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v '
o o a P
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ABSTRACT

Biodiesel production from high free fatty acid mixed crude palm oil need to reduce for free
fatty acid less than 2 mgKOH/g. It causes to appear saponification process to make low purity product.
This research to apply a microwave irradiation and static mixer for reducing of free fatty acid in mixed
crude palm oil by esterification process. The purpose was decrease the reaction time and free fatty
acid less than 2 mgKOH/g. From the experiments fed raw materials for circulating into 5 m static mixer
and 450 W microwave irradiation and used sulfuric acid 4 % vol., methanol 15, 20, 25, and 30 % vol.,
respectively. The result indicated that the optimal condition for this research was using methanol
30 %vol. which reacted for 9 min. It was able to decrease free fatty acid from 30.5 mgkOH/¢g to 1.93
mgKOH/g (5.D.= 0.02). The compositions of esterified oil such as mono-glyceride, di-glyceride, and tri-
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glyceride was similar to reduce free fatty acid in mixed crude palm oil using static mixer, but the reaction

time was short time.

Keyword: Mixed Crude Palm Oil, Microwave Irradiation, Static Mixer.
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N[ BV

JUT 3 gunsnlveamsesannsaludiudasslutiu
Udufuiiusiy

™ = = ' M -]
- : I
j L [ 1]
T1
sM

|\1 PI

JUN 4 Famsvianuveaniesannsaludiudasely

16 rlI?

PrsfudduRuiusId
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3.4 msanszvianuiiunse

Fregransuiiiunsannsalutudassndsan
Sravmnuaverndsludousietiunga azinld
Ansizrmaanudunsnneisues The American
Oil Chemists’ Society Official Method Cd 3a-63 for
Acid Value [13] feaunisi (1)

AV = ml x0.1x56.1 1)

9

dlo AV = amnudunse (mekOH/e)
= USuauansazanefild (ml)
¢ = WmindduaIoga (g)

3.5 M5imsIevieertsenaulniiliusaess TLC-
FID

Fret19u1Tuiideantsulusiasiyiu
psAUsEnouUdomalia TLC/FID 9sdednasetinfou
dedou ilefdndsvuiouiindoagludiify
Wosnmniidsluiouazdasenisuenans iy
Afis1uldn1alAdouIINNanITNAABIAST N3
Jipszriesusznavluthsiudemedia TLC/FID Tng
T4ip303 IATRON-CAN MK-65 waz Chromarod Type
S-Il Quartz (Mishubishi Kagahu latron., Japan)

4. AUTYNANITNABDY

4.1 wanrsannsalviudaselneldnaululasian
uagvioNaUKYUARH

nsvnaeannsalududasylutsiuduiuiiy
sudedoulanmameassiiuansisiu Usinginis
WuUSinaumueaiigatuagtasliufizoneames
FaduiAntuldanysaiifitu fwandugud 5 oy
diuldin nsvaaedlaglduniuea 15 %vol. ievi
UfAzeruly 18 wil anwnsoannsaludiudaszann
30.5 mgkOH/g (o 3.54 mgkOH/g (S.D.= 0.03)
dlefinUsinaumiusatntunuin a1unsaannse
losfudassldnsdu Tnon1sldusunanuniuea
30 %vol. @ru1snannsalududaszann 30.5
mgKOH/g W&o 1.57 mgkOH/g (S.0.= 0.02) s
Wuldarunguijde MaLfialvIuea fiunnimng
‘1/16]‘1?&3;] 100 Wesidus azvilisnsinisinufizenss
Julay walmwawu [14] eghslsAimunisannsalaiu
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dasylimdeluiiu 2 mekOH/g Aileanaudrdnsy
ilundnluledwalutuneunsueamessiaty
Fafuiiieanszeginanlunisiiufasenieuled
wuzilgas nslduTunanuniuea 30 %vol. ¥
UiATen 9 uit Fsanunsnannsaluiudaszaunde
1.93 mgKOH/g (S.D.= 0.02)

7.00

= = =15 %vol.

6.00

20 %vol.

5.00 L N\ — 40— - 25 %vol.

—&— 30 %vol.
400 %

3.00 - N

Araudunsa (mgkOH/g)

200

1.00

0.00
3 6 9 12 15 18

1281 (i)
U7 5 aenudunsaveanhduuiduiulaeldniu
Lulasiinuasviewauwuuatn

4.2 gaisuvFveaiiuiinisaansaldudasy

INMTIATIERRIAUTENDUTE IWsTUU SR
Fusnd3suiisuiuintuiitnunisannselosudass
Fam151991 1 nuansaannsalusiudassiaetiies
0.818 %wt. Wlaiflaufusuddeans K. Somnuk et
al, 18] Igvinisannselusiudassludhdudnduiuiiy
srulagldvienanuuuaialieg19tien Wuin
pafUsEnouveitufii unsannsalalinaz s
nsalatiudasy lnsndweslsa landweslsa lalund
Wwaslsa wazloanes daldAeeiu unilsyeziiaily
nsuaseuanseiuuin lnen1sannsaluiu
sassluisfulduiulngldvienauuuuainegnaion
a9 UfAzen 50 uif lusmsfiauided 14
szpzaniios 9 Wil asdiulginsihedulilason
ulgnsgdulisenvsdisansseziianlunism
UfAseetaiuledn

o A

A1319% 1 AruautAtnduUdufuiusukasiidui
HIUNsannse busiudasy

AnANUR ity | viewaw | viewaw
U1dn | wovade | wuuade
fiu (8] AU

Talasian
Free fatty acid | 7.272 0.868 0.818
(%wt.)
Triglyceride 86.830 | 80.126 79.906
(%wt.)
Diglyceride 4.315 8.459 8.601
(%wt.)
Monoglyceride | 1.582 1.439 5.286
(%wt.)
Ester (%wt.) 0.000 9.877 8.201

5. @yl

n1suszyndldgunsalnseduuisensiunu
senievionaunuvadnuazaaululasian Tu
nszurunsannsalusudaseludfuliduiuiiusay
Usngimanisnaasudulunuingussasiaunsa
aguléioai

1. aelddeuleldusunauniuea 30 %vol,
nsadaisn 4 %vol. vinUAseruIu 9 U1l @1u1sa
anensaluiudasylivdedsindt 2 mekOH/g Tnefi
p3rUsENoUYadlnTnales landweslse waslulund
waslsa lnalAgeiunslovenauuuvainiesedns
e

2. msldadululasinsusurienauwuuadnly
nsvuaunsannsalusiudassludfuudupuiusa
aunsnanszeialun1siiufisenasnuideiiss 9
Wit luvagfinisannsalusudasslutfuliduiu
Ingldvonaunuuatinagiufesldiiaiugisenuu
50 w1 [8]

a a

6. naRnIINUIENIA

Aidelasveveunn Inerdusngl unine1dy
wieluladsvasnandide Alvianuouyaszsianud
gUnsal waginiosilenneg aduayuiuide uas
th@nwiaivinaluladiedesdnsnainuas loun
WgUguns wiauia wazuedsened asuiu Al

ANUYIBEDlUASYIIde AT
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unAnge

unarwiiausmstmssuuianandsdmsuutssnwlumssiiunuresdouued
wianils Tnegadfuiinisufudsisnsdedouasitnisniuauuiinudisesnds ssinnansvaedulid
UsrAvsnmnntu Tufuiuléimafianslieneiuuuedd iledndduauddgesianasdmuyadinig
T uazUszanumsUimalfnuiogldilfAnnismauaay nduisdadasmsauauianUssnmans
deAuMNATIWLNALTBILAAENuAETE 1) sruUTaunadsdonsdl 2) stuugngedn — dan uay 3) 14
unutenthgwesasunlumsiansan Mnduiviinisadeununisdsdomanaodunumianingg Lield
uase msuFuupsanasaanilapmnansvasauliifiomeldifeiosar 88.99 ansaanyarandeii1zInends

161 65,853 U Anduesay 11.19 vesyarnsldnuasnasiused
AEARY: A1TUDRU NMIAIUANTERAIAGT YInSauazaUnsalvunegaum

ABSTRACT

This article presents the development of the maintenance, repair & operating supplies
(MRO) inventory system for the operation of an international portyard. Steps in the improvements
focused on setting up suitable ordering and controlling methods to work as an integrated inventory
approach. Firstly, ABC classification technique was used to prioritize 3 groups of lubricants according
to their annual-usage levels. Subsequently, three controlling methods as 1) periodic review system, 2)
Min-Max system and 3) a maintenance plan were considerd in setting a buying plan for the different
groups. Finally, purchasing and controlling plans were released for the real operation of the sample
port. The proposed approach results in the reduction of shortage in lubricants by 88.99%, and the
reduction of the MRO inventory cost of 65,853 bahts, which implied 11.19% of annual usage value.

