | 109 | 37 | 140 |183| 21 | 95 | 20
ogsnssuvIe 1 | 360 | 175 | 40 | 258 | 60 | 330 |309 | 43 | 288 | 115
oSS 2 | 120 | 69 | 6 | 52 | 9 | 140 |198| 10 | 96 | 9

nugwg : WWesnvegUlgeysnssuldiinnsldindenlvg 36" x 36" slaithandiu
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NPT 3 WU fenafesdun 36" x 60" VDIRR U0 INTIUNS 918INTTH
ylU 9193057018 1 LareyINTINYIe 2 TUTinaunsdaiiuied eaussneuasdmegg
Tuanmilagiu Ae 550 180 360 way 120 Ausetu Muddu Usinaumsdaifiuiaiosussnie
LarAmogegAINMIAIMM RALIAIAT ALz AmonuUsiaillos (rR) Ao 223 98
175 wae 69 Ausieu mud iy anasnUsnansiafiurdosusinmenasdmogaaaiuanin
UagUu Ao 327 82 185 uaz 51 duseiu mudiu Anluiosaz 59.45 45.56 51.39 Uy 42.50
MudTU USnaumsdnifuieseausameuasamegsanannsAianasiuieiesusnig
LazAmelUUMNTEEE AR LA (RT) A 390 109 258 Way 52 Ruseiu mud iy anasain
USnaumsdnifuriesissneuazdamegsaaluanmilagtu Ao 160 71 102 uay 68 fusiefu
suaeu AnuSosay 29.02 39.20 28.38 waz 57.05 MuAIAU

fdndndunn 12" x 12" vemefUavengsnssunds e1gsnssuinly e1gsnssume 1
LaY01y3NTINTE 2 SUTinumsiaiuiriesussmewarameluanimilagiiu fie 140 140 330
uaz 140 Husetu muddu UsinansdaifuiadssusdsnnouazdameainnisAuinnig
Fiaedesussneuazdmenuusieiilos (nR) fie 216 183 309 waz 198 Ausiofu awady
Tnemoringorganssunds anganssuialy wagengsnssume 2 fvsinadafudiuguain
USinumsdniiuiadeaudsmeouazdameluanmdlagdy 76 43 uaz 58 Rusiofu mud1sy

a

Andudosas 54.29 30.71 uaz 41.43 esnauyulunmsiionsesnIsauminiouazdmeves
Budasidend 12" x 12" §151a1 0.10 uimaeiume Ty YWl wiamnusuianisifafi
TunsiazasaliuTunugs dqwa‘[ﬁﬂ%mmmﬁmﬁuLﬂmqﬁummlﬂéf’m warludiuvawmerUlsene
a A [V < a (%] I3 A 1 a 1y
snTuYe 1 USadaiivanasaindsuianisdaiunsesusiiniswasdmeludagiu
Ao 21 duseTu audsu Antdusesas 6.36 Usuain1saaAuLes o dueeanIgLazaaneanInnig
ANUAIUNISLALLAULAS DILAINNU AL FINOLUUANTZUSIAINAINUA (R,T) AB 110 95 287
wag 96 Husiodu mudwiu anasainUsuianisdaiuesedwiinewardmegegaluanin

[y

UaqUu Al 30 47 43 uaz 44 Auseiu mudwiv AnduSevay 21.43 32.14 13.03 waz 31.43muaRU

[

SloFeuiisuliinainiesussnenarmevemnussaniamengudfuaudidgy
A (Fapn3n9dl @) wuin anmdagtuiiviinunisinfuindeusisniouasdmevemnussian
NENANEWIUANLAIAY A 91U 1,960 Ausiodu Tnouumned 1 SUSinamsdaiunies
uisneuazdmevesnUssAmamzngNdfuAImAIRY A annsdians 1,471 dusiedu
tosninanmilagiud 489 fuseiu Anidufosay 24.95 drunuamnad 2 Tumnanmsdaiy
PpsuRIMeLarAmovawnUssawIzngusFuANLddY A :1nmssians 1,398 duse

Ju teaninanmiagiui 562 Ausiedu Andusewas 28.67
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A13199 4 USUNULATDIUANNELAEE BT NUTTIANRINENANE R UAIILEAR A

Y dnmidaguu wuv (r,R) wuu (R,T)
v‘ag\!ﬂqa = W = W = W
(WunDIw) (WunDIw) (WunDI)
91YINTIUNEY 690 439 500
91gsnsuinly 320 281 204
9185NTIUVNY 1 690 484 546
91YINTTUYY 2 260 267 148
33 1,960 1,471 1,398

4.2 pamsieiieanswuiiedlunsiudueisussneuasdmeresnied g nans

WauUSuiunasdaiuneankuuliuivinnisstassaniunisail Ukt uA LI AN U

[ PN N o [ a [ ! = Y { o w
AT 3 Waznmd 4 dmsuuleuienisiuiuwuusiaiad (nR) avUssendlgiungueaniu

AudRey A Wisawinty Tuvaeinisuduwuunusseziaa (RT) asuszendldiuynngy

[y

afuANEAYIULLINNT 2 AdlandluanTNn 5

= o = a 153
A15197 5 Ui lunsiud

anu ) WuAIN9d 1 WuINed 2
.. dndagiu
AUENAYYDY | P . y . y
i . @Fwauiien | Uuuuns | wuiien | gUuuuns | 3uduien
LATDALAINTE y ¢ 13 7] les A
- fioLnau) LAULAL fiaLau RIGEY faLfau
wazdme
el 120
A (r,R) 156 (R, 30
B (RT) 40 (RT) 40
C (RT) 16 (RT) 16
37U 120 212 86

ANAITIN 5 WU 31UUAE TUNISIRLLANYDIAIUA BINITITINULAS DILAINTE

wardweluanmdagtuiinoun 120 Wensawou Tuvaeiuwiman 1 nquaduaudfsy A

o a < ! = a o d' A ! A ! o w o w
NTLAULFANLUUNDLUBY (r,R) UINUIULNIYT 156 LNYINDLADU hasNaNaInuAINNAInLY B

waE CYASALALLUUALSEEEaAua (RT) S3uiuiiien 40 wag 16 gasawmou

MUNENTU TIAIUNGWIMUA 212 Wgseainau dmTulumna 2 nqu énduaudfny A B

o a < A o a o = a 1 A
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puEU s uletoue 86 Weseieu Tneuwanied 1 fuuifieannningiu
denluanndagtudesas 76.67 drunuimsd 2 f5wnuinranasanduuiteluann
Jagtuienay 28.33
MnHamsIemsanUTinumsiniuiaieusimeuasdmelundiwemertislazan
Snnuiisslunmsifudueseaudinouardmevemitisdeinansnglulsmeviaavan
upSuns annseveneranHesnanlilaenmminesedionieisnislunsiwalueided
luuszgndldiumsdnmsadsdufusmedithsdu o uazdsennsavenenaludomienudu 9
figosdinsdanisaudilunds uonani Tsameruiady q Afweuisadawuanieienann
Tuuszgndllfmneantuanmnsinuredsmetunaty 4 eaauTuunmsdaiuiudn

Tupdaazansnunuislunsduiuvedumandweshsnumelulsmeuaty 9 14

5. dyunauasn1sanusena

5.1 memﬁﬁﬂmgﬂLLuumiLamﬁum‘%aaLm'ammmzﬁwamawmmwﬁﬁﬂmq
ST NNTHUAULUUADLIDY WAZNITRUALVDILUUAINTLEZ A ARIUA d1mSulsaneuna
awanuAIuNSMenTassanunisal lnelingUszasdiiioanUsunansdanuiesousinieg
wazdweluadiwazani uIum e U R LA UAS 0 ILAINIBLAE AN DY INULEINEINAN
Usenaulunig vieUieegsnssunde vegdiee1gsnssunaly veg Uigengsnssuyiy 1
LLawaQ’ﬂwmqsmimw 2 L,La3LLﬂaﬂa;ué’wé'UﬂmmﬁﬁqmaawﬁaqLwiqmml,azﬁwalé’ﬂu

i ° a 2 = | a v &
3 N (A, B wag O) LagtllaualuInNMSHUALATEAINIELALENBLATaNLA 2 LWINIg
Tngldnisanassanunisaileunslalues oo lunisdnassaniunisaliiotnlUinsngving
Tngluanmiagiuiivsunamsdaiuesosusiinaiasdmevesynussinvianun 1,960 Ay
I [y} a o a a < P [ = o [ a 1 1 o
ATy wardldnuiuiiedlumMaiuey 120 Wieddeweu dmsuiumied 1 ludiuveaingudiau
o w v a < | = | o w o o 1

rudAy A agliguiuunsiAnRILUUsRaLiles uaznguanuaNdfny B uaz C aglisuuuu
ASAUANBUUANNTLELIAMAINUA 21NNITI1aD9 U1 TUTUIUNITTALAULASBILAINE
LazdovenUszianianun 1,471 dunedu a1u1saanu3uianisdniunsasudanig
wavAmevaaodtiuad 489 Ruseiu anasieeay 24.95 wavldwiuigdlumaiueiy 212
Q‘I 1 = q' :%’ v 1 Q‘I 1 o w o o 1% a @
Weralien WKTUIeaE 76.67 @l 2 nnnduainuatd1AnyglisUluuNsRaY
WUUANNTZELIAINAINUA 21NN1TT1899 WU TUSUIUNISTALAULATDILAINIULASEIND
YRMNUITLAMVIaVNA 1,398 Rusioiu a1150anUsuiaun1sdnnues oauwiineLasdmereme
AUNsas 562 Aunedy anasdovay 28.67 wazliduiwiedlunisifiudy 86 Leaseiiou

anadseuay 28.33

NTIvINMIeusaluladana sy i Ingndesuigaiu

v A

Ui 11 afuil 2 nsngiau 2561 - Sunau 2561



52 Industrial Technology Lampang Rajabhat University Journal

5.2 1NN15ANWT WU NMsanguaduaudIAnazURUUNSRLALAS 8 usaN e

<

WAZAIMD TAUFURUSAUUSINIUNITIAAULAT DILAINELALAINBRAZI MWLM I SRR

[y

saonadosiunguimsinnisdudaeds uavaenadosiuamiadsnmsdanguardiuaudifey
ABC \iloansuyuiazUiunadudlunisdanisdudinands (Taksana, T, 2013) n13dan1s
ABC analysis fignihulslunismuguiagmaiunnssailuads aelulsmeiuiatinass
UseinAduLie (Gupta, N. & Krishnappa, P., 2016) wagn1sdanisafienluwnunindynssy
goslsimenvia Befidgvidudowdosnnainulinineureininudesnisemarainy
aINvateeddedfin (Jurado, I, and et al,, 2016) NM3531@RIENIUNTAILULNOUAATSLA
Tunsdifufuduiswiungldaaiunsadudiimuuaiununeiy waznsnyuisudum
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AvuALNNNUIRTFIUNTUTEEIUNANITS susTmusauluwdagngussunenaidade
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AdnARY : seuvativayunsieaula, grudeyauuunanedin, walulagnslesisvideya
Abstract

The aims of this research were to: 1) develop a decision support system for
students and teachers to improve the quality of teaching and learning, 2) find the
effectiveness of such a decision support system; 3) provide academic information to the
administrators as a guideline for the development of the teaching process; 4) adjust the
learning process of students so as to be effective. The target group consisted of students,
teachers and administrators of the educational management. Multi-dimensional database
analysis was carried out. The data were analyzed by means of percentage, mean, standard
deviation, and variance.

The research findings are classified into 3 levels as follows: 1) the quality and
satisfaction of the decision support system on the teaching quality of teachers from the
administrators at the overall level was high (x = 4.44, SD = 0.64). The reliability of
information, as well as the speeding up of the processing and reporting of information to
faculty members in each semester was effective; 2) the teaching quality of the instructors
at Lampang Rajabhat University was high (x = 4.14, SD = 0.80); 3) the results of the
evaluation showed that the students most needed the teacher to develop further their
teaching style and to model the teaching process. In terms of knowledge transfer, the
teaching and learning process was appropriate and easy to understand. The technical and
instructional aspects of students' participation in determining the appropriate learning
assessment standards in each group of students may have different factors, environments
or skills. Finally, in terms of measurement and evaluation, teachers should clarify how to
measure and evaluate learning at all times and should measure and evaluate these in a
variety of ways.