Keywords: Lubricant, Inventory Control, Port Facilities and Cargo Handling Equipment Maintenance



1. umid

Tutagdu gsfavwiisuisevudiggauniigs

v
v

Wiulnagranniitensiiuinisvuaegauadu-as

v
o a

WousInngauAsEniteUseina wieunsuinig

L4

JaiuuazdweugauAag19ATUINRIAIgUN Tl

£%

SrunEANAZAINTIaINTaNY L9u %ﬁuaﬂﬁ?{um
w191 59810 wavindesilovudedagg fadl
HUIENOUNITILABIAINUITONDUAUBIAIINADINIS
yosgnAlagyhnsaseugaufnssmunaniiivue
nsteunsigunsaiaziaiesdnstreiuisiiany
8w wazdasdiszuunisungesnyndaleedu
(Preventive Maintenance) ag19gnsios laddnazilu
nsgualUAsudneansvdedu Wy dnifuades 1sed
wavintulensedn nienisuasutudiuezlnai
Feuan maanaan
UWﬂ?WNﬁﬁWﬂWiﬁﬂH?ﬁ@%?Lﬁ&l’.}ﬁ‘Ui%‘U‘Uﬂ’]i
AuANEnAAIdmTunuUIRS Ny IvewLTiguiTe
yudeFauA NG agldlazasinisldomens
vaeauFainsldnudusauinn wagldiduuses
ynfu mndeyaidesiunyinfiansvdeduvansuiini
Taiganesonslgu uazdmuinlddnisimsigi
WAk uNIsIF e sinfiansanluuaunis
thysnwdae duiesnduiidosuszgndndnnis
YOINITUIUITHaARAIATINUIATO U U159
(Maintenance Repair & Operating Supplies, MRO)
TnglinnudrAydunisdamiianmsnaelssinmans
‘wa'aﬁuﬁiﬁagﬂuizﬁuﬁmmiam#’fmmﬂmwaa&i'm
aslnane Tuvaridununsiamuazdaiuilias
wnniAuly Fsluuiund wadansdautanguiuding
A&ad (Inventory Classification) [1, 2] waginailanis
U3MsN3dsTeuuUTeunaIdgondi WUUYAEIEA
fan WUUMSEITeusned [2] aunsatanldau
Ffudunszuiunisniuaudufneas (integrated
Inventory Approach) d1%15UN15USMTAGINER VD S

sruuganUngella
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Tumsduiumsldfasaniaussinnansvaeau
379U 13 518015 wagd1u13ATIeRkuIngy
MUFFUANNAIARY UAEAIMUATENIIAIUANYIHIN
msdamuazdafuifieaiiaununisdeiimangan 7
A40AAA eI UNITITIIUAILTOULIAIVDITEUUNIT
U1339nwn danalvarunsaanailddnelunsg

Usainwiaganinsna i dun1snuLRuin 33w

2. nQEfuazauideningdes

a

2171554m51¢9u vy ABC Junuldanla

o [

AnudAyAvauAInunguduAlagn1sInaIny

v '
a 1% o

AUAINIUYDAVIYNIDAIULUINbSUVBIFUAIUUT
duArndeglundu A avUsenaumedudniieslin

v

Uszinnnseflsnuiusionisuesuwnduduaiyil
ganuenIeduuiiilsuiniign drududiid
penvensednadiunanilssesasluazlasuanudfy
Hovandu B uay C auasu

N1581579911358 [3, 4] wanslimdiulsyansnaw
Yaan13dansaumasadawuungs nenisldinaia
NFIATIERLUY ABC Litednnguiaglundaves
Tssnudimanazlssunests deinldaiuise
Uszendldmadianismvaudiduusaznguladu
anuseq U

2.2 mswgnsal (Forecasting)

Tusfadotdnlausianizn1snensalLuuLen
dquusznau (Decomposition Method) Fadhuizns
Ainsgnniunsuenudazdiulszneuvedeynsy
nateenaniu Fwhlinsuidnvaznsedeuln
Y930UNTUIAY TugUwuuvewilly gania wsedy
$ns Feanunsailuadssnuunensaleluld (5,
6] segnagy Tu [7] Fudun1simsziaudesnis
THinilunuinuasnssuifanuiuulsauggnia
wonanvu Fanuilusunsuidy Minitab &
Besunesensaiadeyauarnisiieseideisng

wenduUsTNaUAIY (8]
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nsnensallagIinisuendiuysenaulisunuuus
Aenl4l 2 sUuuUde
sULUUTIUIN (Additive model)
Y=T+S+C+I (0
sUwuusam (Multiplicative model)

Y=T xSxC xI 2)

Y = AMNeINIivennnsnl

I a a

T
S= 1BVBNAVBIANA
C=end

= ANBNENAVDIIYINT

[ = Advsnaveanansallaiung

2.3 T5mavAuiiannina

2.3.1 izUUiaunmgﬁamﬁ (Fixed-Time Period
Systems: P-systems) szuuilazAivunszeziaan
ddeiuvueu wagldusinansdde Q) uiazadilsl
wirdulastuegfuuiuuasedafivioegumsiu

sruviliinisfwesaiuauey 2 9 Ae sveELIal

2
o A

d99e (7) uagszAuAIARIgedn (Maximum level of
inventory : ) @ansanmlansaunis (3)
S = Dyryr + koyryr (3)

Ined

Dypsr = ﬂ'%mmmmﬁaqmiﬁaqiﬂaLaf?ia’lu
FraaniuarsvesadTe

Ourar = ANDBLUUINATTINTBIALFBINTIY
FaaaniuarsvesadTe

k = safty factor wilefnunseaunisliuinis

(service level) UpIMRIAUAN

2.3.2 35UUNGIgn ~ &7‘;75;@ (Min - Max) szuuil
aziinisdstedaidlowanandsdiviinmanannigg
Aan (Min) waragsiinsdadeidunauiasedy
AUANEean (Max) Tnsflszesinandstolaildtmun
wavzinungagsmnglunisiiuianesluauiugn

(Stockage Objective) M uUl8UIBVDILAALTUT YY)

WU 2 WABU 1190 3 LAY @11150AIUI Min — Max
loga (4) waz (6)

Min= (D x LT) + ss (4)
ss = zog\LT (5)
Max = D X Stockage objective (6)

Tnedi

D = $asnslfiadevesiagdeieou

LT= 611"NL’Ja’lﬁﬂUﬂﬁgﬁsﬁlaﬁﬁQL%’lM’l

ss = szAudInuNanAIRaIEITeq

Z = AANUWAIUNANINTFIU

Og = ﬂ'ﬁLﬁmLuummgmmaqmméfaqma

Stockage objective = szpzaifoinslid
itagogluads (2iiou v3o 3 WWou Tuegiinay
ABINTVRINNUTEN) N1slEnUIBnsAIUAUTENAS
ASILUUTOULAA aunsafnwsisaziSenlaly
[2, 9] LAz@1NITAANYINITITINIUSINAUVDINT
ATITRWUU ABC r"fﬁ%ﬂﬁmwuﬂ’a@mﬂﬁqﬁnam
wUUL19AUTU [9, 10] kasuITLAIBE19ANSUTTUY

avlvansonuiizsihuwilu (11, 12]

3. 52iiguIoN15Ie
WioliszuutigsinwvewinFefegisaiunsn
nsghldeenadiuszansain Fefluuannudndiliinng
Tumeafianieg Faiausluidern 2 saufu Tu
SULUUIBI NT¥UIUNTTLTI57U (Integrated
Inventory Approach) $1azaenadeslufuulauns
LLaxLLNumwuaﬁsuuﬂﬁﬁﬂmﬁiﬁffqmagﬂ,uﬁﬁ]ﬁ;ﬁu

o
[N

Feifu suitedesmundunounaznisusegndld
wiadiadu 3 szey foil

3.1 A msanyeusnUa TUREUN YN

Tnsfudeyaideuium sislusuuuudoyatgy
Dluazdayanieil 1ngudeyandaianveuNun
IMINTIU ANYINIAT HOUNTNYIAY 2560 DaLhBY
demAy 2562 uaglonansenuduitosiunis
Fansadsansndedu Usznoudiedoyaviinuosans

naeaUIINIY 13 518015 Toya 1A USHiuady



10

fosnsvesaandeduniazeia samfeiuneunay
srggianlun1sdann wazdmuavauluanasly
Foyaliifiinds 6 ieuiielinseunqusauIaves
NUUFhW

3.2 MIARTIZYMENATANINIAINTIY

3.2.1 99819 UA N1 VeNTanAIAAIA ELNATIA
n159AUYNGU (Inventory Classification) UUun I3
WmTIeMe T (ABC Analysis) Inefiansanyadinisles
asvdoAuTavan WoszyanudAyvesansdedu
wiazUszian wasimuaulevienmsudanguu nqu
A - 80% ddnysiasruuingain®egewin nqu B -
15% uazngy C dnsldnuduaiingn Anfisedy
5% vesyammsldnuasudoduimn

3.2.2 wensalpamdenslinuaIsvaeay ved
ngu Adagisnisweginsaluvvuenaiu
(Decomposition Method) Tagia151AM UL
WAZHANIATINAIY waiitenstmuaseiumslinu
wazaauleviensiamiaglianuddyseiug
fundu A ludumeusioly

NSAATILAUUINGY Uagn1TneInsal andunis
TulUsunsumouiiames Microsoft Excel hae
Minitab iilelsusemsegsamnsasuiunisldais
wazldauldognaoiiles

3.3 nIsmavRuiAgTaN 3 aveINgUATSYADAY

AUAulgUIgNITIANILATATUANATUF AU
anuddyvesngy Tne arsvaeaungy A THuloune
mm’m@uﬁﬁmm LUUTEUNANTon Tl (Fixed-
Time Period Systems, (T, S)) Imwmmuﬂsziauﬂm
fnunszaun1sliu3nas Service level 80% 1Tuen
Budiu arsuasdungy B lHulsuisnisaiuauuuy
Und Tnoldszuugngsan - fan (Min - Max) waz

arsvaedungu C ldulvungrouaaiy wanly
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azantunsuoRauase Inaivualndunsdsde
WHNBA (Lot for Lot) AMUTOULIAIVDILNUNITHON
Unganlanmuall nsA1aunsimesaneg veq

Yleungdantiaziandbuitanabu

4. NaN133Y

4.1 Joysvosianuinarsvaodu

sruUgaNUNJIvessoRleg1aldNanUssLam
ansvaodudiuu 13 19m13 lneddeyadiferdes
eldsyesiian 6 Wouadn e WouliuAy 2562
fafeudanen 2562 fansedl 1