Keywords : Decision Support System, Multi-dimensions Database, Online Analysis Processing
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[y

sEAUUTEEIUA1Y1IYY LarTEAue1913d dnsianainieadednlinaiinsizinsniy
foguszasdvesnmsiaun lnedfununinvesteyanazUsslond sgluszduiniian
(X = 4.53, SD. = 0.53) 59989119 1UNTBNUUUTEUY BgluszAuan (X = 4.40, SD. = 0.90)
waganuatiuTnInvessruy agluszauinn (X = 4.35, S.D. = 0.56)

2) anwddeiievesnailiiuainiaiesilo annsiinTginasndfvesnns
Uszifiununmiiansanangudaegisindne dusieivinisdnuiiily uagdauenanse

| & v 6

PEUNUSAUNTFD UL LA UNANBPINAT TUA1ANISAN®IN 1/2561 F9ANA 8 - 10

1 waUszdiuaaniwenasdlusiedvinisinerialy (A) aanisAineit 1/2561 (@Fuau 7 Aw)

—o— shungAnIsu
O— shumeiia/dermey Ussiiuny AVG | SD. | VAR
fuiauazUszidiuna ngANTIN 443 | 035 | 0.11

wiadin/Ademngy 435 | 023 | 0.04

M3I/UTELiuNe 437 | 026 | 0.06

naUszliuANNIa1R158 (A) man1sine?l 1/2561 (Fuau 4 s1e739)

. 5 —— MUNGANTSL Uszifiudu AVG | SD. | VAR
Y o o NOYANTIH 4.05 | 0.16 | 0.02
ﬂ']uLVIﬂuﬂ/L‘UEI'J‘U"IZy)

wialla/\Temey 4.09 | 021 | 0.04
Aulueslizdiug | pisfe/dsudua | 4.08 | 023 | 005

2

MWN 9 NaUsEliuAnNININNTENMBE NS lunNsEIvINSURnYeY

naUszliugaunwvastindnen (A) nM1AnsANeN 1/2561 (313U 6 518791)

o— Fnunafngsu Usziiunu AVG | S.D. | VAR

, NOANTIH 363 | 055 | 0.23
fnumailaidienancy —

INAUA/LVEIYIEY 3.65 0.57 0.24

—A— Audauazdszifiung ATI/UTTIIUNG 370 | 054 | 022

AN 10 HaUszIluRuAMeIATEYNAUTIARUNG UM IBE 1 tinAnw
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MNMFIATIERAINTRveInsUsTIUT RN sauMatef NN 8
wansnanisUszivluseivinsdnuily 1 518397 Snnsiinueetansddiuim 7 au
Tumensfnuil 1/2561 linanmsuszdiunanmilneiadseglussiuinn (X = 4.38, SD. = 0.28)
dunwd 9 wansan1sUsEiuIINMIdufe 19913138 1 AuRfuiiaveu 4 eiviluaia
AN 1/2561 lﬁwamiﬂimﬁugmmwimLaﬁaagﬂuizﬁumm (X = 4.07, S.D. = 0.20)
drunnd 10 uansnanisUsERiuINNsquiegaindnen 1 nguilvszifiuenansd
Tuseiniameidousiuiu 6 5163 lunansneil 172561 lananisuszidliugann
Tngiadvegluseiuunn (X = 3.66, S.D. = 0.55) Fsaunsaiauszaninmueainiosile
NNMTIATIgNaINTAvesNsUTEuAuA MR TINAINduf e Failadnudouuy
1RsgIuLazAInLUTUTIURnUlunsUsEIfuuiasfueglusefud uansliidiuiinas
Usziiudanaiiliuansng vihldnadszifiuiaiuiniedie uansfsssdnianvesszuy
auayunsinaulad

3) A21UL52UNITUTENIANAATAUVIA KaZN1TI8IUNAUTTLIUAMA N
93919156 IngUninisuszdiuganimnsaeuesaiansdeglusyuuvdsinu ddddaiuleg
Fvihilvesnny wagUsznanauuuienasinddliinaasdaeyaeaiiiofuniunaussidu
Feovldfszoznatuiu tiannuianatn wazienasgyvie duszuvatvayunisdnduls
dmduguimaieatuguamnadeunisaoud Tiiunisldssuuersenunaiiniuin
3 21AN1SANYY LedinsmnunYaaiusedy kagdiulainsiinsunsiunayseiiiu
wasanaeulateniakaziananisiioundnasa lneszuvaiunsaviaulanuingusyasd

wazuansdelseanSamvessyuvatiuayunsindulail

5. @unauazn1sanusena

ideil sutiumsadeszuvatuayunmsdadulaifeafuaunmnmaSeunisaou
YITNANYILALRITIRARUIMT dmTunisimuinseuiunsiteuivesindnw Tnessuy
gnafraileatuayunisinduloudfuinisusedMiAeidesvainnatsuuinig
279 (Suwanavichanee, R. & Maneerat, P., 2017) miﬁwmiwmwmugﬂwamaﬁ@ﬁa
atvayunsindulagaulevigvesditinauauenITuNITITEUNIIF wae (Mahathanasin,
P. & Jiravichitchai, N., 2015) izwﬂé’q%’ayjaLﬁaaﬁfuaqmﬂié}’mﬁuiﬁ]ﬁm%’uﬂizﬂﬂﬁaugﬁﬂﬂﬂ
lagldmatian1siiasengiudeyauuunatsdd lun1sandunsimunseuuuasAnauxg
Uszifiuguninuazanuiianelavessruvatvayunisdndulafeafuguninninieu

nsaeuveIinAnykarensed AngusmsiiamezuuuaislaeTitegluseauin (X = 4.44,
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S.D. = 0.64) wansdnduszuvaduayunisdnduladiuauninnisasuresenansgla
Sniszuvatuayunisdeavladfiaudndede Ainsedkninuanisuseduiidaiai
wsUsauegluseduin uenanifu sruuiinnudilunisUssinanauasesunaansaLINA
wneaAsdlatuisazniansfnylaiiusednsaim

dUAUTLALTIIATIENIIAMAINAITABUVDID11TIANUITILATIENTEAY
uIneds andnAnuiidiuseifiuauninnnsaeuseseansdynaulunIAnIsAnw
7l 1/2560, 2/2560 uag 1/2561 S1urulade 2,433 Auden1An1sAny LAdILUNAMAIN
n1saeu 3 iu wudtndAnwy Tseduanuianelaluguninnisaeuvesorasdluning iy
fanninendeogluseduunn lasdanufimelalulssifudunadauaganndsisy
uazUszifufmunTinLazUseiliunaredonasd infign sesasnUssiAudungingsy
Y83971913¢)

dmfunaided fTguivasdifeaiessuuatvayunisdadulaieatuamnin
M3Bsunsaouvesenansd WiguimssunnuteiiiaasafsiunsSeunsaeuvese1ase
aeluanzuazuningdy kagaranddlmianisiauinssuiunisiseuivesdndnw

TuewpnlaassainanansdilaiinaunseninluiosnudnuueNfven; uasimundnyuy

' [
a2

NMIARUNATUIINNSANIUHANTIATVHAYDSTEUUAT UAYUNNSARAULA (Ma-oon, R, 2016)
atusiandnidfyvesantugandnyimie sminerdelugrusiduuiiyavesdsan
Aduitushafeensulussiuana

il finanisUssfiunasassuativayunsdnaulafeatuauamns
SEUN1TAUY09913158 LagHIuNITIATIEVdaYa LATLANITIBUNANITUTELTULA

ANAEI709 4 5 lauA SEAUEUIMITUNIANGIREY SEAUANUA T2AUUITEEIUAIVIIY

Y

'
[y o

LATIEFUNINTY MudFuANEIEAUgI-R1 Fady MvualidvSsedugean aunsaidnn
HAREININNIABUYe 13BN K srduadldnudutule 1usu dafu fidrssuuaans
thranfinnsandasufuieiumginssuvesenansd fumadauaznisaou wasdunsin
wazUsuifiuna Sudedaiauauugsing q vstfayanaludisnanaeutu 9 ussindulsudu
Y9I INRLIUTUUT viseRnmumsaeuseluldluauiean
defiansunnanziuuasiignannuinssduiith@nuideanisliotasdwaun
unitgaludungiingsuenansdae fe msimuisUuvuwazidnisaienenauy sudanis
fanndsunisasududunousgiumngan wazidlade dudumaiauaznisaen
Ae maslitdnAnwidraniidiusinlunisiivuainueiuinsgiunisyseliunanisisous

Mvnzauluudaznguissuiieonaiaduaninuinden vsevinweuand1eiuld uaggavine
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FrumstanazUssadiumg fo msliennsdlituasisnmstanssUsaiiunaniadouslunnads
uazanianazyssdvlusuuuuiivarnvas ol Faanenanirinuitetdasdselovd
suyaraiinseninluBesnudnuurivesns wasiinnsaisdnuaznsaeuialdlusuinn
i Usglevdlusudnyy uninerdeiiauuimisdumsiauinszuiunisivestindneila
pg1ansaUszifiunnBety wagandisatunsndiluldussleviludunisizanng
vosmine1deliads wanfuindesilondadrodniununinesuinsnmsdne dalina
85n15uUA unIngrdesudgdaiune wazuazarunsaaduayuuRunagnslun1saun
UMY 91AA1U WA 2560 - 2564 LilonTUTMITHATTAIUIBIANTURINTT T oS
AuUszLugnda 5 181Usvasdi 5.5 msldsruuimaluladarsaumeionisuinig

wagdnaulaluynszuunusely
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N1SIINTINTUAIAIVDIVYUIAYLATDIDULIBUNITIATTUUFYYINA
Determination of Drying Rate of Jackfruit by Infrared Dryer,

Vacuum System
5T f¥ut, qsavis sedunn? uazatan Alad®
Rawat Kumwan'’, Surasit Thiangchanta? and Sawat Kesai’
23RN ssnesedna Anglmnssumand iminerdemalladsvuseaduun Wedml
128 098w Ao o450 2.@udlvs 50300 WnSANWN 0 5392 1444 E-mail : rawat-me@rmutl.ac.th
M23Mechanical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna (RMUTL)

Chaing Mai 128 Huay Kaew Rd, Muang District, Chiang Mai, 50300, Thailand
E-mail : rawat-me@rmutl.ac.th, Tel: +66 5392 1444, Fax: +66 5321 3183

unfnge
unANulanwranneivanzanluniseunitsyy Ineln3eseuiadunsLInssuy

INTIA LeNIUNNTLAEIZEENIITENINIIARABUNSNIAN UL B U UL TaY

A

LATBI0UKIIUTENOUAIY 90UV UIALAUNIUANGNATT 0.51 m 817 0.8 m FnLnos
UNTNIAVUIA 220 V 250 W T113U 2 ¥aen LATevIaaIn1AvEIn 13.42 m*/hr finsdage
andrlasldszuuriininudunuudalovuin 0.252 kW nadeusuiileayudiuiy 2 kg
NAIUTULTUAY 350 - 400% 4, MINITOULNITNQUNAT 50 55 Uag 60 eANYALT
nsuuasuanusiuduysal 1 510 wag 15 kPa uagyin1suSulufeussegrinesening
a &a U g.JI % A dy ¥

NaAEALABSAUNTNIANUTUINNVYY 12 15 Uaz 18 cm BULMNAUNGDANTUAAYINY
a | a ] - =1 44 a v

HA1laLAY 19%4, NUIEANIEANLIFAUNITEULULDVYY AD QUNATOULIIN 60 B9
waed AUAY 1 kPa 538¥119898RW0IBUNTNIARUTUINT 12 cm Baldiantunis

o v

auwiteeign 480 UV AUUADINENUTUNIANEA 21.67 MU/kg UaEdNTINITOULNA

a A

r-:l' Ql' P o el' YK -
Vgangn 0.172 kg/hr 1wes9inNITNIEYYINIAVIAIINAUAT F1U1TDANGUNNUYALADAVDIUN

U 9

melulloryu wagsresinwedamesdunsisniuianilndnuilioayu Tmdwedunsise
ofiuigalnaninuAUUFomasnuTmIzanas 8nIIN1Te UL
ANENARY : NAYDIFLYEYINTA, NTBULIIVYL, LATBIBULIIDUNT A
Abstract
This paper was to study the optimal conditions for jackfruit drying. By infrared dryer,

vacuum system. To find the temperature and the distance between the infrared tubes

and the appropriate jackfruit. The dryer consists of diameter 0.51 m, length 0.8 m. of drying
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room, 2 infrared heaters 220 V. 250 W. the vacuum pump work rate 13.42 m*/hr.
And eradication moisture with the Compressor of Refrigeration System size 0.252 kW.
The sample for test used jackfruit 2 ke. standard of sample before baking is 350 - 400% of
dry basis. Baking sample at 50, 55 and 60 °C. And Change the absolute pressure on 1, 5,
10 kPa and 15 kPa. And Change rang from infrared heater to the jackfruit at 12, 15, and
18 cm. Last moisture will be less than 19% of dry basis. The optimum conditions for
jackfruit drying were Drying temperature at 60 ° C, 1 kPa, infrared heater distance to 12 cm
shelves for minimum drying time of 480 minutes, lowest specific energy consumption of
21.67 MJ/kg, and the highest drying rate was 0.172 kg/hr due to the low pressure vacuum.
Can reduce the boiling point of water within the jackfruit. And the distance of the infrared
heater to the material near the jackfruit. Higher power consumption per unit of infrared
heater. This results in a decrease in specific energy consumption. Increased drying rate.