4.2 wan7sIAnguianuuY ABC

N13IATIERANNdAveINanYeNUTIUTEAN
asvaodunumloueidmunluite 3.2.1 Tina
Fasioludl Wamlundu A - 80% fyadnisldeusa
1,798,206 U nseAalusonay 77 vosyadas
naeAutanue uLazlisiuiuarsvdedusianua 4
518013 Waqlungu B dyaAnisidausiu 396,526
v wieAnduseuay 17 manaﬂammwéa?{uﬁu’wm
wagdrusensansvdeduiomn 3 9ems Wag
Tungu C fyarinisldausiu 139,828 vm veAn
Hufovar 6 vesyadasvdeduiavunuaziisiuu
SeMIANIABAY 6 516M13

nsldauansudeduvesinFe S1uau 13 9183
fyaAn1sldausiu 2,334,560 v lagludagdu

o o '

dwmsunnsensansvaeiuasilszeziianitlung

o

dete 30 Tu uardewayNTaULIAT 30 TU HANIIA

o

ﬂejuLLaxam‘i’mmaqmwa'aﬁuﬁmmLLaqumiNﬁ

2 Laysun 1

Y
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A3 1 nan1sfiuTiuTindeyavesansviaedu

107/
. . Weig) Usuna
379019 % %2 . .
) AwwRe | n1sldeu
ENGINE OIL Liter 70.0 1,641 12,831
HYDRAULIC OIL(Agri Trans Plus 80W ) Liter 78.0 750 5,350
SPHEEROL (EPL2) Kilogram 105.5 233 2,327
TRANSMITION OIL & HYDRAULIC OIL (ATF Dex II) Liter 82.0 906 2,893
HYDRAULIC OIL (Hyspin AWS 68) Liter 56.0 760 3,750
TRANSMISTION OIL (CRB 30CF) Liter 70.0 357 1,545
DIFFERENTIAL OIL (Axle GL-5 140W) Liter 76.0 668 1,031
TRANSMITION OIL  (ATF Dex IlI) Liter 82.6 297 680
HYDRAULIC OIL (ALPHA SP 320) Liter 75.3 600 600
MOLY GREASE Kilogram 205.3 0 87
GREASE BEARING Kilogram 171.0 0 90
MANUAL 80W 90 (GL-4) Liter 72.0 392 48
SPHEEROL (EPL3) Kilogram 110.9 90 15
151971 2 wansdndduian
gy UIUTIENITNED %’aaazmmgamﬁ"qwm yad (um)

A 4 (579n157 1-4) 77 1,798,206

B 3 (3990797 5-7) 17 396,526

C 6 (51857 8-13) 6 139,828

374 13 100 2,334,560

mB

gﬂﬁ 1 UHUNNNANTIANAUNEARUY ABC
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4.3 n1sngNIainIINABINITIFII

THmatianisneinsaluuvuwendliulsznou
(Decomposition Method) W5 o3 W 91500 1A
wnliunazanggma Lileszyanudesnsliansvde
dundu A $1uau 4 $19m13 ieuszlemilunisiiei
NyINTAUUMR LA A ruauleuslunITAuAY
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Fudeuiinarstunou waziiialiunannuidudiu
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azfunsuansneazdeanisnensalludil

Foyafiinumensallunisldaudud Wou
NINHIAN 2560 DUABUFINIAL 2562 WALAN
wensalswagiunldduiuaiuulsuienis
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Tushadio 4.2 m131971 2 Ao N A ndal B uay nga C
wagAmuaIsn1sAvAuatnuleutsly 3.3 agle
FBnseunuianasedarinasvdoduusiazngu i
A3 4
A9819MIAUIUTTAUAIATIFIFATDIATVAD
Au ENGINE OIL
AIATNIINTN5HN99 INTayananAsnddly
Wt 4.1 Arelusunsu Microsoft Excel wazlana
il %@gaﬂwLﬁﬁ'ﬂumiﬁ’m’;mﬂuﬁnﬁ
D =1,992.2 dn3/sfiou
o =306.7 dn3
LT = 1 wiou
T = 0.67 wfiou (20 1)
k=08t317n®175179 unit normal
distribution lag (Plx < k] = 0.80) FauanwnusEAY

A5AUSANS (Service level) inandadu 80%
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MTNN 3 AINISNEINTVRIANTVIERAUNGY A

P 4 59ms  leglsuendiulszney 0
TUsunsu Minitab
Awensal (Ans)
TRANSMITI
HYDRAULIC
o ON OIL &
tABU  ENGINE  OIL (Agri  SPHEEROL
HYDRAULIC
OIL Trans Plus (EPL2)
OIL (ATF
80W )
Dex 1)
ne. 62 2,023.7 4155 4445 369.2
n.A62 20715 819.6 4379 297.7
W62 22921  1,523.0 5182 420.7
5A62 13306 986.9  131.0 12.7
WA63  1,877.7 7290  465.7 269.9
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WY 63 1,749.2 2342 2022 542.6
WA 63  2,090.2 684.8 4977 146.7
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nA63 24230 680.9  462.6 4355
an63 22045 7164  563.0 2239
AVERAGE  1,992.2 7833 4104 2795
STD. 306.7 4833  128.8 166.8
TOTAL 239063  9,399.4 49249 33539
MAPE 9.5 64.0 14.4 46.2
MAD 193.3 399.0 45.6 140.7
MSD 76,7728 2926910 6,247.0 50,118.4
M13199 4 TBNIAIUANIER
n&u ABNIAIUANNEN

SYUUTOULIANFIZDAIN Fixed-Time

a

A | Period Systems, (T, S) fisgdu service

level 80%

B | ssuuU3ngedn — siga (Min - Max)

#99auAnon (Lot for Lot) @1usauLIan
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AINEINTAIAINADINT (D) NIAITUIUAITZAU
AYAE g3da (Maximum inventory level, S) R
a0 leaNnaunsi (6) S = Dupar + koyrer
Idu

LT + T = 1+0.67 = 1.67 oy

Dyrsr = 1,992.2 805/1R0U x1.67 LADU
= 3,326.9 &n5

Oprer = 306.7 A03/1A0U x1.67 LADU
= 512.2 809

koyrir = 0.84 x 512.2 = 430.3 803

FEAUAIATIZIAR (Maximum level of inventory:
S) AszAunsiiuinig 80% lellu

S =233269 + 430.3 = 3,758 @05
fan1sAIAlLIENSREINUNUAIBE19 ALVinld
IisgRuiananaiasan S vesanmvasiulungy A A

WEAILUMIS19N 5

M5N 5 SEAUAIAGIEIARvRITERNGY A

. FLAUAIAEGIGIEA
FUNIINER v
()
ENGINE OIL 3,758 &ns
HYDRAULIC OIL
(Agri Trans Plus 80W ) 1,763 8013

SPHEEROL (EPL2) 865 Alansy

TRANSMITION OIL &

HYDRAULIC OIL (ATF Dex II) 701 8915

4.4.2 38nsmavnuuasuniavesiaavaiT1ze
UssLavanIvaeaungs B

F198719N15A1UINTEAU Min — Max V038151180
&u HYDRAULIC OIL (Hyspin AWS 68)

AINAINIITWNTH19 InToyaianAAFa

melusunsu Microsoft Excel Tnglitayaint fie
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D = 625 an3/\fou

LT = 1 \pou

Z =208t 317A0/M1517% unit normal
distribution lag (Plx < z] = 0.80) Fauanwnusza
msliu3nIs (Service level) fimawTadiu 80%

Oq = 327 an3/\hou

A Eusiionulasn e (SS) Ingaunisi
%
S5 =(0.88) x (327) x V1 = 274.7 ans

WI51TL093 Min-Max ¥095zuvansaaIuIule
PNauNSi (7) uag (9) BRI GH TR PRI g T
stockage objective Junan 3 heu

Min = (625 x 1) + 274.7 = 900 &n5
Max = (625 x 3) = 1,875 8013

fansAuIaluISAsIReINUNUABE19 A8Vl
lfsgAU Min waz Max vesarsuaedulungy B A4

LERILUAIS19N 6

4.4.3 FMsmIvnuLAs UL TR TaT I
Ussanansvaaaungs C

ansnaeaungy C o 6 Mensdadinsldau
Usuailey Jsladulovigiounans TneA1nunnig
&a¥ousnad (Lot for Lot) AUTOULIATVOIRALANS
sziamﬂﬁqqﬁléfﬁmuﬂﬁ wHungouU1sduiinuas
ﬁwuumﬂ?mmmwda?%uﬁéfaﬂ%’@ﬂumﬁﬁﬁqﬁﬂ‘m
sondsdmivudargunsnivumie (seyiluiedive
gunsal) wazsvualiinisiileiiiedisesdn 10%
y99USuudde uarviuuuTufinUsunansidde
admwausazintesdnsiitennuaranluniseuan
LLaxaqﬂmﬁé’qs?Jya HANIIMRUAUSUIUANULEUNTS

FauUnganandlunnsan 7
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A5 6 NITADTVBITFUUAIUANKUUAER - 89an (Min - Max) dvsudumasndangy B

. AU ,
FIENITWEN - SS Min Max | wi7e
UsN13
HYDRAULIC OIL (Hyspin AWS 68) 80% | 2754 | 9004 | 1,875 | &3
TRANSMISTION OIL (CRB 30CF) 0% | 141.9 399.5 7725 | @n%
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oy
o

M50 7 asunisdsdevesianansvaeiulungy C Feduiusiuununisungsshuildauey
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QC RTG TV ISUZU

TRANSMISSION OIL (ATF Dex Ill) 20
MANUAL 80W 90 (GL-4) 8
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SPHEEROL (epl3) 5
MOLY GREASE 5 5
GREASE BEARING 15 15

4.5 ﬂmn75ﬁwu7isuuid§azéazn75@31/@1/1475@
F15va0AY

ixuué"a%aLLaxmuauﬁaamwdaﬁuﬁm%’mm
tr3a¥nuriiWauty eguuilugiuresuuidn
ATV OUSSAUAAIART (Integrated
Inventory Approach) @¢l#38n158nutsngusaniv
WlgUIENITATUANFUAIAIATY kaETTeRI0E1
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NAABUTLUY NNUINAINISOANTIUIUNTVINENTHAD
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917151991 9 %’aaaxmasiwnmﬂ?mmﬁa@mﬁ
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AnTuseninanisnageuszuy teAldaeUsiiud
522,525 U dasteiSsuiisuiualdanedilatuiin
PInaunIsWaluISEUU 588,378 U ¢ liAINAANg
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(Min)
ENGINE OIL 3,758
Fixed-Time
HYDRAULIC OIL (Agri Trans Plus) 1,763
Period Systems,
SPHEEROL (EPL2) A ( ) 80% 865 - 20
T,S
TRANSMITTION OIL & HYDRAULIC OIL
701
(ATF Dex II)
HYDRAULIC OIL (Hyspin AWS 68) 1,875 900
Min - Max on Min
TRANSMISTION OIL (CRB 30CF) B 80% 772 399
level
DIFFERENTIAL OIL (Axle GL-5 140W) 515 285
TRANSMITION OIL (ATF Dex Ill)
HYDRAULIC OIL i L
FITOMIUTOUIAVDAHUNSTRNUNFIN LA
(ALPHA SP 320) N ’
fnuald
MOLY GREASE C Lot for Lot - P
way LuUSuad15e9 10%
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YBIUIUUFIDD
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SPHEEROL (EPL3)

A1397 9 MsrsUTeuiisuUiinaagneulagndsulse annsveaedldszuuatuauiiaudulngddu

Va0 2 Wieu (wansdayarissunsdiuianansaduiinlaludimeass)
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TRANSMITTION OIL & HYDRAULIC OIL (ATF Dex II) 120 - 120
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nsguunsaanatadnldvunzauey 8 Jady NuALNIIAaa Nl ey (Screening experiment) Tagn1s
NAaewuY 2% Fractional Factorial iafansesiladefifidninasetymiusznieiu wuindl ¢ Jade i
dvswanandetymiUszn1uiduAe Injection Pressure, Clamping force, Nozzle Temperature g Injection
Speed 2ntuldiunaiaiufiinansy (Response Surface Methodology) Tneldununisnaasuuudiunay
a9 (Central Composite Design) 113tAs1esinaRLUsABUANDY wiolildseduatvesladofivunza
Response Optimization Wu315zduA1vesadedifiidnsnadedyniusenioduiimuizauiie injection
Pressure 97 Mpa, Clamping force 111U 240 Ton, Nozzle Temperature 11U 237 °C, Wa¥ Injection
Speed 30 mm/sec nafildannnsisemsususaimninesisysuawastlaseimnsay wuidnaiuves
Feduuilygmusymeduvesdunu 1220402 anasa1niiy 33748 ppm 18yl 6778 ppm LALVINAAITRN

ndndruvetdeaiolnesinvesdunulndiionun anaseIniiy 8947 ppm w1egn 2320 ppm Wuldaiy

Wnunevesusennsaldnenivuslifedadiuvesdsndslnesinlunisnanduanulndimusdaaissnin

3000 ppm
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Abstract

This research aimed to reduce the proportion of defect from plastic injection molding
process for new part production by using Design of Experimental and applying Quality Control Tools.
According to historical data, the proportion of defect was 8,947 ppm, exceeding the company target
of 3,000 ppm. The research started with finding problems in the production process using QC Tools. It
was found that the silver streak was the highest number of defects, 95.70 % of all defects. And the
problem analysis, it was found that the main cause of the problem was the inappropriate parameter
settings consisting of 8 factors in the plastic injection molding process. The design of experimental
technique by 2% Fractional Factorial was then applied in screening experiment to find out the main
factors affecting the silver streaks. It was found that there were 4 factors including injection pressure,
clamping force, nozzle temperature, and injection speed. The Response Surface Methodology
technique by Central Composite Design was then applied for analyzing the response optimization. It
was found that suitable parameters included the injection pressure of 97 Mpa, the clamping force of
240 tons, the nozzle temperature of 237 °C, and the injection speed at 30 mm/sec. The research
result showed that the applied optimal parameters could reduce the silver streak defects of the part
number 1220402 from 33,748 ppm to 6,778 ppm. Moreover, the overall average defect proportions of
new part production decreased from 8,947 ppm to 2,320 ppm that were 74.06% of all defects. This

achieved the company target which aimed to have less than 3,000 ppm defects.

Keywords: Defect reducing, Design of Experimental, Injection molding process.
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n13nsEUIUAISKUSIUNANEAn lagnseulunisia
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New Part Defects data by PPM
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e fA(Material
N

z UMW
<—— ANUFU fl

& o
MINUVINYT ——D

HIIRUMTRA

AU IAU/A18a /‘ﬁ\%

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

Avostladefimnzaniianisfiansuldmaiaiuia
nanau (RSM) 1agltuHun1SNAaLUUdIUNELNaNd
(CCD) WionszvinasuUsnovauss wielnldsziu
Arvpsdadefimutzauiiga (Response
Optimization) lun15UudeAIn1s1dimes veq
nszvIuns@anatadin Tunisunlatdgmiusznetu
Taglglusunsy Minitab ¥28luni1simsizinas
Uszanananiedda 91n3annsianuaiinanuity

N o

Ustlewtianinfiaglésuanniside Aevitlvimsuds
Hadefidmasetlymusznmeiu seduamnnines
fumngan uazgannsnandnainveadsliduluny
WnnneaunmueIusEnnstifined wazaiunsald

Junumslunisusladamdug sely

Inj.Parameter

P
LUWUNW

Sugunnd

Quul
ouen R . NISHABNIMAIVDINAIAAN
FUAVDIIER > usallawiiuw  usedudeundu v
. ANUIGTINTRA
gunninielu anuiu Suck Back Dist.
<
MuUANuGE
= L o. v
MIATYNIT AMuszez/Aumua '\ .
ANULTIVOIANG ﬂ@ﬁ]
M alszmeidu
Air venting 01gm 3 1Fanu ogms i g/
; o . ANUAINITD
ASOBRNLLUL ANUNBINTI —> NNHL/ANUTIUIY —D
Usz@nsnIn——>, Usg@nsnn le——— szaumsal
o
MU (Gate)  fe  mgiiFeunoumsnan P -
— VUIA/FU A —D) .
msihigeinen /e msthyesnm nsnaunu

a2
LUWUN

D

P3N 2 UARIANUANRUSTENT AR LaTNE

& o
IATONINT

WwieIawnvesdyusenieiRuy

WUNIIUATIVA DU

Fuau Feans Gldenviy Inewmeadnn1sseauduas (Brainstorming) ket
d1nu nguvesdade = - %
EN_MO| EN_PD|EN_QC DS|SV_PD| MAT| MOL INJIMG_EN|MG_PD|90 Aztuy

1 |psusudedmnsiimes 7 9 9 9 9 7 7 9 9 9 84| 93.33)
2 |winsuesivaeu 7 8 9 7 7 7 7 9 9 7 77| 85.56
3 |udANABanaEin 7 7 7 7 5 5 7 5 5 5 60| 66.67
4 |imgfu (wanedn) 5 7 5 5 7 5 5 5 5 5 54| 60.00
5 |w3esdns

“pdesoudinnanadin 3 5 5 5 5 7 3 5 5 5 48| 53.33

“Aesdananadin 3 5 5 3 3 3 3 3 3 5 36| 40.00
6 |anmzuInaou 1 3 3 1 3 3 1 3 1 3 22| 24.4a

nannURAITiRzIUY: 9 azuuudwralagnsaiollynn 100% 7azuuudialaensanelyn 80%

Tnunswiatam 40% waz 1 avwuudwalaensimotam <20%

Sazuuudmalagnsi ol 60% 3 azuuudna



MFANFIAINTTUAERNS LININPIFBATUASUNTI SR

UM 15 aUU?l 3 1heu AULNEU — SWINAN W.A. 2563

21

AN 3 NMSAMEBNUITLUNTIAINSTUNITODNLUULNUNITNAABIUDIAY

wasnnesade
. M
o o o AN
anu Jade / Awsdilees a1s AMsulUdasei
270 . .
| swon [nmwmaaeadessiu
A
AIUAR
1 |gamgiinsyuenia (Barrel Temp) g | lag Laiven
2 |gamaiudiiun (Mold Temp) Hl H \Hen
3 |eumgiiviada (Nozzle Temperature) i Y \don
4 |szezdnang (Metering Stroke) Hl Hl \Hen
5 [nadwarafnaiuglunssuenda (Resident Time) | & | Laifl laiiden
6 |szewd15e9 (Cushion) g | ldg Taiden
< a a =
7 [awsisevang (pm) 5 i \don
8  |[Mm1usuduNTneeang (Back Pressure) 5 Y Laen
9 |szevidsudangdadudng (Switching Over) g | ldg laiiden
10 |Au523da (Injection Speed) il il \don
11 [P mdudn (Injection Pressure) i Y \den
12 | weudnen (Packing Pressure) 3 | ldg laiiden
13 |nanlunisaae (Packing Time) 4 | ladl laiiden
14 |ussUnuaifiun (Clamping Force) 5 \den
15 |wanluniswasidiu (cooling Time) g | ldg laiiden

a av ad v

2. npefuasnuideningidas

2.1 wa1adn (Plastic) wana@nledusuanuive
i AewanadnteTiea (ABS) Wuweslunaraindadl
Aaaud? wiled vunisnszunn dannuudauseg
numudeansiall Jouniinisldauegi 60-80°C
a v & 1 v a 1
Jeuldidudiulsenovvesldvainaisviniyu
Fudruvennsatinin Yudiusosud wseeld
ddnaududu [3] uenanauaudRvesnaiadin
ABS 7iNaN736ad NSEUIUNISSsinnatain ABS