Keywords : Effect of Vacuum, The Jackfruit drying, Infrared dryers

L.uni

yyuiiunalsfidonuslnadisanivanu aduney lutrmgnaivyuivinasnniiy
AudaInIsvesmaIndsHavyuiisAIand Msuussulunansamivyulrasnsafiuinm
Tifleifingarveandndne lngialdazld3snmsviuie 1wy nsminuen nseulfaLuy
aufou msouuvsuuudenude uazmssulisgayynia Wudu TnedeAdeifedestu
N15HUIIUBYY 10U N30 UlTalag [ ESe@BuNTUIALAEN1TOULTIMENENIUAINNTOUTIY
senindsddunisnsatvanfou Ao arwisnansveziiailuniseuniaagauiudes
wdsaudumeililuniseuuis lasidsnssnuinunwdvesndn fusivyulazanugensy
Tunsuslaavesayuresuslnaliidueg9d (Supawan, T, 2011) waznsouniilagldsed
SursusesInAusEuayyInia sudusduvunisvesniseuuseiifiussansain
uardsannInanszosaailunsouuiudnfasild Tasonalidnsnisauudemdsnuigs
nimseuwisdhenduLaseiind daflauduuded uigunmuosndnsaeidding
Julougs 1inanlunisevuseuty wazgquugievuisliatinaue Tnsniseuuss
wuvayane Wuiideanisuesgnamnssunseulia Junlakan, W., 2017) n1souussg
Y9ABuNT TN AFuUTEAVS nsunda Tl s AvSnaasdaufintunugumgfiouuis
(Jutarut, T., 2014) %QmsauLLﬁqmquEJ‘L%’%’&?@W\I?ILiﬂ'ﬁ'wﬁ’uwwq@mmﬁ vJunsle

yususidanuseulaenssdaaliunluillovyuszwmelaisa (Tirawanichakul, S., 2014)
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ai'mizqugfgwmﬂmmamhaam;mLﬁamaqgﬂwﬁawu waramalilnsmuTuanas
11 (Nuthong, P., 2014) leiflsusumssuiianmzauduussenne a gamniideaiiu
1NNUIILNITOULNIAIEmNATAZYINIATINAUBUNTHIA (Sa-Adchom, P., 2014) Wudn
Foananududuysaiviefivgunnfieuuisazsilisnsnisevuiaiuty luvmefinaw
AuUFesndnusumizanas nmsfnwmslinziauantivnanuouronaiedey

WAIBUNTNIATIUAVAUSOU WUITRITINNTOURMILATMUSHUATINUNNDIYD9NaDADUNT LT

2. 9QUsLaAAYaINITIVY

s

WaANYINIBRTINTUISFIvBUDULY Nian1isivangay Nadududuysal gaumgd

]

A

LaEIEEEMeTEnInamaendunlssAiunInTan AeiATeuLABuNTLIATEUUEYINA

3. 5ALIUNSIRY

nsfnu3feildldindesounisdunisnsaszuvgginiaifgadniidaeity
wazgaRnIdssruYiaby ieangamniuazauduiivuivanseudsdemaliiie
AMULEIMEAUTEUURYINIA 11990 UNTIRAYYAII IURLINDUUUIALEUH LA UE NATS
0.51 m 812 0.8 m %111 0.005 m AadsBALABSBUNNIAUUULHUDRD Infara Ju aseries
YUIA 60x245 mm TUIN220 Volt 250 W 31131 2 aen gadntiifsszuusinaiiuby
YA 0.252 KW gadniifsthiurundukiugugnais 0.1 mx0.27m gavidqyinie
YUIA 13.416 m¥hr GaUszneudisaeuLwsalmes mitsubishi Jucr2211l-a §11u 2 1
souuuaynsu fuewmesuuin 2 HP 1450 rpm udurinds tufindoyalag indosdaimin
B Azano $u LVC-50 Hsn1sdstiiumiin 0.001-600 kg A1aziB8A0.001 kg guUnsaiin
ANNFuAYQIN1A BB TK 92311539 0 §9-76 cm.Hg yamUANEUNAT LATesTngumyil
§98DIGICON JuMD-700N 1dfuanemesluduila Type K mmaziden 0.1 °C uaziaieadn
nsldnszualila 8o HOLLEY 92901599 0.1 89 1,000 kW-h Arnuaziden 0.1 kW-h

a o q'
FNYALLDYUALANIAININN 1
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7

5 0
4 \ p ‘ 1 10
3\)5 \ g / 2

- T gy
2 D/@

B
1 ] [
15 =" Ny
14

1 AgwNIINGNSinu 6 MaeAdUNLIA 11 1p303dnle

2 MUSUITTUENNIUDINTUNTS 7 YAMIUANYUNN 12 yasurings

3 (oUW YINTA 8 1NAIANAINAY 13 1aT0ugaaIne

4 1A 9 MhEAUALLATILAANE 14 Yadnu1n ey

5 1MTINAUAY 10 LATBIAIULLY 15 gasiniseunvienssaliu

P ! a v a
AN 1 ?ﬂu‘Uﬁgﬂa‘ULﬂif‘N@'ULL%\T@UWiWLiWi%UUQQJﬁyﬂﬂWﬂ

nifevaaeusuLiailovyy ileAnyinavesamduduysol uazgumgiinldnig
suuraioryulneiniaseuuisdunsnsnszuvayanie Taneuuidldidouyuaium
3 mm UM 2 kg AANTUEUFY 350-000 %y, ﬁwnwsauuﬁqﬁqmmﬁ 50 55 wag 60 °C
yhnsuSulasuanusuduysal 15 10 wag 15 kPa wazyimsuiuasusyorvinssening
naenBmaosdunnIafuiuINTyL 12 15 Waz18 cm sukisaumdeauTugavinedan
TaiiAu 19 %y, 6‘3@611'3@mawmaaw‘hm3ﬂ’uﬁﬂﬁﬁ'agaﬁmﬁﬂwuuazqmmmuﬁmauLLﬁq

ABYIILIAN

AN 2 IATBIDUMINBUNTUIATTUVEYYINA NSANYINITa UL

dMTUN1TMAa8IN150 UYL LD YLULALLATRIBULTBUNTLIATE VLAY YINA
ANUITAUAAIAITNTIAIUAIIUTY TNTINITOULYY WaENI5AUUTRINGIUT NN

WOTATIBINAAINAUGYYINTA T28LUTENINNANBUNTUIATUIIATER Uazaungl
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Mnunganlunisldevuiaiovyu lnedA19ns1diuaauiuian (Moisture Ratio; MR)

(Soponronnarit, S., 1997) @wnsamlansaunisaeludl

_ Mi—Meq

MR =
Mi_Meq

e M, fe ANNUAIaIle 9 v833a9 (%ogybess)
M; A9 ANNYUSUAUYRITAR (% bass)

M, A8 ANNYUANAAUDITAR (%ourybasis)

LH9931NN150URTIAEBuNT IR TEUUgINATaR d AT UaNAaNAINN

N1IAIUIUAENSIAIUAMNTY (MR) TuanuidetidunisAuiuailasuseuial Ao Laufnen

a 1 a0 b4 ‘ﬁl

ANMUTUANAR lagfeauuRgIuinANduaugailatesun WeliguiuAinuiusuny

43

(% (%
0 1w 1 &

Jauun i Mg, =0 MIUUAITATIEIUAINTY (Soponronnarit, S., 1997) daunTnangy

lansannis
M
MR ==t 2)
M;
8M31N158 UMY (Drying Rate: DR) fladnsndiuvensiasundasainuauluiag

pULssaLIaN LY ke/hr @1unsamlansannis

= md(Mi - Mf)
t

DR

W mg AR wIavesTEnuelInNAY (ko)
My @B ANYUAAYINEVRITAR (%4 000)

t fAsal(hn

ATEULUADINGNIUTINE (Specific Energy Consumption: SEC) ABNWSII1UTIU
Al UN150UWIAIRONTINUIEUIAAINUTUVDITAND UL UNUIY MI/KS, ey AINITONN

lamaaunig

(Einfra + Evac + Edryer) (4)
my

SEC =

W8 Einpre fo was WAl Uvaondunsse (kwh)
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Epe Ao WaUAliURTovIa ey INA (KWh)
Egryer 70 WASUALEUDIYAANUT (KWh)

m,, fe 1IAVBNNNTENEAINTAR (ke)

4. Nan1538UazaNUTIINANTTIAY

1nIBiuiumAfeildnanudieiu neaeulasldideryusiuiu 2 ke fiarudu
Sudu 350 - 400%db. yinsouusiignmad 50 55 waz 60 °C vinsusuiUAguAIGY
fuysal 15 10 way 15 kPa uagsin1susuiUasuszozvinsssninanasndninosaumnsisn
futunnsagu 12 15 uag 18 cm suwtaumBerutuanedialsifu 19%db

4.1 NAYDIRUUNNVDNBIBUUN NAUAUTNYTAlAS 9

0

60

50 —— Pressure 1 kPa
——Pressure 5 kPa
Pressure 10 kPa

—— Pressure 15 kFa

40

30

20

Temperature “C

Q 5 10 15 20 25 30 35
Tirne (min)

AN 3 ANUFUNUSYDIUNTVDIVDIDULIIBUNTUIATEUVANYINIA NAN1IZAIINAY

(% ¢

duysad 1, 5, 10 wag 15 kPa

a

AT 3 LARIANAUNUSY DI TVRIRIRUWN Tan1IzsusunoulinNTau

Y

wuIivieseuinnuiuduysaln sslinamalisusuiianndt Fadunaainiian1izainuduei

'
a o

gaun ez neisulianuieungamgiisusueglugie 22- 30 °C wuinludie 10 wiviusn

9 U Y

[ [

=~ o a £ | PN o & | al | a A )
AEUDATIINTITINTIAITUIDULNNYUBYINAIN ﬂaﬂf\nﬂUU"\]SWU'}qwﬁLusﬁﬁq 12 - 15 U NAUAU

[

duysalan arunsaingamgiinisluvieseulagenitanududuysalas iWesainianieg

ANUUAIYIaANIugINAUsEANSlunsiaueuluetaugindt antiuluusay

a1 A

ANUANNANENYTA] AnsiiiuTuesgauuiiasiiinliduandsiuunnin Wewingnauay

lAgyARIUANRUA

4

4.2 pavaansilasuLUasAuFUYRLLBIYY NTEEne wazAuAUFNYTal
A9 9

HaY8In15UAULUAIAMNTUVDULBYYY NTEEEUN LazAIUAUFUYTol

NN 4 5 wag 6
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© Prassura 1 kP2 & Temp &0°C
© Prassure 1 kP2 & Temp 55°C
© Prazsure 1 kP2 & Temp S0°C
& Pressure 5kP2 & Temp &0°C

08 -
A Prassure SkP2 & Temp 55°C
A Prassure 5 kP2 & Temp 50°C
2 o6 © Prassure 10 kP2 & Temp 60°C
2 © Prazsure 10 kP2 & Temp 55°C
15" ©Pressure 10 kP2 & Tempso°'C
S 04 4 B Prassure 15kPa & Temp &0°C
g @Frassure 15 kP2 & Temp 55°C
OFfrassure 15kP2 & Temp S0°C
02 1 L4
00 -+

Drying tme (min)

AN 4 AnuduiusvessAsuLaNIUYRL LU NTEEEY 12 cm

2 &
e R & Prassure SiPa & Temp &0°C
) & Prazsure SkPa & Temp 55°C
Q C Prazsure SkPa & Temp S0°
.: “‘ a Skfa &
" 06 o8 Aaa
«< P NN
4 °
= )
B oa
o]
=

Drying tme (min)

A 5 anuduiusueinsiUdsulasmuiuveiioryu Nsgeeing 15 cm

© Prassure 1 kP2 & Temp &0°C
© Prassure 1 kP2 & Tamp S5°C
@ Prassure 1 kP2 & Temp S0°C
A& Prassure SkP2 & Temp &0°C
A Prassure 5 kP2 & Temp 55°C
& Prazsure SkP2 & Temp SO°C
© Prassure 10 kP2 & Temp 60°C
© Prazsure 10 kP2 & Temp 55°C
© Prassurs 10 kP2 & Temp 50°C
B Prassure 15 kP2 & Temp 60°C
B Frazsure 15 kP2 & Temp 55°C
Ofrassure 15kF2 & Temp 50°C

Moisture ratio

Drying tme (min)

a v o 6 N d‘l’ dy PN ]
ATNN 6 mmauwuﬁsuaamnﬂaauuﬂanﬂ’nmmmLuawu NILYLNIN 18 cm

AW 4 5 uay 6 laillofinsanivesszeyinsgninamasndunsnIatuninian
7l 12 15 uaz18 cm Manzarmduduysal 15 10 uaz 15 kPa wazgaumaliildnisouuss
60 55 50 wuifian1azvIIzANNTeULTLdouyy fiszerring 12 cm Aauduaayinie
1 kPa gaumgdl 60°C Tszarnanlunisoutiosiign 480 unit Faamnsnsuuisnumdermiuiy

gavhedelaiiy 19 %db Tdnantesiian danised 1
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M19197 1 HaveIANLFUTUSYRITEEEITENINVRDABUNTWIARTUAIA TaR Nan1IzAURY

goua1nA wazaauminldn1seuLIe NilkaderIaIn1Touwiliouyy

Distance (mm) | absolute pressure (kpa) | Drying time (min) temperature
50 °C 55°C 60 °C
12 1 540 525 480
5 570 555 510
10 870 810 750
15 1020 1005 975
15 1 555 525 510
5 600 570 525
10 885 825 735
15 1020 1005 960
18 il 525 510 495
5 615 585 525
10 900 840 690
15 1100 1035 960
4.3 NavaIANNFURUSYRIAAAUaNYTal NlidadnIIn1TaunAd
0.40 # Distance 12 cm & Temp 60°C 0.40 * Distance 1Z cm & Temp 60°C
@ Distance 15 cm & Temp 60°C ® Distance 15 cm & Temp 60°C
0.35 4 @ Distance 18 cm & Temp 60°C 0.85 @ Distance 18 cm & Temp 60°C
. . ] Distance 12 cm & Temp 55:\: : D:::::Ez 1z Em &Tz:p ss:c
o | ¢ e 12 cn £ 7o 2 Jos | Lot
5 05 : : 2 Distance 12 cm & Temp 50°C Toas | T - « Diotance 15 cm & Tamp S0°C
E 0.20 N i a Distance 18 cm & Temp 50°C _% 0.20 . : 3 : i A 4 Distance 18 cm & Temp 50°C
%‘ 2 o g‘ i : s H -
o 0.15 g & 5 0.15 g = 8 8 s &
« B e a : o D E ]
0.10 . 3 . 0.10 . . = e
0.05 : ; 8 : 0.05
0.00 0.00
0 2 a4 & 8 10 0 2 q 6 8 10 12
Drying time  (hr) Drying time  (hr)

APNUFUNUSVBIOATINITOULIAS NANUAY 1 kPa B.ANUEUNUSYIONTINTOULAI N1ANUAU 5 kPa
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® Distance 12 cm & Temp 60°C 0.40 ® Distance 12 cm & Temp 60°C
0.40 . X

® Distance 15 cm & Temp 60°C * Distance 15 cm & Temp 60°C
0.35 @ Distance 18 cm & Temp 60°C 0.35 © Distance 18 cm & Temp 60°C

® Distance 12 cm & Temp 55°C & Distance 12 cm & Temp S5°C

— 0.30 @ Distance 15 cm & Temp 55°C
é @ Distance 18 cm & Temp 55°C

8 Distance 15 cm & Temp 55°C
8 Distance 18 cm & Temp 55°C
a Distance 12 cm & Temp 50°C

0.30

£ s Di 2 Temp 50"
% 0.25 4 Distance 15 cm & Temp 50°C i, 0.25 i gf:::z: :i Z: :7:: ”.E
= .
T 020 ) ° D|5:an(2 18 cm & Temp 50°C § 555 a Disiance 18 ot & Tame 50°C
s c%a Lfg > S g8
£ 0.15 o8 5w =g =0.15 .“;:.
= Eia-.llzg.. S ;w ig £g2
So10 | d8afB2 8o ilan o100 | 3 i ‘s ::
a
a = 9 8 a a e :
H 0.05 2 8 H
0.05 g2 RS EEEE
0.00 2= 0.00
o 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18
Drying time  (hr) Drying time (hr)

C. ANUFUNUTUDIDNSINNTOULIE NANAU 10 kPa  D. AUFUNUSVBIONIIANSOURANAINUAY 15 kPa

MW 7 ANUFUTLSY0INTUREULUAIBRTINTBULIN NIan1IeANAUENYsal 1 - 15 kPa

INAMT 7 UARINAYBITNTINTOULINTANIEANUAUGYYINTA 1 - 15 AITeenng

sEUaviaendunsuIAtuaIniani 12 - 18 cm aumnanidniseuwis 50 - 60 wuiniAy

i LYY 4 1 &

AUREYINTA 1 kPa 9RMITINITOULNEINTINN 9 ANUANENYTHINAIIADNITANAIINAY

Y

duysalvTeiiugaumnlouwisasyidnsnseuliuiNTy Lagnuitgun)inouuis

'
=

Ngaiinavinvignsniseuuns lnggauiinounniail 60 °C 8nINNTBULANENNEN AT 2

Y 9

[y

A5 2 NATBIAIUFUNUSVRIANILAMUAUGYLINIA TLELNITENININADABTUNTUIA

fun1ndan uargauminliniseunis NilkadesnsIN1seULALeUYY

absolute pressure Distance (mm) Drying Rate,. (kg/hr)
(kPa) temperature

50°C 55°C 60 °C

1 12 0.151 0.168 0.172
15 0.149 0.163 0.168

18 0.147 0.151 0.162

5 12 0.148 0.150 0.169
15 0.144 0.147 0.168

18 0.142 0.145 0.163

10 12 0.118 0.126 0.128
15 0.111 0.121 0.125

18 0.104 0.114 0.122

15 12 0.090 0.094 0.106
15 0.089 0.092 0.099
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31NN15UTELEURAENTITIATIEN I8 UNITOULTANEY LaLdNIIN1ToURTLREE
galdlanunsn syyanizmangaunseuwiniovyuls imsedidesinnsandadevesnunin
warANAUUFINEINUNIUTENBY AIAIT1T 3 UaznInd 8 Fsanunsaaguladnaniie

wanzaunseuLiLderyuiinufugyyinia 1 kPa gangd 60°C fiszazsing 12 cm
nudrArauAuUdemdsaudinizresniseuuieiiaudu 1 kPa dadesiian
fililosnnfinzanudumdnavhliilundnsusianmsossmeldigumgdiswilildinan
ouLaesas Feanunsaasuliinnisiasuulasdanudugyanialazgamnaiiouusi

ANARDAMUAUUADINAIUI NN T8 TAgYIALA1AINUEUUE BINFIUI LN

ranas LiloanAANURIENYSHIvRINN S leuLAs

] ¥ o s ) v o Y A ]
MN19194N 3 ﬂ'l']llﬁllWUﬁsﬂa\iaﬁi']ﬂ']ia'ULLMﬂwaﬂquﬂjqﬂJﬂuqmﬁyqﬂqﬂ 1 - 15 kPa nupane

ANNAUUADINGINUT NI VRIN TRV LDIYY

Condition Absolute pressure (kPa)
1 5 10 15
Average drying time (min) 480 510 750 975
Average drying Rate (kg/hr) 0.172 0.169 0.128 0.106
Average SEC (MJ/Kgyater) 21.67 24.56 28.94 31.66

PAIINNITOUBIAY

ABUNITOUWIA

NN 8 LARINITOUWALLDUUULALLATBIB UL BUNTNIATE VLAY INTA

5. #3UNAN1339Y
NIIMITNTINITUAIAIVEIVUU 1AELAT OB ULTIBUNTILIATEUUAYYINIA

HANIIANYINUINANIETIVUITANNITOULTL DY AB gaun)ilauuiail 60 °C AMAY

1 Alawnanna sreerinavesdnnaidunsusaiutuieg 12 cm aldnaluniseuwiaosign
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480 U1 AWUFDINFINUTUNIEANAR 21.67 MI/kg WAERIIN1TBULAINGINAR 0.172
ke/hr L899 M5Y g INIATIAINGUAT d1u1saangumvgiiyadienvasinigluliiovyy

LAY IEEE1IvRIEnLMasBuNI IR Taalndiuilavyy dandnudeniisiuivasa

FamaBunsuIANgendt dnavihvinnuduudemasnudimnizanas §nIN1seuLAuINY

6. AnANTIUUTZNA
YBYUNITEAMUNIINg1denalulagsivauaaduul Wedlnd Alnaduayunu
1397159711398 uazveveunn wewliuns Wauen wealgnad yyds tasunedis Juuna

NANRAIEITY LaTaIYIAINTIUATING ANLIMNTTUAENT U Ingdewmalulagsyuena

(%
a

&uun Fedlml Aidewloaniudl wargunsal dmsuenidde
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WnsAnwanESuNaanUSIAILATYAN
dmsuniswanfunsiuAunsunianaediaguauea
Reinforcing Steel Cutting Methods to Minimize Trim Loss Steel

for Precast Concrete L-Shape Retaining Wall
ATITIN ONUNTTN wazATIENS WS’
Srivan Rurkpuritat’ and Sarayut Malai?
auyIngmans uninendousms 99 w9 duaviing suneiies Smdafiwalan 65000
Insfnsi 09 0929 2119 Wsans 0 5692 5099 E-mail: srivanru@hotmail.com
Zapuginaluladgnanmngsy wning1desuigaiun 119 v 9 duavay sneiles Janind1ue 52100
PFaculty of Science Naresuan University, 99 Moo 9 Tumbon Thapho Amphoe Muang Phitsanulok 65000 Thailand
Tel. +669 0929 2119 Fax +66 5692 5099 E-mail : srivanru@hotmail.com
2FacuLty of Industrial Technology Lampang Rajabhat University, 119 Moo 9 Tumbon Chomphu Amphoe Muang
Lampang 52100 Thailand

UNANELD

NI idgnUszasAiionisnsdavanasulilirwmndntdosfianlunisnaniiung

9

v a

fufunsunIanaadusaguiiues AfiAuALT 0.15 AT N319 1.20 LUAT 49 1.40 Lums
ANUET 1.00 RS AunsiuRusfasiisUsenausemandunay RB 6 Taawns 813 0.95 Wes
WU 22 viaU 817 2.50 IS 91U 5 VoY wagtrantieses DB 10 Nadluns 813 2.70 LIRS
U 5 VDU

ya o

INNTANYINITNARAILNIANAUT 1LY 1§49 200 uvia FIdeldasedauuy
AdinansivuaNIsdLduduauls 1 fuuudmsunisdamanidunay RB 6 ladluns
ANLBIBNATEIL 10 AT wae 1 fuuudmiunsdamandedes DB10 faduns Ay
E1INTIU 10 LIRS UaE 12 1T AIdenuing 2 FFlunisdamanidunan RB 6 dadwns
ANBININTFIY 10 1A5 PALLUANE1Y 0.95 WAT WAz 2.50 WnT Audedn1s dualiie
Usunanawnaniosar 329 wazdl 1 35lunsdanandedss DB 10 fadiunsAiued
WMIgIU 12 e Wiludne1d 2.70 wes audesnts SnaliiAnUsuiaawnanievas
11.11 Fadutiinaumuniniiosiignidedmsndasunafufiufiulunn 20 uvis (20 40 60
80 100 120 140 160 180 waz 200 L¥4)

FAeladavinaiieiSnsdaumindsanyunanawmnaniesnantunisnaniuneiuiu

waednsagUiuea uarddignanldauiieanyinanayianiulsenu guaalimilldluns
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[
[ [

JadoingAunazn1siunul iR nafilduansinUSuaamnananainni auiney
UImsdnanisluedn

AdAeY : anmmantesfian, MunsiuAuguiues, Asunsnnaednsagy

Abstract

The objective of this research is to identify the optimum reinforcing steel cutting
methods that would minimize trim losses in the production of precast concrete L-shape
retaining wall with the dimension of 0.15 m. thick, 1.20 m. in width, 1.40 m. in height and
1.00 m. in length. Each retaining wall contains 22 rods of 0.95 m. RB 6 mm., 5 rods of 2.50
m. RB 6 mm. round bar and 5 rods of 2.70 m. DB 10 mm. deformed bar.