' o = a

neuthlUldlunssuiunsdananain Adanuddey

o
LYY a a

FatiumnausSendianatainiidowusfall A159N13
aU (Drying) Wianwataannewiiluldauiiiela

anuAueenandiananadin iedesiulymannin

v
= a =

NnagtinTududuugy Jgyni3iUsenienu nig

av & a = ° a -
UVIENLUANAIARNN ILUSUINITDUNANARN ABS %

gaumgil 80 ~ 90 °C /3-5 luadeuthluldony waz
al

TwUL1IdINTUNITAIAINISITNBS AN NS UIIUdn

watafn uguvginszuanda (Barel

Temperature) ANUA13199 4

M135199 4 NsReAIgUnginnszuandndimiy

naasn ABSLNSA GP [4]

N Zoned Zone3 Zone2 Zonel H

230-240 °C {230-240 °C |230-240 °C |220-230 °C {220-230 °C {210-220 °C

Anuslunsdanazissiulunisde anuslunisg

AnvTuagiuguinsvemandma gumngludiud
i

Y Y

FrussRunsdaiilufie 70 ~ 140MPa (4] gaung)
YDILUNUNLNARBAN AN URILALTEAUYDIAIY

q

o

wuanenslundndnausy ielindndugindanmn
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AafifnuiifiBeunasianuiuandnsiosasais
muAugavgiiveasifiuilrigaigaiifiag Sululy
st 40 °C ~ 80 °C aglsfnuguunivoauifiam
ﬁqﬁuawﬁﬂﬁsaumsv‘mmmuﬁuuasLﬁ@ﬁjzym
n130a90 [4] n1se0nUUULLRLIEY nadi
waafn (Gate) LavUuIATE NI TiIWATARN
(Runner) gfoevin1snaaesluwiaziusiewed
Funu neumsndntiadielildeimangan dwy
wseulunisde aasaruauanudulunisdaliiu
wifisiegsainaueuazidnuusiseniulddmiu

AMANYAZYDITUIU (Appearance) ALUINAIH

q

' [

fnasousiiun1sdaiugungiinisda U989
NARSDUTTER WazULIRINY (Gate) VUATNEIIvDS
dhanadin (Runner) iy

22 miﬁ'ﬂﬁugﬂ (Injection Molding) \Junss3s

o

AsHankandugnarafnAdeuldiuuinludagduy

3
WIgaN1sandndunundsussdudeuldd gad

pafUsEnaufid1fnyey 6 dau (6M)ie Material
(FmpAuidawanafin) Mold (usifiani) Machine (130
2m) Method W15181mes) Man @198 )
Management (nN159AN19) [5] mﬂgﬂﬁ 5 wanada
LU iinIsvg veenseuIunIdananadin 3190
mswseddananadn lngviiniseudianaiafinneu
Joudniaiosdn wisuudfnidmsuia wisy
Asfimesdnsuinsesdn ndmwInwmsEILAIg
W& nszuruMsanlaun3esdnnatainayyiviing

¥

MaauazmmﬁmwmaaﬂLLazamwmaﬁﬂmmma

U

4

WL AsALRULaYSANANERNUALTLANLLIRLN
uarduuazgnvaaifuieuazdn ielwlituay
sUSamuiniuddadawifiusiiierinnisan
Funuesenanuliium ¥in1InsIedeuTuy wen
2047 voudsuarasiudin ivnuidniidaiu e
w3sndslunszuIuNIaly

2.3 N1552AUAIUAR (Brainstorming) \Jwuwnaila
wilsildluszauanudafiendladayni 91nnate 9

HUUDY YAINVAIEAIUAAYDIALNTN NI TINAINTTH

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

SYANANDY Fatun153YANALAR (Brainstorm) Tag
aguTmuneia N135EANANNARINYN 3UNB Lag
laifinnsdndugnila vesaunTnlungy iemmaden
Tunsdindula arudnlndguaglalunisnisisiuu

Tunsuilatymiue (6]

| 1383 Plastic Material | | M3 PRI |

| Setup wiRLWITLATDIERA |

Material Dryer

Inj.Pressure

Clamping force

Nozzle Temp.
| Setup Inj.Parameter |<_> P

Mold Temp.

Inj.speed

Back Pressure
| Injection Process |

Suck back Dist.

Screw rpm.

Awsflweslul

FG Storage

JUT 5 wnugiinisivavesnszuiunisdananadn

2.4 1n30eilonaunn (70C Tools) Tusmiddeils
thipdoailonmn il lutuiin (Check sheet)
lfdmiunsasduiinnan1snsivaey wuuginsie
(Pareto diagram) wanan 13U 2 1lunnsdadasiv
AnudAgveslymagiinsideyaazan unugi
fatamFounufsaunauaznaduunudsinansds
ANFuRussEninalaynn (Problem) Auaweg
sanuaidululffenanelfifntyuidu (Possible
Cause) Lanan1ugU# 4 n519l (Graph) 1uansnis
Wiguiguiuvesayanouwazvain suula (6]

2.5 MITNANUFUAUSTENTIIUAaZHA (Cause

s

and Effect Matrix) \Jun1s1quansnanuduius

Y

SEUINALUTRBUAUBINYINSANYY Audaden

Ui fdAty Aldannisseauanuda Ineldunugil

@ ° @

A19Uan WATIERDITEAUANEIAYUOIUATN
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HansenudasuUsnavauasinsulagldniug
ANUTIYIURAsUsTaUNITal Tun1sufuRnuves
uaulunisunlgmainnisseaunnuaa [6]

2.6 n1seenuuunIsnaaev (Desiegn of
Experiment) #ungaig nsneaeiissnSvaari
nsvaaetegsaiiies amnsavinldlaenisildsy
ArdawU g (nput Variable) lunszuiunas
aulafine Seilianusadanauazddsainging q
fioraneliiinni1sidsunyasvonadnsiile
(Outputs or Response) mﬂﬂizmumiﬁ&u o ALkUT
tidnezgnudseenidu 2 nquie nquilaruauld
FunindaudsvIedadeiiaauauld (Controllable
Variables or Factors) n3asuusvietladefiarunse
ponuuuls (Design Variables or Factors) LLazﬂa;mﬁ
laianansamueulsl fsguit 6

Controllable Factors

i

Additive Manufacturing
Process

r1=1

Input
_—>

Output

>
y

z;

Uncontrollable Factors

JUN 6 anuduiussznineiiudseng 9

N1999NLUY Fraction Factorial Experiment Ao
NM5MARENeTNN1TANTILIUNITNARDIAIIINATT
naaoudsunnneieaifiugy (Full Factorial Design)
uidunsvaaesddlilumsiansantademiifogly
svuunamuaiedelaldnansenusenansuauesi
undign namaedunsmaaedutuneuusnvosns
W Fensldanulaediulvgvesnisesnuuunis
nnaesrilaAvduiliBendt mmaassiiedinsed
B oedu (Screening Experiment) wWieldlunas

adenUadgaanuisdlu Wvaaanizdadend

De

€

vdAyNinanafuUsnaUaLDY [7]
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Response Surface Methodology (RSM) KVRY
MATANISIUT DN ARSI AER SLaEISE AT
AUsrlovil Aon158519UUTIaDIaENITIATIEN
HymIsuanmanouauawienandiulsing q lng
finnUszasiilemeriifianuesnansy Responds
Optimization [8]

y =B+ Xl Bixi+ ¢ (1)

k k
y=5+ E Bix; + E Bfi-rr'z T EE 184}-‘}' X T €
i=1 i=1 i< j (2)

N1788NLUUNITNAaBNLUY Central Composite
Design (CCD) Wun1snaaesfifiaumangaud mdu
TalunsAnen wseasreinuuluanuusues Inaluy
Weadns 2 (Second-order or Quadratic Model)

n1snaassdnwardnuinlanugangulunisidoau

a

wazdlUsAnSAmMUINTIan LanIgniin1sAaeInIy

d A

U 7 WeawSsuiiisufiuununisnaassauinldly

AsEnwIswuUlnaludeanns 2 [8]

FFD cco BBD
Full Factorial Design Central Composite Design Box-Behnken Design

P S

N\
~
7/

AT 2T

[N \\
R e e
® N

Design Points
o --9--1-
|

N
\ s
s N

\
~
gl

JUN 7 fegansesnuuuaanvmaaes CCD

2.7 NUNILITIAUNTIU

IINNTANBILAEZNUNIUITIUNTTUTABIT 09
WU 15U NNATANITEDNLUUAITNAADY LAY
wmadavafiuifiananeulagiinisesnuuunis
naasILuUdIuNaLnas a1 tslunisuiladenilu
ﬂizmumiﬁmwmaammxLﬁammﬁmmsauﬁqm

¥
1Y v s

muany 69il anad [9] vnsAnwrauITeiieiu
Uadeifisnsnadonsidesulunsiiassnssuiuns
AnFudrunaradin oliea lngn1susrandldnig