From the study of retaining wall production between 1 - 200 pieces, researchers
have formulated a mathematical formula using integer linear programming models. There
are one model for round bar RB 6 mm. 10 m. standard length and one model for deformed
bar DB 10 mm. both 10 m. and 12 m. standard length. The researchers found that there
are two cutting patterns needed for cutting RB 6 mm. round bar with a standard length of
10 m. into the required length of 0.95 m. and 2.50 m. resulting in 3.29% trim losses.
However, there is only one cutting pattern required for cutting DB 10 mm. deformed bar
with a standard length of 12 m. resulting in 11.11% trim losses. To obtain the minimum
trim losses, the number of units in each production must be in the incremental of 20 (20,
40, 60, 80, 100, 120, 140, 160, 180 and 200 pieces).

Researchers provided a manual on steel rod cutting methods, which minimize trim
losses steel for precast concrete L-shape retaining wall, and sent to the manufacturer in
order to reduce waste in the factory. The manufacturer has utilized it to procure raw
materials and executing production plan. The result shown less trim losses compare to
previous trim loss management practice.

Keywords : Minimize steel trim loss, L-shape retaining wall, Precast concrete

1. unidn
gaamnssunisneadindugaavnssunanuaziinnudrdglunisiauiuszine
Usewdlneiludssimaniiimsvgialngdudvasduginiaeds yarnisneadielud

A.A.2016 TF1 41.3 Wuauneaans WieUszann 1,400 Wuauum Faenduanuensuyan
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17.9 Wuduneaais wseUszua 607 Wudruum waziduausiunisyanl 23.4 Wudiu
AaaIsusaUTENIM 793 WUAIUUIN (Solidiance, 2017) na3ladrgnainnssuneaing
finansgnudonisasyiulaveslsema vuiunisneadelaedsinnslduuy gnivan

o d

wErmaeunIalunihsnuneairaduismsiinilivsendn esnnifniandeniounn
LazALIILE femaivhliuunsteawuulifududiSguduifesuasiunum
11T BUIUASBUNNSHARTudLlATIES e 9 Tulseay wdhvudsludimiaeauy
Fofuanuitieasns vmsusznevindslusumisideints fedsmsduililiinaay
PerenauauaukazysEaniamlunisneaine HeusendadusaukazaIun o
AvAuUsIaTaqdenieainn1sneasne Francois Coignet Wudundnimuinisneasng
Tnglddududniaguivhainaounniadumin (Wikipedia, 2018)
wianaSluasuniamludumdnidunan (Round bar, RB) ANLETINATEL 10 WA
wazinanidudedas (Deformed bar, DB) A1118719U1ASFIY 10 LUAST LAY 12 LUAT
nsneafdndudesinmanainamenuesgulildnuenideansldey viliilay
wEnAnnn1sinwan Fedmdutiym cutting-stock problem (CSP) Aigasanminadame
Wﬁfaaﬁqm (Jahromi, M.H. et al., 2012) uﬂﬂamﬂﬁa%wﬁmmimaq CSP A® Leonid V.
Kantorovich (Kantorovich, LV., 1960) ffianansaufannisves CSP aesilszansnnde
Gilmore and Gomory (Gilmore, P.C. & Gomory, R.E., 1961)
n53dunsaiunsanimumndniisnanmandunausasimindesesildlunisnan

MunsiufupsunavaednsagUdiuea dnanumun 0.15 wns n319 1.20 WA g9 1.40 wms

817 1.00 LIAT ALAAIlUNINA 1

\\'\
W

Wall

1.40m

Footing

10.15 m

a o v oa a ' ° & LY
AN 1 ﬂ’]LLW\‘]ﬂ“IJ@u@EJUﬂiGmaE]ﬁWLﬁ]E‘UW]LLE]@
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2. TUILaIAYaINIIIY

2.1 wIsnsdnmaniasuliiimvmdniesgalunisndniunsiufunsuniavae
°o < v
dnsagusiuea

2.2 afrsnvuadamansinuanisdeduiiuuauldlunsieszinisnisda
widniesulilirvrdniiesdian

2.3 Favhaiensdnmanasulunisndaiuniiuiuneuninvaed 1595Uduea

a

Tignanldeuieanawminiulssnuy

3. A5AHIUN5IY

mydeassliins@nunisndntumiuAuneuniavaedusazuinea $1uiu 1

! Ya v Yo a < a o v a a ' °o =
200 wis FAglanniiunisaeanuusienisimanasulumunsiuiunsuniavasdusagy
fuea Wuswswdeya dnmfisnisdamdniasy afiuuuadamansivuanisidedu
Fnudn uarinszidoya

3.1 n1saaakuuTIeMsmanEsHlumunsiufuasunSARaad5a3URLea

Anwis1eazidenanuuuiiunsiufivaeuniandedniagudiuea lateya

YAMANLETY VI AINET wasdIuIu AalaatlunIng 2 wasgusinmsanmanidunay

FILANILUNING 3(a), 3(b) LLazgﬂiNmié’@mﬁﬂsﬁaé'aaﬁummﬂumwﬁ 3(c)

5-DB 10 mm SD 30

" 5-RB 6 mm SR 24

22-RB 6 mm SR 24

1.40m

a

1.20m

|
P < a (3 v a = 1 o & LY
AINN 2 maﬂLaﬁﬁ,Uﬂ’]LLWQﬂUﬂUﬂ@Uﬂi@‘ViﬁE}E{’]Lﬁﬁ]'EUG]’JLLE]a
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5-RB 6 mm SR 24

135 m

135 m

010 m ]

100mIOFp10m ]

22-RB 6 mm SR 24

I l
095 m

@

115 m

)

5-DB 10 mm SD 30

010 m™

115 m

(©)

Am#l 3 gUsNsAnwin (Bar Bending)

(@) waz (b) WumdnidunauvulnLdenu

AUENA 6 Hadiuns

(c) \Wuwmandedesvunnduriugugnans

10 Uadkung

Tun1suansuneduRuApUunIaasdsasUsLaantusldvanidunanvuinLay
Y

sjwuquéﬂmq 6 1adLUes (@) A8 0.95 LWAT WU 22 VU kag (b) A311817 2.50

91uu 5 vieu wagldinindedesvuiaduniuaudnais 10 fadwns AN 2.70 1WAS

U 5 VU

3.2 Mafiusiusudays

AIdelafusiunindeyadmiunisndafunaiufuaouninnaed 593U uLea

U 1 — 200 WY PRALAAIIURITIN 1

o o < a v a o v a a -] Y !
M99 1 T\]WU’JUL‘VIGﬂLﬁill‘V](5]@ﬂﬂ']iiﬂﬂﬂ’ﬁwﬁGlﬂ7LL‘WQﬂ‘L!@UQEJUﬂiG]ﬂaEJﬁ’]Lﬁ]EUG]’JLL@ﬁ 1-200 N

ATUIUNLNINUAY
= 1 o <
ABUNIANADENTAIFU

ALoa (Lii9)

FuIUMANLEUNAY

RB 6 daaLuns

o < v v
ATMUIULN VDY

DB 10 daaLuns

o < 174
MUIULAANLEU
nad

RB 6 dAaaLuns

AU 2.50 LUAT

AU 0.95 LUAT

AU 2.50 LUAT

(viaw) (viaw) (viaw)
1 5 22 5
2 10 44 10
3 15 66 15
199 995 4,378 995
200 1,000 4,400 1,000
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3.3 MsiangIsMIfamanEsH
Ya o Y o (Y aq Y [ a & & Y o [ < £
A3delavinnsdangisnisdamdniasunanuanduldld dmsumandunay
RB 6 fadiuns livysvianuaiidululadiuau 28 38 dwandlumsnd 2
i aa Y 13 £ a a o/
A1519% 2 vefIsnsdamanidunas RB 6 Jadwns ANe1IRTEIL 10 Wwes Tildeaanuen

2.50 a3 wag 0.95 ung

NNSAALAAN AN IMENTIRD9NTS LAYMAN
35 (LUn3) (L1n3)
1 2.50 7.50
2 250 x 2 5.00
3 250 x3 2.50
4 250x 4 0.00
5 0.95x1 9.05
6 095 x 2 8.10
7 095x3 7.15
8 0.95x4 6.20
9 095 x5 5.25
10 0.95 x 6 4.30
11 095 x7 3.35
12 0.95x 8 2.40
13 0.95x9 1.45
14 0.95x 10 0.50
15 2.50 + 0.95 6.55
16 250 +0.95x 2 5.60
17 250 + 0.95x 3 4.65
18 250+ 095 x4 3.70
19 250 +0.95x5 2.75
20 250 + 0.95x 6 1.80
21 250 +095x7 0.85
22 250 x 2+ 0.95 4.05
23 250x2+095x 2 3.10
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A13197 2 MIEnsdamanIduNaY RB 6 dadwns mnueImnTgIl 10 was Tildaanue

2.50 @S ay 0.95 LWas (Mv)

NNSAAAN AN IMENTIRDINTT LAWLAN
354 (Lun3) (Lun3)
24 250x2+095x3 2.15
25 250x2+095x4 1.20
26 250x2+095x%x5 0.25
27 250x 3+ 0.95 1.55
28 250x3+095x2 0.60

dwiumandedos DB 10 Tadwns ANUE1ININTFIU 10 WAs aunsadiundnlile

AL 2.70 was enisviaue i dululadiuau 3 35 datanslunnse 3

A15°99 3 wISmsinwdndedes DB 10 fadwms Aue1INnsgIL 10 wes Wildauend

2.70 1IR3
ANSAALAAN AMNENNAANTIdaeNS LAYUAAN
35 (bun3) (Lun3)
1 2.70 7.30
2 2.70 x 2 4.60
3 270 x3 1.90

dwsumandades DB 10 §adns AMUEININTEIU 12 1was asatundabnle

ANen 2.70 wes Wndisiommeddululidiuau 4 35 dwandlunisen 4

A13197 4 myIsnsdawvandedey DB 10 fiafiuns ANeINInsgY 12 wes Wildauens

2.70 WRS
NNSAAYAN AN IMENTIRDINTS LABLAN
351 (bun3) (Lun3)
1 2.70 9.30
2 270 x 2 6.60
3 270x3 3.90
4 270x4 1.20
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3.4 MIE3AVUANAAIEASAUANSITLdUIIUILLAN
ARdelaassiuuuadinenansingldndnimuanisidadusuauda (Schrijver,
A., 2000; Taylor Ill, BW., 2013) ﬁﬁmﬂizmﬁlﬁﬂﬁmwmé‘ﬂsmﬁaaﬁqm 91f8YaUAIINNT
FIUTW wasmsdamfasnsdamanady lisuuuedamansimuanisidadusiuauiy ol
mséfmmé‘ﬂLé’uﬁﬁmma’nmmgm Tdaunauen | was Wudwau g veu
AUANUABINITITIULAY i= 1, 2, .., m

o [y < v a a
FANNTULMANLAUNAN RB 6 UaaLUnT AITNETININTZIU 10 Wwes

max < 10 (1)
1<1<m
AAUA LA
Z A9 NATINTINUAVDILANANAINAITAR
3y Ao TuIuvisuMANnaNATivuInANNE1 | FedalneIST |
& ° Y] < g Yo ada
X; AD FINUFUUENNANTUIANINTFIU 10 19T NlTAALALTEN |
o! Ao IUIUvRUMANNaNNTYUIAAINNETD |
G Ao ANYTBAAANIINAITAAUENNANVUIANINTFIU 10 Wns 1e57 |
Handuanuseasd
n
Minimize Z_;ijj 2)
4931
n
=
fori=1,2 ., m
j=1,2,..,n

x = 0 and integer

NSMNISNAANLNITUAUTIUIY 20 wyia TEwdnidunay RB 6 Hadums ANe1?
11557 10 wns daifelildndnanugnn 2.50 w3 $1uau 100 viou LALAILEN
0.95 1A S1UI 440 viau TAEnsinvivun 28 33 Fuvundineans Tisd
Handugauszasn

Minimize Z = 7.50x; + 5.00x, + 2.50x5 + 0.00x4 + 9.05x5 + 8.10x4 + 7.15%5

+ 6.20%5 + 5.25%0 + 8.30x,0 + 3.35x,; + 2.80x,, + 1.85x,5
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+ 0.50%14 + 6.55%;5 + 5.60x16 + 4.65x17 + 3.70x15 + 2.75xq9
+ 1.80%50 + 0.85%y; + 4.05%,, + 3.10%55 + 2.15%50 + 1.20%ys
+ O.25X26 + 1.55)(27 + O-6OX28

Y9INAVUINANLTI 2.50 LINT

X1 + 2Xy + 3X3 + OXgq + Xi5 + X16 + X17 + X158 + Xq9

+ Xoo + Xo1 + 2X22 + 2X23 + 2X24 + 2)(25 + 2X26 + 3X27 + 3X28 = 100

YoINNAVUINAINYTY 0.95 LUAT

X5 + 2Xg + 3X7 + AXg + 5Xg + 6X19 + X1 + 8% + IXy3
+ 10)(14 + X5 + 2X16 + 3)(17 + 4)(18 + 5X19 + 6X20 + 7X21

440

+ Xy + 2X93 + 3Xoq + OXo5 + BXog + Xo7 + 2Xog

W Xy, Xp, oo Xog = 0 WaziduduIuA

dwiumandedes DB 10 Jadwns AMUE1ININTFIU 10 LWAS

max < 10
1<i<m

dwiumindedes DB 10 Jaduns ANNETINNTFIU 12 WAs

max < 12
1<ism
MAua LA

z A9 NATIUTVUAVBILAAANINNAITHA

3y Ao uIUeUMANUESRETITYUINAINETT | TainlaeiET j

Xy A9 InudumdntedosrunaninsgIu 10 wns Nldalee s j

a ° Y] & v v Ny Yo aaa

Xg) AD FUIUAUUENTREREUUINUINTEIN 12 1ung NlEanlaeI59 |

o A9 uuvieuMandedesidivuinnnued |

Cy  AD AMUETVDLAMMANIINNIIAAMANTDSD8IUINLINTTIU 10 LUAT

19e59 |
Cy 9 AINEIVDLAMNANIINATAAMENTDTDBUVUIAUINTEIY 12 LIRS

a9 |

Handugauseasnd

Minimize Z =3 "€, X 5 * 2 CoX g
=1 =1
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SRERNG
JZ:;ainAJ +ji=l:aiJXBj =q, (10)
i=1,2,.,m
J=1,2,.,n
Xpj = 0 and integer
Xgj = 0 and integer

Y v

NSENISHARNAILNIAUANABUNTATIUIY 20 Wi Tnandedes DB 10 Dadiuns
ANE1INTEIL 10 s §35nsinienan 335 wasndndedosaiuenininigiu
12 wns TAsMsinmun 4 38 el lémdnen 2.70 wms $7uau 100 vieu fuuundineans
flgredd
Handuanuseasd

Minimize Z = 7.3OXA1 + 4.6OXA2 ar 1~90XA3 + 9'30X81 + 6.60)(52 + 3.90)(53 + 1'20XB4 (11)

%@ﬁ?ﬁﬂ%Mﬂﬂﬁ:ﬂﬂﬂ 2.70 LURNS
Xa1 T ZXAZ + 3XA3 + Xg1 + 2XBZ e 3XB3 + 4X54 = 100 (12)

P & o &
bUB Xa1, Xa2, Xa3s XB1s XB2s XB3s XBa4 2 0 LaZLUUINUIULAL

3.5 M3Anszidaya

a

398 lAATIZMNINAANEVDIAILUUANAAIAN S AN UANITITUAUTIUIULAY

e

Tngldlusunsu Solver Falulusunsudnsagunldsoudulusunsy Microsoft Excel
Feausaldaulalaesonldaruniu Add-ins TUswnsy Solver tutasasiiaraelunismn

AnaUNFBINTLAaE193IAL5

4. NaN15IY
manaaiumsiufureuninvdednsagudeaiiinmumnantosiign 3nn1sAny)

ANSNANTIUIL 189 200 w9 wan15338asuleI1 N1sHAAAILNIAUAUABUNSANTI1UIU

3

'
a A a

ﬁ:]%ﬂ’]igfﬂL‘W'gﬂLLﬁ%U%NWmLﬁUmﬁﬂﬁ@ﬂV]ﬁﬂﬂa AINERAILIU 20 40 60 80 100 120 140 160

q

180 uag 200 wiia Falvinaniioudu Ae & 2 35 lunsdmuinidunay idurugudnai

6 Jaduns ANB1ININTFIU 10 WS WAlALANe17 0.95 WS uaz 2.50 was wazd 133
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Tunsdnmandedos Wdurugudnats 10 fadluns AnuenunsgIv 12 wes Wildwdng
2.70 wes nnsaessinuindnaaviindunatiazinandedes Andudesas 3.29

waz 11.11 MUSITU MW 5 kDS NISAAVANES LA IMTUNSNARA NS UAUTIUIL 20 LA

A1519% 5 3N 19EAANLaSUA NS UNISNAAA LN TUAUIIUIU 20 Tu

WIan | TWIAAINANNABINNS | LAWIUAN
GEHY
B | swmanueniidadmiuld | wamsgiu | 270 | 250 | 095 | 59
Ny T¥am | was | was | was | (uns)
(Hw) | (view) | (view) | (viow)
AN RB 6 mm SR 24 A3l
81941015911 10 LIRS
1 0.95 095 0.95 0.95 0.95 19 - - 190 9.50
0.95 0.95 0.95 0.95 0.95
2 2.50 250 0.95 0.95 0.95 50 - 100 250 12.50
0.95 0.95
FIPEY 69 100 440 22.00
3.29%
wAan DB 10 mm SD 40 A3
81940591 12 1IRT
1 270 2.70 2.70 2.70 25 100 - - 30.00
33U 100 30.00
11.11%

5. @yunauazn1sanusena
5.1 msisvafeilldnanuinguszasd
1) Anwrnisnnsdamdniasuliiiavinandesfianlunisndniiunsiudiu
AounInnaedsagUiuea myideEulnenisaeauuuiumsiuRunuInlunsanf iy
AunAazuisUsznaumemandunay RB 6 Tadiuns Ame17 2.50 1As 91U 5 viou
LaZAIINE1Y 0.95 WA 119U 22 iew widndedeos DB 10 fafwuns AINE1 2.70 1WAT

71U 5 119U NISHARTIUIN 20 40 60 80 100 120 140 160 180 WAy 200 LNILANAANS
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wilouduRaliduiuisnisfamanuazUSunanawnaniosfign F9d 2 38lun1sdmuin
Wunay RB 6 dadlunsnnueuInsg1u 10 was luldudng1i 0.95 wns uay 2.50 wns
AuReenI1s wazd 1 35lun1sdnvandedes DB 10 NaAlunsAIue1ININTFIU 12 LUAT

Tnlamane 1 2.70 1w MudeInIs

3

2) a$efnuuadiamansldlunisinsisinnisnisdamdnlrtiruuanios

a
ngn

¥ p 4 U a

370 leas19F LU UASIAAIARS AINUANITITNAUIIUIULAN Tlun15AT e

=34

widsnsdamaniasulidiawndntesiign lagld 1 dauvudmiunisiniuanidunay RB
6 Tadwuns AMUEIUINTFIU 10 AT Uaz 1 fuuudmsudnmandedes DB 10 Jadwns

PTANEMUINTFIUAT 10 AT LAz 12 AT 91NNTIATIINUIISINauAwrdndunay

a <

wazmandedestioeiignAnluiosas 3.29 uay 11.11 muad1au

a ! ° < Y

INNADAIITUAILDA

Y

IS (Y

3) %’mﬁw@uaﬂﬁimmmﬁma%ﬂuﬁmwﬁuauﬂauﬂ

N

v o v [ Y a v =

Weladnihaionisdamaniasulunisndaiunsiufuseuliuigm e, Asunin 911n

R e

¢ Y a =

< [N a 1 o < a v Y a ¥ o v i% 1%
GZNL‘U‘LJB\INaG]ﬂWLLWQﬂU@‘Uﬂ@‘UﬂiWﬂﬁ@ﬁ’]Li"\]’gﬂ inmmamlﬂmﬂmalﬂmmuazLLNT‘M

Y

=3

LW INYIFYULTFAITNIIUIN mamﬂﬁz’f@jﬁamsﬁmmﬁma%mﬁwﬂuﬁmwa%aem?m RISATRR L]
aunsausmsdnmsluiosnsdnte uaznsufiRnuldegidiussansnm aausuauumanis
LY =3 a o d'd 6 1 a o
JUUNANUIeNLUTE levtnausem
5.2 aausieua

31nn1sAnwITenuinisnaafwnsiufurouniavaedn5aguiueadiuiu
20 40 60 80 100 120 140 160 180 kag 200 wnd lunadnwsindounudl 235 Tunisda
wianidunay RB6 Nadlunsmue1nuInsg 1y 10 was Wldwane 0.95 wes ua 2.50 Wwns
AIUAIUADINTT TualvAnUSUAYIYANSD8aY 3.29 FeliA1testilaieuiunadny

~ | = a | % aa | A a
¥84 Norman G. Foster 152411 iawmaniinlusiuneainaiiinisauaneg1eniiviunu
$avay 6 (Foster, N.G., 1995) agnalsAniudl 1 35lun15dmndndades DB 10 fadiuns
AUBININTFIY 12 W05 WELuane1d 2.70 s a1uaudeans InalminuSuia
2 v o A ' 2 v A a o a \ '

WAwaniesay 11.11 Fellauinnitdniauiilalis ununas1ueey Floyd Vogt 1081731

wwvanAalunuieadieluiivsunadesas 10 (Vost, F., 2015)

6. NAANISUUIZNA
Yo o Y ~ a o w ~ Y a o Iz a o
HIY8U0YBUAMUTYN W.1B. ABUNTA 311 Nounnlilindndaiveauiyn

Tun15ANY1I98 LAYV UAMNMINIREWIAISNLTUNITITeATIL
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npUszasAiafnydneazianisveteesninguasnginssunisdnsn
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yo989dnuuiiuiesiin Weduuuimddunslduselovdonsdnionisanussndndas
wsin Ingnisiiensdnavludmseiesduseneuniaeil sremadangiiesnsudnesy
dunssaalUalnsiuns (Flourier Transform Infrared Spectrometry, FTIR) Laginafiafing
TasnlansiTiuiusuaanlasmvs (Gas Chromatography and Mass Spectrometry, GC/MS)
WU mﬂ%’ﬂauﬁUizaﬁﬂauwé’ﬂﬁﬁ‘[maa%ﬁﬂmLaqaﬁummﬁﬂaa (catechol, CgHq(OH),)
émﬁ'uimLaqammmﬁﬂizﬂauﬁL‘fJuIezimq lusUresansuseznoutauneindidaiaiinea
(Heptadecenylcatechol) Fsluanasinariduneuameisslumafnujisemoauwels
wuiliesoniniindona (thitsio) uonanidanuirdtndussdusznevidosas 40
PINNSANYIANBUENIINIEAN TALA AMURLILLY ANURila LarTreLaaIn1suleda
wudnfiawindu 0.98 niudegnuafiaufiums 4,057 daduraaaiundl wag 14 Tu Ay
devhmsnaaeuifenfunginssunisidenin waznsBafauuiuiuesifin wuin maiden
Anfuduuundnfasifinismnfegungifigaulusasiidne 1ud 700 - 1200 a3
wallea 1osnanunguiafianas egnalsfinm annsafindszaviuszansnadenin
Fronswanitunaiioanauniinesedn wazsiethorsinlddevindeisiin
friunisiilugasgamadl 700 - 1200 esrwalTea waznaaeUnIsEARANUIN Ngumngi

NS0 700 asrLealed Insinfinvetensingsiian Weguiuguuniiou q insAne
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Abstract