99NLUUNITNABDY KUU 2P Fractional Factorial
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Design d@1%5UN1999NLUUNITNAADITBIAU WU

anusnantaderiavunann 8 Uady wide 4 Uadend

a

dviwafe dns1n1sdn 1a1n1sdngn guugd
MaBUMAIMAARN uazinaInaeLiy a1niutit 4
Jafoudinsiesifufionanay (RSM) Lilenn
Amnsfiwesfimnza lagn1seenuuun1smaaes
wuudIURaNNa1s (CCD) Ineladdnsinisdnsosay
58 Lamsdngn 6 Junit gaungiiviaeumanmanaiin
221 eswalfod uaziiamasidu 55 3wl lagld
Ansidegusniigainiu 3.97 faduns thendildly

o a

Mn1sednaTanudndndiuvendsainnisideu

(Y7

wiiuSowaz 3.30 Fuduldaiuuinsguvesuion
ATANWINYNSUFRd I uvR NS DAY 5 TILAna

' =

Hnuadlaaiansad il usumiundymi an

Y a

dadiruvendelunsruiunisaanaiainlaasa
fisgned wagdg [10] Wdnwtadeiinasionisvady
wazygamzaNvesany e defivinlidununy
UINTFIU ASTM D955 Lﬁmmwmﬁaﬁaaﬁqmaq
%umuamsﬁugﬂwmaaﬂ PEIBNITODNUUUNITVIAGD
wuvunAneseaiuguasssedu (25 Factorial
Desien) dedladeiilddnurinanun 6 Jade fo
gaungiinanadin,ausade, Anudude, anuduin
61, nalun1sdngn wazarlunisidud nuin
HaseiinansnurefIn1suafivestuLog9l

o v A

Yoddy 5 U3 Ao auvalinatadin, mnusiae,

4 9 Y

v v
= o

ANUAURR, ANUAUTAET, WazLIa1lunisanen
ntiutite 5 Jadeuninseiiufiananey (RSM)
WonAinisuadafmunzay Tngn1soentuunis
NAADILUUAIUNANNAN (CCD) LazNan1TITENUI
fan1zdadefimunzaurililaainisnasive s
Fuau Wiy 1.95 fadwns (1.56 Wosidurves

ANNYITUIY) NTLUIUNTHANLAZABINITINTOY

¥
P

W DUUNTUAIUNUR VLA
Krit, Wiroj and Thiradet [11] 1@%inn15Anwn

AMNISITLABSYBINTTUIUNSAANANARNAT Hase

ANUTUINIVDITUAIUNAIEAN ABS LaedTnIs

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

sanuuunisvaaesiagldmaiavemin® Wunis
npaoulosuiiofumiladoiitinaronuiivanves
Fuau 910 8 Yade wide 3 Jedediildeddny wagld
Bnsitufananeu (RSM) neimadianisesnuuunis
NARBIAILNAUNAN (CCD) iiemseuafimunzan
vosusazdady wuirgumgiveausifianiila Cavity 7
70 °C gauvinfinnsandl 240 °C wazauislunisdn
120 131, / 3und Tusgdupnandesiufl 95% (Juseiu
vastladedidtuddnysenisiiuyszansain A
Uu%udwwmaﬁﬂﬁmmzauﬁqm

a

33501 HU9UN1598

' %

nsifeidyatiufievandndiuvendeain
NILUIUNTTAANANERN LABN1TMIA1TEAUYRIUATY
Nudanarainfmuizanlunisnan lneldnas
PONLUUNISNAADY T9A1NSOUAAIENFUTURDUATS

Aliunuidelanagun 8

" o A oM A o = ar -\
ihfadudldnshnseenuuumsneaaalaadiy
uazfmlunsneasdlagldniseenuuunisneaes

Fraction Factorial Experiment

9

Temiuarasunanismeaad oy

.

ihiadedildanyhnseenwuunsvaass Central

Composite Design

9

msiesEiranseasfilduazsmseaud

Winzauvasusazlady Respond Optimizer

d

[ rafildlulldnuesihnsasiiamsduiunu |

o A

8

a),

JUN 8 wnuslsanAudunaun1satiuauide

NUNUI Liwmwﬁq{]zymLLass'?juumuﬁwﬁmﬁw
nsUfulgaiieandndiuveadeiadslnesin awgy
7l 1 50712 3UT13 uagans1ail 1 audrdiu Aediam
Usymeiiu Sunumneiay 1220402 wasnadildann
nMsinseiiagueslyniusenedulagunuls

MaUa1 MUgUN 4 uaensrudeseauaud1Anyves
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wiaztlademunnsed 2 Fauindedidurivestady
fionafdnasdelgmiusznieiiugeiigniotadonis
USudsAmisimes uazainnsfndeniaduves
ANsnesTiAeTes 91nA15197 3 NuEiTn
8 YadeMAatos dmsunisinunavessyiues
Hade Alddmiuinnsneasatesdu 91nmsei 5
315041910 AUAEAAARIRUANANTAM1IVD
fngau 1aTesdng Tuludsdnunzvesduaudlily
1517899 1nE1AEATANIITEANAIUAAIIN
Fueu Inerdesonazseiuveslasedilaluiins
naaeluy 2% Fractional Factorial design 1w
MUUARINaNaUALBIlUNTNAADY (Y) AiD 1UIUTBY
Lﬁamﬂﬁ@ymﬂizmaLﬁwaq?gumu NUYLAY
1220402 $1n15M08093ASINIUAINITIT LA DS

ATAUARIULNUNITNAADS

A151991 5 Yadunazsyauvestads Wndnd1msunig

naaeeluu 2*° Fraction Factorial Experiment

seAuveIlady Nue
Factors (Symbol)

Low High Unit
Screw rpm. (A) 25 35 rpm
Inj. Pressure (B) 90 110 Mpa
Clamping force (C) 230 280 Ton
Nozzle Temp. (D) 230 270 °C
Mold Temp. (E) 50 70 °C
Inj. Speed (F) 30 50 mm./Sec
Back Pressure (G) 6 10 Mpa
Suck back Dist. (H) 2 3 mm.

4. NaNSNNABY

4.1 f775w&mam7yaw§’u (Screening Experiment)

awaiagam15ﬂqﬁ 5 laviinisnaasauuy 2%°,
Fractional Factorial design 1 Replicate 32 Run 14
Frogr19lun1snaasssiuay 500 3u lundazans
naass Asvautedify 0.05 (A=0.05) #1113
Uszaaana Tnslusunsy Minitab 16maniugud 9
WALYINITIATIEANAINATIS19 ANOVA wuanly

a1unsaasunalailiosinuaiilaliuanian P-value

25

aarsauntadeniidndnaretywivsznietu 970

a

Half Normal Plot a3l 10 wuintladeiiavina
poA1 Y (Ugniusenieidu) fivianun 5 Jade il Inj.
Pressure (B) Clamping force (C) Nozzle Temp. (D)
Inj. Speed (F) & a ¢ Clamping force * Nozzle

Temp. (C*D)

IAnalysis of Variance for Y (coded units)
Source DF Seq SS Adj SS Adj MS|F P
ain Effects 8 104.625 104.625 13.0781 | * ~*
2-Way Interactions 20 25.750 25.750 1.2875 | *
3-Way Interactions 3 3.125 3.125 1.0417 | » *
Residual Error 0 * * *
Total 31 133.500
N a '3
E‘U‘V] 9 WaN193AIIEN ANOVA
Half Normal Plot of the Effects
(response is Silver, Alpha = 0.05)
€39 mC
954 mF
cod mD
t g4
§ 80+ Factor Name
2 ] 5 Thi-Presaure (8)
60 - c Clamping force (C)
504 D Nozzle Temp. (D)
404 E Mold Temp. (E)
304 F Inj.Speed (F)
204 G Back Pressure (G)
18: H Suck back (H)
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Absolute Effect Effect Ty pe
@® Not Significant

™ Significant

g’dﬁ 10 Half Normal plot of the Effect

Factors: 8 Resolution: IV
Runs: 32

Blocks: 1

Base Design: 8, 32

Replicates: 1 Fraction: 1/8

Center pts (totalx O

Design Generators:F =ABC, G =ABD, H =BCDE
Alias Structure (up to order 4)

I +ABCF +ABDG +CDFG

A +BCFEF +BDG +CEGH +DEFH
B +ACF +ADG +CDEH +EFGH
C +ABF +DFG +AEGH +BDEH
D
E
F

LABG +CFG +AEFH +BCEH
+ACGH +ADFH +BCDH +BFGH
L ABC +CDG +ADEH +BEGH

BH +CDE +EFG +ACFH +ADGH

CD +FG +BEH +ABCG +ABDF |

JUN 11 Hamsasient Aldannnisneaes 27,

Fraction Factorial

INNANITNAADY b9YIIN15IATII anEaule
Yan1snAavuy 2%7,, Fraction Factorial 131®
A58 BNeNaveetladusiu (Interaction effect)

WUdnAnuaUNITNAaesiidugduuy Resolution 4
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Fomneauiasiinasvinavesadusutdosuin
Tnedvnavesladusudiannsonsianuls asduna
YesBnEnasmiinlasadegndou (Alias Structure)
wuu 2 Jadvsaugiudnassilads Taouaiildainnis
vpaesUszananalaglusinsy Minitab auguii 11
1819191501 Aliases wdaguliindadoi
nasio Y (Ygynusenieu) agreditdeddgae Jade
B C D F fisgdutiuddy 95 wWesidud (0=0.05) 34
¥d9de fenann lUvianismaassgidnadenenis
PONUUUNTVAARITIUNANBISTALUY 2° 3uAUnNS
wmaaﬁ‘iqm Center point wioidun1sBudunanis
Vnaes Laziiionsiaaeu wazBuduiinszuiunisd
ANUFURUSITWTUFUAT (Linear) vSalBadulag
(Curvature) Tngifisgafianans (Center point) 8n 1
538U (Level) ioldRansanlunisnaaesiiaziden
ol Yedeuazseiuresdadeildlunismaassniy
A191971 6 insvaaessau 3 Replicate luusiay
nsvaaesddiedslunisneasssiuu 500 3u lu
wiavn1Maaes fiseduilsddey 0.05 (01=0.05) nafl

1@’1’mm§ﬂ1‘7i 12 Uszananalng JUswnsy Minitab

A15199 6 Uadunarseauvadtdade Y@ msunis

nAaBILUU 2' Factorial design with Center point

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

UM 15 aUUfl 3 1heu AUBIEU — SUINAN W.A. 2563

Tafianudukdsiiaduiiissanndadenlelunng
neaewsely Fefnuredainananuaainnioy
UULB9 WaENa130U19IN AIYBY Ct Pt (Center point)

A1 P Value fil@oandn 0.05 uaza1nm1519 ANOVA

'
a

A19849 Curvature A1 P Value Nlatoensdn 0.05
wWuieaiu aguldianuduiusidudnuazvedng
Tullgadn3 2 (Second-order Model) d115un1s
nnaeufielnzissiuredvnastaziBun Filu
Ms3TeildhnsneaesuuLdLHaNnans (CCD) 1
A5129 SEUTeIdrEnansasSniasniiniy

gangulunismeassgs Tuidedald

Factorial Fit: Y versus Inj. Pressure(B),
Inj. Speed(F), Clamping force(C), Nozzle Temp. (D)

Estimated Effects and Coefficients for Y (coded units)

Term Effect Coef SE Coef T P
Constant 10.104 0.1581 63.90 0.000
B -1.042 -0.521 0.1581 -3.29 0.002
F 3.958 1.979 0.1581 12.52 0.000
C 2.792 1.3% 0.1581 8.83 0.000
D 0.625 0.312 0.1581 1.98 0.056
B*F -0.292 -0.14e 0.1581 -0.92 0.362
B*C 0.208 0.104 0.1581 0.66 0.514
B*D -0.625 -0.312 0.1581 -1.98 0.056
E*C 0.375 0.188 0.1581 1.19 0.243
F*D -0.625 -0.312 0.1581 -1.98 0.056
Cc*D -0.125 -0.063 0.1581 -0.40 0.635
B*F*C 2.125 1.062 0.1581 6.72 0.000
B*F*D 0.458 0.229 0.1581 1.45 0.156
B*C*D -0.042 -0.021 0.1581 -0.13 0.8%6
E*C*D 1.125 0.563 0.1581 3.56 0.001
B*F*C*D -0.458 -0.229 0.1581 -1.45 0.156
Ct Pt -2.704 0.5148 -5 25 0.000‘

PRESS = 96.375
R-Sg(pred) = 79.18%

R-Sg(adj) = 86.52%]
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Analysis of Variance for Y (coded units)
L. L. | szduveady ) Source DF Seq SS Adj SS Adj MS F p
Yaderiudn/Factor yinwal — Mg Main Effects 4 299.250 299.250 74.812 62.34 0.000
#in s 2-Way Interac 6 12.792 12.792  2.132  1.78 0.132
— 3-Wav Interac 4 71.917 71.917 17.979 14.33 0.000
439AUAA (Inj.Pressure) B 90 | 110 | Mpa. 4-§ay Interac 1  2.521  2.521  2.521  2.10 0.156
_— Curvature 1  33.113 33.113 33.113 27.59 0.000
A135730 (Inj.Speed) F 30 50 |mm./Sec. Residual Error36  43.200 43.200  1.200
ws9Unuglfus (Clamping force) C 230 | 280 Ton Toizie Erzor ;; 4223;2 43.200 1.200
gaumgilviada (Nozzle tep) D | 230 )20 | <C SUT 12 man1siasent fildannsmaaes 2°
N0INY 3 B4

Factorial design

4.2 n1534A518%8ana Y Response Surface
Methodology (RSM) lia& Response Optimization
ioagmsgiuavesdadefiuzaniign lunis
Usudarmsimes lunsudladlymdssmeiues
Funumneiay 1220402 ihiadefiisnsnails

MnNN1sNRaadbuUosduns 4 Jadeuinn1siasien
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lneld n1spenuuUnNISNAaBILUY Central
Composite §99:¥1n15NAa0351uIU 1 Replicate
31 Run M4eedlunisneasssiuiu 500 u Tuus
azn1sMAa fiseduted1/a0.05 (00=0.05) lng
frvuaalunisaasseuaissi 7 lnefiazsinig

mvandadenliiveddgysetdymisenietu

A157199 7 Aseavvastatenlineasskuy CCD

o L. syavetlade .
Uadwthun fuanal why
| -1 0 1 a
Useiudn (njPressure) B 80 | 90 | 100 | 110 | 120 | Mpa.
I (InjSpeed) Fol20 |30 |5 | 60 |mmJSec.

wssUnuaifiand (Clamping force) | C | 205 | 230 | 255 | 280 | 305 | Ton

gamgfiad (Nozzle tep) D | 210 (230|250 | 270 | 290 | °C

Response Surface Regression: Y versus
Inj. Pressur(B), Inj. Speed(F),
Clamping force(C), Nozzle Temp. (D)

The analysis was done using coded units.

Estimated Regression Coefficients for Y
Term Coef SE Coef T P

Constant 7.2857 0.2980 24.453 0.000

B 0.5417 0.1609 3.366 0.003

F 1.8750 0.1609 11.652 0.000

C 1.4583 0.1609 9.063 0.000

D 0.7083 0.1609 4.402 0.000

B*B 0.4598 0.1474 3.119 0.005

F*F 0.8348 0.1474 5.663 0.000

Cc*C 1.0848 0.1474 7.359 0.000

D*D 0.4598 0.1474 3.119 0.005

B*D 0.4375 0.1971 2.220 0.038

F*C 0.5625 0.1871 2.854 0.010
= 0,788307 PRE, = 38,8104

R-5g = 94.54% R-Sq(pred) = 82.96% R-Sq(adj) = 91.81%

Analysis of Variance for Y

Source DF Seq SS Adj sSs Adj Ms F P

Regression 10 215.313 215.313 21.5313 34.65 0.000

Linear 4 154.500 154.500 38.6250 62.16 0.000
B 1 7.042 7.042 7.0417 11.33 0.003
F 1 84.375 84.375 84.3750 135.78 0.000
(e} 1 51.042 51.042 51.0417 82.14 0.000
D 1 12.042 12.042 12.0417 19.38 0.000

Square 4 52.688 52.688 13.1721 21.20 0.000
B*B 1 1.855 6.046 6.0462 9.73 0.005
F*F 1 13.750 19.929 19.9291 32.07 0.000
c*rC 1 31.037 33.653 33.6525 54.15 0.000
D*D 1 6.046 6.046 6.0462 9.73 0.005

Interaction 2 8.125 8.125 4.0625 6.54 0.007
B*D 1 3.062 3.062 3.0625 4.93 0.038
F*C 1 5.062 5.062 5.0625 8.15 0.01

Residual Error 20 12.429 12.429 0.6214

Lack-of-Fitl4 9.000 8.000 0.6429 1.13 [0.471
Pure Error 6 3.429 3.429 0.5714
Total 30 227.742

Estimated Regression Coefficients for Y
using data in uncoded units

Term Coef
Constant 292.329
Inj. Pressure -1.41235
Inj. Speed -1.05411
Clamping force -0 916881
Nozzle Temp. -0 758110

Inj. Pressure*Inj. Pressure 0.00459821
Inj. Speed*Inj. Speed 0.00834821
Clamping force*Clamping force | 0.00173571
Nozzle Temp.*Nozzle Temp. 0.00114955
Inj. Pressure*Nozzle Temp. 0.00218750
Inj. Speed*Clamping force 0.00225000
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NaNTIATIEAT AN AIMARBIRnINTUR 13
Wu11Ua98 Injection pressure &A1 P-Value 1i1Au
0.003 U348 Clamping force &A1 P-Value 1111y
0.000 248 Nozzle Temperature 471 P-Value
WU 0.000 haztady Injection speed dA1 P-

Value 11U 0.000 F9919%UALA1UBENIIAISEAY

v o w = A

HodAgy 0.05 squdalladeniasaesdalian P-Value
Youndn 0.05 wansiiadeamundinguniiovina
mon1sUgynIUTENI8iY LaziaNsaIAINNITIATIZH
menduUsyansnisinauls R (ad)) vesnsmnans
wmiladedifivdwaretmusznieduwiniu 91.81%
wamsideyaiiiivanainmsvaassly 100 e 2xdl
audusUsiinandadefivinnismaass 91.81
wiae drundleimdeisldaiuisaeiuigleing
anufunlsiintuilesantlaseildlunsnnaswie
nanlinlsfindeiinainanunaiandsuain
msneaesiules nafildainnisvaaes LLamgﬂﬁ 13
Uszunanalnelisunsy Minitab wazain Residuals
plot U7 14 9nnsmiduuudredunisasiaaey
N19N32WAILUUUNA (Normal Distribution) U94e1
d2unnAg (Residual) 91nN1TNANTUIVDIAEIY
ande (Residual) Geldlun1snadeunIsHaNLITLUL
Uni (Normal Probability Plot) 1fiu31A1dunnAng

a LY

(Residual) §IN15NTLANEAINIULUIEUATI LA
Uszanulain ArdiunnAs (Residual) Sn1suanuas
wuuUn@ annsmuuen Wunisesaaeuanuly
852 (Independent) ¥93Ad21UANA (Residual)
dle MNIITUINTTNTLANLVOITOYAUUUNUN TN U
N13N3¥8AIV0IANEIUANATS (Residual) & JUKUU
ffudasy Lifsyuvuiluiueu nieldatunse
stmmgﬂwuﬁuﬁuauiﬁ wanaly LAuInAndu
AnA19 (Residual) aduidudaserodu
(Independent) 91nn51a19921 un1sasIvde
AULEDYTYDIANLUTUTIU (Variance stability)
Tngldunuginisnseangverndny AAIALAA DY

(Residuals) Tunfagszauvestladeniinisnaasy
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wuduandstudinsnsraeiegsai o
ynuInuazynsay uansideyadlddu daumades
yesmuulsUTIu aguldideyaiitanyhmnaaes
wazNAT ALY WaENan1T AT LS
augUTl 13 Jsaguldinanismaassiiniudediold
Taefiasanainan Lack-of-Fit AléA1 P Value
Wiy 0.417 Faunninsesuefedfy 0.05 (0=