This research aimed to study the characteristics and behavior of adhesion of Gluta
Usitata sap on ceramic surface. For use in decorating materials on ceramic products,
its chemical composition and structure were studied using FTIR (Flourier Transform Infrared
Spectrometry) and GC/MS (Gas Chromatography and Mass Spectrometry, GC/MS). It was
found that catechol (C¢H4(OH),) linked with aliphatic molecule in the form of
Heptadecenylcatechol compound was a major composition of sap corresponding to
thitsiol monomer. In addition, water was found to a level of around 40%. The physical
characteristics of sap in terms of density, viscosity, and hardening time were 0.98 g/cm?,
4,057 mPas, and 14 days respectively. The wetting and adhesion to ceramic surface
between 700 - 1200°C firing temperatures was studied. It was found that increasing the
wetting meant increasing the firing temperature due to lower porosity. However, Kerosene
was used for reducing the viscosity in the lower contact angle or increasing the wetting
using high kerosene content. The optimum adhesion of sap on ceramic surface was found
at 700°C firing temperature compared to the other temperatures with higher porosity and
higher adsorption.
Keywords : Lacquer Sap, Gluta Usitata, Lacquer Ware, Varnish, Thitsiol

1. UNUI

81950 (Sap) fesdusznaunaniiidusyiusvssafinea (Catechol, CHy(OH),)

]
=

Feagluguved (1) 939008 (Urushiol) FanuludnIu gdu inmd d¥emeingrmansin Rhus
vernicifera (2) wanaoa (Laccol) Fanulusniioauiy Laniu d¥en193ne1mansin Rhus
succedanea Way (3) indeooa (Thitsiol) Fswulusnlng Tulve wi Hen19ingeansin
Gluta (Melanorrhoea) usitata (Honda, T. et al., 2008)
v a wa I3 L9 [ o | aaa d' a | '3
g195ninautilunisudaialalagenfedssufisen Nsendt euleduaniaa

(Laccase) denalineuaiues (Monomer) MoglusUayiiusvaanfinoainufisemediuels

= v

Wiy (Polymerization) nanailunediues (Polymer) faud@lunsdainglad vilsiinigu

1%
[ Y

g195nunlgUselosludnuyaenisiadouiiadan Manviiantyd lane wazeA3a9UuAuLN

9

[

Tudsedfransiinissieaunisttuselevdenasnlitasnii 4,000 U (Frade, J. C. et al,

2009, 2010, Lu, R. et al, 2004) Fadnwaznsideruiivemsidludnvaznisindsuiiiels

LARANAINY U9 unsTup1uven kaznsidnuludnuuzanuaaig dmsululszmelne
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=% a

wodwolsiedu Judu fdauiulun1siseddiauaulanav@nudnwarianzvesenssnlvg
Fetputhunlglunisiefouiinaz ngRnssunsdnfinvoe19snInguUNURLEIENANILNTS
g fisnaiulugaa 700 - 1200 esrwgai@ea wisiduwuimislunisimuindn s

a aa

Ww51INNge195nTUNSARDURIDANWAIRIENDIAILUAININSEARANR

2. 9QUszaIAYaINITIY
2.1 Wefnwanwauglaniznisnieninuaznisadvesesdnluglunundsnin
el

a

2.2 \iaAn¥INgANTIUNITEARAYRIE1 9T NUUHURILYI TN AR UN SR8 N Tl

Y

700 - 1200 24AYaLTYd
3. 9AUUNN5IY
3.1 dngRunazn1sAneraneasianie
fnnauildlunisAnuléun srsdnlugluiiufidmiadednl Tasvinnsinw
ANWAENINNIENNLALNIGLAT TauA
1) MsAnwndnwaziamymenenm Taun Aty Tnensvildnnutussive
flgamndl 40 esruaiBea nauaunseiatimiinasii (Lu, R and Miyakoshi, T., 2015) wéavin
nsfaMSesaryanLiy vz iammumindedieSammumilnvemiodn (Ford cup)
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Abstract

Water has played an important role in controlling geopolymerization and thus
mechanical properties of final geopolymer products. Effects of internal water and
atmospheric water on formation of fly ash-based geopolymers and their properties
were systematically studied in this research. The initial water amount was varied from
29 to 44 wt%. To investigate the effect of the atmospheric water, curing was designed
into 3 successive steps. The samples were first activated at 60 °C in a water saturated-
atmosphere for 24 h. Then they were cured at 40 °C for 3 days in two atmospheres;
water saturated- or open, prior to curing at 40 °C in an open atmosphere for another
3 days. Microstructure was examined using a scanning electron microscope. Porosity
and apparent density were measured following ASTM C 642-06. The results showed
that porosity of the samples increased with increasing the initial water content.
The initial water content, however, had only minor effect on the apparent density.
Curing in the water saturated-atmosphere resulted in a significantly improved
compressive strength possibly due to the milder water evaporation. Compressive
strength increased with decreasing the initial water contents according to lowered
porosity contents. In conclusion, the samples with 29 wt% water content cured in the
water saturated - atmosphere showed the highest compressive strength of 34 MPa.
This geopolymer paste showed promising potential in construction industry as
a cement paste replacement.

Keywords : Fly Ash Based Geopolymer, Compressive Strength, Apparent Density
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1. Introduction

Geopolymer is a kind of inorganic polymer made from silica and alumina
sources activated by alkaline liquid medium. Geopolymer is considered as a potential
alternative construction material to Ordinary Portland Cement (OPC), according to its
excellence mechanical properties as well as heat and corrosion resistance. Fly ash has
been a major source for geopolymer synthesis due to its high amount of active silica
and alumina. Furthermore, fly ash is a by-product from coal combustion so it is
abundant and inexpensive. Activation agents mostly used in the geopolymer synthesis
were sodium hydroxide and sodium silicate solutions.

In the past decades, attempts to improve mechanical properties, especially
compressive strength, of fly ash-based geopolymers have been performed extensively.
There are many factors that could affect the compressive strength of fly ash-based
geopolymers. The finer fly ash particles giving rise to higher compressive strength was
reported (Bohlooli, 2012). The optimum concentration of sodium hydroxide solution
was mostly ranged between 10 and 15 M (Chindaprasirt, 2007; Panias, 2007; Ayuso,
2008; Chindaprasirt, 2009; Rattanasak, 2009; Somaratna, 2010; Nazari, 2011; Arioz, 2012;
Bohlooli, 2012; Joseph, 2012; Rajamma, 2012; Tho-in, 2012; Ryu, 2013; Vora, 2013 &
Gorhan, 2014). The best weight ratio of sodium hydroxide to sodium silicate was 1:1
(Chindaprasirt, 2007; Rattanasak, 2009; Rajamma, 2012 & Ryu, 2013). Some works
showed the relationship between the compressive strength and the curing

temperature. The most appropriate curing temperature reported was in the range of

20 - 90 °C (Jaarsveld, 2002; Ayuso, 2008; Temuujin, 2009b; Sukmak, 2013; Vora, 2013
& Xie, 2014).

Initial water content was another factor that could significantly affect the
mechanical properties of geopolymers. Water is a reaction medium for ions transportation
during gseopolymerization. After geopolymerization, some water forms hydroxyl, while the
excess water is expelled from the three-dimensional network. Increasing initial water
content to beyond the needed amount could thus cause a reduction of compressive
strength (Temuujin, 2009a; Ferone, 2011 & Vora, 2013). Curing condition was also found to
play an important role in controlling the mechanical properties. Aggressive water

evaporation could result in cracking and thus a diminish of significant properties of
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material. The work by Jaarsveld showed that a higher compressive strength was
obtained from the samples cured in open air (Jaarsveld, 2002). It was, however, later
reported that the higher compressive strength was achieved with a closed curing setup
(Izquierdo, 2010). The best curing regime is thus still controversial.

This work was thus aimed to systematically study effects of the internal water
content and curing atmospheric water on formation of fly ash-based geopolymer and
their respective properties. To improve the mechanical properties, curing condition

was re-designed and addressed in this report.

2. Materials and Methods

2.1 Materials High calcium fly ash (FA: Mae Moh, Lampang, Thailand) was used
as silica and alumina sources in this study. Sodium hydroxide (NaOH) solution with a
concentration of 10 M and sodium silicate solution was used as the activating agents.
The chemical composition of FA, determined using an X-ray fluorescence spectrometer
(HORIBA, MESA-500W), is shown in Table 1. The particle size distribution, determined
using a Laser diffraction particle distribution analyzer (Malvern, Mastersizer 2000, Hydro
2000MU), is shown in Table 2. The chemical composition of Na,SiOs, provided by the
supplier (C. THAI CHEMICALS CO., LTD), is shown in Table 3.

Table 1. Chemical composition of fly ash determined using an X-ray fluorescence

spectrometer
FA SiO, CaO | Fe,05 | ALOs | SO; | KO | TiO, | Mn,0O5 | BaO
Composition
( ) 29.765 | 24.545 | 19.074 | 14.248 | 9.226 | 2.309 | 0.526 | 0.183 | 0.124
wit%

Table 2. Particle size distribution of fly ash determined using a Laser diffraction
particle distribution analyzer
Distribution D10 D50 D90 Average
Size (um) 2.23 26.56 134.93 54.67
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Table 3. Chemical composition of sodium silicate as supplied by the manufacturer
Na,SiO, Na,O SiO, H,O
Composition (wt%) 15.50-17.50 34.25-36.25 46.25-50.25

2.2 Samples preparation Sodium silicate and 10 M NaOH solutions were mixed
together at a weight ratio of 1:1 for 3 min to form an activating solution. Fly ash, at a
fly ash to solution weight ratio of 1:0.6, was added into the activating solution under
stirring for 30 min. The water content selected was 29, 34 and 44 wt%, with 29% as
the lowest water content possible for paste fabrication. To obtain the greater initial
water contents, extra water was added during solid/liquid mixing. The mixture was
poured into a cylindrical shaped-plastic mold of 11.6 mm-diameter and 29 mm-height.
Curing was performed in three successive steps. The samples were first kept in a sealed
container together with 180 mlL-water in a separated cup to generate the water
saturated-atmosphere. The sample sets were kept in an oven at 60 °C for 24 h. In the
second step, one set of the samples was further cured in the same container while
the other was cured in an open atmosphere, both at 40 °C for 3 days. Finally both sets
were cured at 40 °C in an open atmosphere for another 3 days. The notation of
samples i.e. water saturated or open was according to the second step curing.

2.3 Compressive strength test Compressive strength was determined using a
universal testing machine (INSTRON 5566) after 7 days. The loading speed was set at
1.0 mm/min and the maximum load of 10.0 kN was used. Average value was obtained
from five samples.

2.4 Microstructure, porosity and apparent density Scanning electron microscope,
SEM, (LEO 1450 VP) was used for microstructural examination. For porosity and apparent
density determination, the samples were dried in an oven at 105 °C for 24 h, and then
immersed in water at an ambient temperature for 24 h. Vol. of voids and apparent
density were measured following ASTM C 642-06. The average value was obtained

from five samples.
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3. Results and Discussion

3.1 Effect of curing condition on the compressive strength Fig.1 showed
that at the same initial water content, the samples cured in water saturated-
atmosphere in the second step gave a significantly higher compressive strength than
those cured in the open atmosphere. The samples with an initial water content of
29 wt% had the compressive strength of 34 MPa which was around 3 times greater
than that obtained from the samples cured in open air. The value increased from 7 to
30 MPa which was about 4 times in the sample sets with an initial water content of
34 wt%. However, the difference was not remarkable for the samples with an initial

water content of 44 wt%.
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Figure 1. Effects of curing conditions in the second step on compressive strength of

geopolymer samples

3.2 Effect of initial water content on compressive strength, apparent
density and porosity The relationship among compressive strength, apparent density,
porosity and initial water content of fly ash-based geopolymer was clear under open
curing condition. The compressive strength decreased significantly, from 11 to 3 MPa,
while the porosity was increased from 24.7 to 32.2 vol%, with increasing initial water
contents from 29 to 44 wt% (Fig. 2). Therefore, it was clear that under open curing
condition, the compressive strength decreased with increasing initial water contents as
a result of increasing porosity. It was also shown that the apparent density remained

almost constant, regardless of different initial water contents.
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Figure 2. Effects of initial water contents on compressive strength, apparent density
and porosity of geopolymer samples cured in open atmosphere in the

second step

In an open atmosphere, a similar trend was also obtained, as shown in Fig. 3.
The compressive strength dropped sharply from 34 to 6 MPa while the porosity
increased from 25.7 to 37.2 vol% with increasing initial water contents from 29 to

44 wt%, while the apparent density was almost unchanged.
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Figure 3. Effects of initial water contents on compressive strength, apparent density
and porosity of geopolymer samples cured in water saturated-atmosphere

in the second step

3.3 Scanning electron microscope analysis SEM micrographs for the samples

with two initial water contents of 29 wt% and 44 wt% were comparatively shown in
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Fie. 4 and Fig. 5 respectively. Surface cracks were observed in both geopolymer
samples suggesting the great amount of water evaporation during curing. According
to Fig. 4(a) and Fig. 5(a), the samples with an initial water content of 29 wt% showed
a much smoother surface than the samples with 44 wt% water content suggesting
a possible higher degree of reaction progress. Porosity of the samples with 29 wt%

water content was obviously less (Fig. 4(b) and Fig. 5(b)) than the ones with 44 wt%

water content.

, o g
Y e W e

Figure 4. SEM images on polished surface of the eeopolymer sample prepared with an

initial water content of 29 wt% in water saturated-atmosphere

LS
Figure 5. SEM images on polished surface of the geopolymer sample prepared with

an initial water content of 44 wt% in water saturated-atmosphere

4. Discussions
Significantly higher compressive strength could be obtained from the geopolymer
samples produced in the water saturated atmosphere in the second step. However, at the

same water content, the geopolymer samples cured differently showed almost the same
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apparent density but slightly different porosity. The samples cured in an open
atmosphere showed a slightly greater porosity level. It was likely that porosity played
some role, but not dominant, in controlling of the compressive strength. The role of
water at the early stage of polymerization could be so significant that improvement of
the compressive strength was clearly observed in the samples cured in the water
saturated atmosphere. Water played a role as the medium for transportation of the
reacting ions so the greater degree of polymerization could be obtained in the samples
with sufficient amount of water during that stage. Further examination is required
to clarify this statement.

Compressive strength of the geopolymer samples increased significantly, while
the porosity decreased remarkably with decreasing initial water content. Evaporation
of excess water could possibly occur more mildly, and the reaction progressed more

completely in the samples with lower water contents.

5. Conclusion

Our present research found that water has played highly important role to the
properties of fly ash based-geopolymer. Curing in the water saturated-atmosphere
could greatly improve the compressive strength of geopolymer samples, indicating
effectiveness of the proposed curing setup. Compressive strength was increased with
decreasing initial water content in the experimental range. This trend was observed

in both curing conditions.
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Abstract

The purpose of this research was to examine the butt joint welding of aluminum
alloy SSM 5083 with semi-solid metal processing. The variables in welding were the
rotation speed of tool pin at 1,200 and 1,500 rpm. The welding speed was at 120 and 160
mm/min. The welding temperature of carburizing flame was at 590 to 610 °C and CO,
was applied to cover the welding line.

After the welding experiment, there was no crack which occurred from not joining
condition on both top and down welding area. The porosity was occurred less in macro
structure the rotation speed of tool pin at 1,200 rpm with welding speed at 160 mm/min.
The micro structure, in the rotation speed of tool pin at 1,200 rpm with welding speed at
160 mm/min, there was spheroidal structure and grain dispersed regularly. On the rotation
speed of tool pin at 1,500 rpm of both welding speed, the dendrite structure was occurred.
It can be concluded that the rotation speed of tool pin at 1,200 rpm is most suitable for
semi-solid state joining.

Keywords : Semi-Solid State Joining, Microstructure of Aluminum Alloy SSM 5083, Welding

Parameters

1. Introduction
Metal welding processing is to join and assemble the components and it takes a
major role in various industries such as automobile industry which its welding processes

progressing develop. It starts from arc welding with bare wire, gas welding up to shielding
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gas welding which is fusion welding. Afterward, the process has been developed to friction
stir welding (FSW). (Muangjunburee, P., 2551) FSW is non-fusion welding or solid state
welding which welding temperature used was under the melting point of metal. The heat
was occurred from friction force between tool pin and the surface of work pieces. For
welding process of some metal such as aluminum, fusion welding would cause some error
in joint like pneumatic space or crack in welding joint. Consequently, to solve this error in
welding joint, frictions stir welding has been applied for aluminum welding and when
compared with fusion welding it caused good metallurgical properties and the mechanical
properties of welding joint which was higher than fusion welding.

Currently, there are the competitions in semi-solid metal (SSM) casting technology
in both Thailand and oversea. In Thailand, the research and technology on semi-solid
metal has been started and applied to inside-country industry for 1 to 2 years ago such as
in airline industry, machinery builder and electronics in order to decrease weightiness.
Furthermore, the latest and effective energy technology in casting is semi-solid metal
welding in Rheo-casting with Gas Induced Semi Solid (GISS) technique (Chucheep, T., 2007)
which its casting method was releasing inert gas through graphite anode for metal flowing
to be spheroidal grain structure (Wannasin, J., and Thanaburungkul, S., 2008). Then, it was
formed by casting while some parts of them are semi-solid metal condition.

Nevertheless, in order to bring aluminum alloy piece that casts through semi-solid
method to work effectively, it would relate to forming and repairing. Later, semi-solid
aluminum would be worked unavoidably with similar joint or dissimilar joint welding. Semi-
solid welding would be applied because the structure of this aluminum was spheroidal
and to keep it as the former structure, the welding process would take an important role
in joint welding. Semi-sold welding is non-fusion in welding line which it categorizes as
new technology for applying with aluminum alloy SSM 5083 which is also the developing
material because when it is welding, its structure is in semi-solid condition. At that point,
its welding line would not change phrase into dendrite. Consequently, the whole

information and reasons as mentioned above is the basis of this research project.
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2. Objective
2.1 The study of welding parameters from semi-solid state joining of aluminum
alloy SSM 5083 covered by CO, gas.

2.2 The effects compare on microstructure properties from semi-solid state joining.

3. Methods
3.1 Materials
The material in this experimental research was SSM 5083 aluminum alloy
which was casted by semi-solid technology with GISS process and its chemical
composition was shown in table 1. The prepared work pieces for welding was length 120
mm, width 60 mm and thick 5 mm. There were 24 work pieces and they were repeated

experiment for 3 times.

Table 1. Chemical composition (wt. %).

Material Mg Mn Fe Si Cr Cu Zn Ti Al

SSM 5083 449 (04-1 |04 0.4 0.25 | e 025 |0.15 | Bal.

3.2 Tool pin preparing
1) Tool pin in welding process was made from SKH 57 metal as in JIS standard
with cylindrical shape (Elangovan, K. et al., 2007). The diameter of pin shoulder was 8 mm
and its radius between shoulder and head was 1.8 mm. The diameter of tool pin was 3.6
mm and the length of tool pin was 3.4 mm.
2) The flame of welding was carburizing (Oxygen — Acetylene gas).
3) Data Logger Thermocouple was used to take the temperature of work
pieces and gather data while welding.
3.3 Welding parameter
1) The speed of pin tool rotation was at 1,200 and 1,500 rpm with the welding
speed was at 120 mm/min and 160 mm/min.
2) The CO, gas was applied to cover the flow rate was 0.6 Nm?/h
3) The welding temperature was around 590 to 610 °C
4) The welding tilt angle of pin tool was at 2 degree.
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5) The direction of pin tool rotation was followed the clockwise.
6) The working pieces were specified moving to the pin tool in this experimental

research.

3.4 Semi-solid welding process

} Rotation direct
Carburizing flame
0 Adfmcma Retreating

I'

ool

Thermo-coupling

-

Weld

Pin tool Travel direction

Figure 1. The welding continued according to specified variables until finished.

This research was experiment under various variables from fundamental welding
of welding speed, the speed of pin tool rotation and the adjustment of welding flame.
The semi-solid welding was occurred when some part of the metal was fusion.
This process was butt weld which would not erode the working pieces and attached them
with bracket of vertical milling machine. Before welding, the working pieces were warmed
by carburizing flame around 2 minute then blow the flame on the surface of working
pieces that connected with tool pin around 12 minute. The temperature occurred on the
welding line was 590 to 610°C. The temperature at welding surface was taken and
controlled by thermocouple. CO, gas was applied to cover the welding line with flow rate
at 0.6 Nm?*/h. After that, putting the pin tool with rotation speed and clockwise to working
piece until the shoulder of pin was touched the surface of the working piece for around
12 seconds. Then, welding as variable set until all the process was finished (Figure 1) and
after welding, the welding line was set as advancing side, which the rotation of pin tool
and the direction of welding were in the same direction, and retreating side, which the

rotation of pin tool and the direction of welding were in the opposite direction.
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4. Results

4.1 The welding surface appearance was convex wave and rough from pin tool
stirring. There was no crack which occurred from not joining condition on both top and
down welding area. It can be concluded that the rotation speed of tool pin at 1,200 rpm
is most suitable for semi-solid state joining.

4.2 The porosity was occurred mostly in macro structure of the top area of welding
lines in every variable especially in the rotation speed of tool pin at 1,500 rpm with welding
speed at 120 mm/min. The porosity was occurred less in the rotation speed of tool pin at
1,200 rpm with welding speed at 160 mm/min.

4.3 On micro structure, in the rotation speed of tool pin at 1,200 rpm with welding
speed at 160 mm/min, there was spheroidal structure and grain dispersed regularly. On
the rotation speed of tool pin at 1,500 rpm of both welding speed, the dendrite structure

was occurred.

5. Conclusion and Discussion
5.1 Examination on the welding surface

The examination on the welding surface in semi-solid state joining (Figure 2)
with digital camera, it was found that the welding surface was convex and rough from the
stirring of pin tool. The crack from unjoining weld of the top and down area was not found
(Yao Liu,, et al. 2012). From observation, the black trail occurred at the edge of the welding
area which this area was influenced from the flame. Moreover, the rotation speed of pin
tool at 1,200 rpm of both welding speed, the welding surface were more complete and
fine than the rotation speed of pin tool at 1,500 rpm. It can be concluded that the rotation

speed of tool pin at 1,200 rpm is most suitable for semi-solid state joining.
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120 mm/min 160 mm/min
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Rotation speed of tool pin at 1,200 rpm

120 mm/min 160 mm/min

Rotation speed of tool pin at 1,500 rpm

Figure 2. The welding surface in semi-solid state joining.

5.2 Macro structure examine

120 mm/min 160 mm/min

Figure 3. Macro structure examine from semi-solid state joining.

The test of macro structure of semi-solid welding (Figure 3) with digital camera in
macro level, spongy trail was found that the top area of welding in every variables because
the air was combined in welding and CO, covering gas cannot protect the air at the

carburizing flame side. The spongy trails were occurred mostly at the rotation speed of
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pin tool at 1,500 rpm and the welding speed at 120 mm/min (Alvani SMJ,, et al. 2010).
This is because the accumulated heat in welding line made metal into plastic condition
and in this circumstance, CO, gas are not much got accessed into the welding line as well
as the speed of pin tool stirring was circumfluence and firmly joint (Maamar HAKEM.,, et al.
2012). However, at the rotation speed of tool pin at 1,200 rpm, the welding speed was
160 mm / min. There was no porosity in the weld. This is the best variant in this
connection.
5.3 Micro structure examine

Micro structure SSM 5083 in the base metal (Figure 4) which scale from
50 micron picture, it was the structure from semi-solid casting with GISS technique.
It consisted of spheroidal grain (white round) as aluminum phase (Q) and eutectic phase
consisted of aluminum phase combined with aluminum phase and magnesium phase

(back and white).

[ .1" \/ "‘." '. . :‘g
l R ‘v"i N 1. ,
Q \ a ’ ﬁl‘$ \
\ A «r‘« At A ~ [
i P4 ?f P LRSS Aluminum phase
. 3% 3 _ i
o3 Eutectic phase

Figure 4. Micro structure SSM 5083 in the base metal.

The micro structure was examined with light microscope (Figure 5). From the
examine, it was found that in the rotation speed of tool pin at 1,200 rpm of both welding
speed had the spheroidal structure that similar to its former metal. Moreover, at the
welding speed of 160 mm/min, spheroidal structure and the dispersing of grain was
steadier that at the welding speed at 120 mm/min, as it got the appropriated flame with
the welding line in the semi-solid condition and this made the plastic structure was
definitely dispersion (Huibin, Xu. et al., 2012). Nonetheless, in the rotation speed of tool
pin at 1,500 rpm, it was found that in both welding speed have got the dendrite structure
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which occurred from the changing of spheroidal structure from heat in welding line of high

rotation speed (Alvani SMJ,, et al. 2010).

120 mm/min 160 mm/min

TGN

v

Figure 5. Micro structure from semi-solid state joining.
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