0.05) wanslaideyaiinuundenels

Residual Plots for Silver

Normal Probability Plot Versus Fits
%
- 0
%0 i t 1o
M 7 5 05
5 pr 3
§ e 3
» 1 .
[ o = 05 .
10 e -
1L .
1 ] 1 6 9 12 15
Residual Fitted Value
Histogram Versus Order

Frequency
T
Residual

-1.2 06 0.0 0.6 12
Residual

31117{ 14 Residuals plot

2 4 68 101214 16 18 20 22 24 26 28 30
Observation Order

Faldthdeyadananilyiinsevivie Response
Optimization \iieflazldnsuseiuavestladeda
dnsnadedgmiusmeFuilimnzauiign fszdu
Heddyn1adnfianudedy 95Wesidud (a =
0.05) nan153Asev AntUsnsU Minitab Ailduans
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i n). Pre Inj. Spe Clamping Nozzle T
- B S G (WA )
ar 6.9697 . 1 244.3939] 237.4747)
0.66127 Low 80.0 20.0 205.0 210.0
Composite 1 T T T
Desirability

0.66127

Silver
Minimum
y = 5.7583
d = 0.66127

5U16 nanoutademnzaunviliAndym

Y

Uszneidu desfian Nszduanuiiodiu 95iUasidud

Contour Plots of Silver streaks

Hold Values
Inj. Pressure 100
Inj. Speed 40
Clamping force 255
Nozzle Temp. 250

SU7 17 Contour Plot wanstladeniluanadnaiu

Y

vaudsantgymusznietu (B8 C D way F)

1T eRleeldlusunsy Minitab wiewn
ﬁiwﬁLumgauﬁqm Response Optimization veei 4
PaFanuiarfivunzaud msudlads Inj. Pressure
WU 96.96 Mpa. Uad8Inj. Speed 111U 30.10
mm./Sec U338 Clamping force 1A 244.39Ton
way Jad Nozzle Temp. Wiy 237.47 °C fiszdiy
audeiu 95Wesdud (a = 0.05) warldaunis

ANUFLUNUSAIT

Response Optimization
Parameters
Goal Lower Target Upper | Weight Import
Y Minimum 0 0 17 1 1
Global Solution
Inj. Pressur = 96.9697
Inj. Speed = 30.1010
Clamping force = 244.394
Nozzle Temp. = 237.475
Predicted Responses
Y = 5.75833 , desirability = 0.661274
Composite Desirability = 0.661274

Y = 292.329-1.412 (B)-1.054 (F)-0.916 (C)-0.758 (D)
+ 0.0045 (B)*+0.0083 (F)°+0.0017 (C)*+0.0011
(D)*+0.0021 (B*D) +0.0022 (F*C)
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A15799 8 seeuvealaduninlunnassiietuduna

sgrvvestade
Uady (Symbol) |dydnual — - Unit
nou UGN
Screw rpm.** A 30 25 rpm
Inj. Pressure * B 110 97 Mpa
Clamp. force * @ 260 240 Ton
Nozzle Temp. * D 260 237 °C
Mold Temp. ** E 60 70 °C
Inj. Speed * F 40 30 mm./Sec
Back Pressure ** G 8 6 Mpa
Suck back Dist ** H 3 3 mm.
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v d1uu Jgym .
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1220402 1000 7 2 9 9000
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Funumneiay 1220402 \ensavaeudndiuiam
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AN5199 10 WEAINANISAANINNNSHARLNDEUSUNE
a = a a
wazn1TUSeumey Jyuiusen1ekuainnisuan
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91015199 10 naann1swanasuiiosdunisiudu
NANTITE VBINITNAATUINUNLBIAY 1220402
wuNansaandnaiuvesdsaindymuszneRule
939 NaNAdERaINYeLdsanaINLAN 18,286 PMM
viednUu anas 54.18% Fatusafnuafudn
11%1391U (Tolerances for Setup +5% ) Wlelvinns
Wa® Mass Production siald

5.2 N150ANINNANTTANTUNIUTIE basnIT
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1§91nNsVAABIEMSUNERTUIUMINELEY 1220402
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YDILEY MUANTIN 11
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ABSTRACT

The objective of this article is to study the influence of sliding velocity and contact pressure
on the tribological behavior of the mating surfaces of hardened SKD11 tool steel against ferritic stainless
steel 430 HL workpiece material under dry conditions. The study was conducted by simulation testing
with Pin-on-Disk according to ASTM G99-95a. There are three levels of sliding velocity of the contact
surface material: 50 100 and 150 mm/s under normal loads of 2 5 and 8 N. The study found that
relative damage of tool steel surface on the workpiece material comes in two forms: abrasive wear and
adhesion of workpiece material. The coefficient of friction between the contact surfaces ranged from
0.707 to 0.904. Sliding velocity and contact pressure do not linearly correlate with the coefficient of
friction between the contact surfaces of the tool material and the workpiece material. The adhesion
of the workpiece material to the tool surface does not affect to increase the coefficient of friction. The
quantitative of tool material wear and the sliding distance correlated in the same direction, also wear
is proportional to the pressure generated between the contact surfaces, which is inversely proportional

to the sliding velocity on the workpiece material.

Keyword: Sliding Velocity, contact pressure, tribology, tool steel, stainless steel.
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A19197 1 dudAnienanazesrUsznauniaaiians

TannAnw
Symbol oo oy Elongation
[Jis] [MPa] [MPa] [%]
382 513 27.7
Chemical Compositions [wt%]
C Si Mn P S
0.0116 0.4913 0.3380 0.0317 0.0064
SUS430 HL
Cr Mo Ni Al Cu
18.5576 0.3235 0.1771 0.0028 0.5149
Nb Ti \Y, B
0.4138 0.0028 0.0998 <0.0001
C Si Mn P S
1.4346 0.2285 0.2869 0.0337 0.0028
Cr Mo Ni Al Cu
SKD11
11.6004 0.8489 0.4832 0.0067 0.1656
Nb Ti \Y B Fe
- - 0.2421 - Bal.
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807 MPa
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1095 MPa
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Contact Pressure

1280 MPa

Adhesion
500 pm
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Sliding Velocity
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() Probability Plot of Friction Coefficient
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(1) Correlation: Friction Coefficient,
Contact Pressure, Sliding Velocity
Friction Coefficient

Contact Pressure -0.139
0.722
Sliding Velocity 0.274
0.476

Cell Contents
Pearson correlation
P-Value
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ABSTRACT

This article presents the capacitated vehicle routing problem that associated with the limit of
vehicle capacity. The problem represents a type of actual daily delivery under constraints of
maximun of 30 locations and the demand over the locations occurs randomly. The model aims to
solve for minimum routing target using the designed solution procedure based on the composite
approach, and applies the current transportation management system along with spreadsheet
solvers. The proposed solution procedure allows the company to deal easily with actual
transportation routes and distances in their daily scheduling tasks. The result of the study shows that
a metaheuristic method, within the spreadsheet solver, gives the best performance. The set of

sample schedules returns the reduction of 8% in the total transportation cost.

Keywords: Vehicle Routing Problem, Composite Approach, Excel Solver.
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duanniuluszuuiassgiavosusazysyna vililu
ABUTENULINTUTINTIANTldgunuLasla
Jafnd (Supply Chain and Logistics) t1u1U5ule
melussdnsundety Woldlumswauiuazifinda
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asrmuslunisldmaiialag welddadunislad
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Lﬁaulmmma}muwww (Capacitated Vehicle
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Minimize
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ABSTRACT
The annual rainfall uncertainty affects the available water. Therefore, in Thailand the available
water during the dry season is the most important resources in rainfed areas for implementing the

water management plan. Additionally, the most affected areas are in the rainfed areas since there is a
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deficiency of irrigation projects and water management plans. Consequently, the water balance process
is necessary to predict the drought areas and prepare a mitigation plan. For this reason, the water
balance process was applied to determine the water deficit areas at sub-district level in Thailand from
2019 to 2020. The water supplies were evaluated by measuring all the existing available water in
rainfall-runoff, waterbodies, and watercourses. Furthermore, the water demands were calculated for
domestic, agriculture, ecology, and industry sectors. The study results on water balance were in good
agreement with drought areas as identified by the disaster management agency. Finally, we can

conclude that the methodology used for this study is an efficient tool for the drought prediction at a

sub-district level in the rainfed areas.

Keyword: Water Balance, Rainfed Area, Drought Management.
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ABSTRACT
The objective of this study is to develop the adjustment factor for use in estimating capacity
of DRR two-lane highways by using the development of traffic micro-simulation model instead of
directly observed, as well as presenting the impact of factors affecting the capacity of the DRR two-
lane highway. The results show that the estimation of the average maximum capacity of all 3 site is
3,671 pc/h, with the proportion of motorcycles being the factor that causes the maximum capacity to
be reduced compared to the base condition due to the driving behavior with other vehicles on the

carriageway. In this regard, the researcher has summarized the adjustment table of the proportion of
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motorcycle, proportion of heavy vehicle and directional split, as an alternative way to use the capacity

estimation of DRR two-lane highways.

Keyword: Adjustment factor, Capacity, DRR two-lane highway.
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ABSTRACT

Water resources are mainly natural resources for the economic development of each country
in the world. In recent, the climate change has affected water resources in the productive process of
every economic sector. It is imperative to have a consideration for water allocation in economic
efficiency. This study aims to calculate the gross domestic product (GDP) and water demand in each
sub-district (tambon) and assess the economic value of water (GDP/cu.m.) of 25 basins in Thailand. GDP
and water demand were considered from the main economic sectors of Thailand such as agriculture,
manufacturing, and service. They were estimated using the available secondary database from
government’s agencies. The results showed the GDP of basins, which found that the Chao Phraya River
Basin is the maximum GDP, but it consumed only the moderate water. In addition, the economic value
of water in the manufacturing sector is the highest values in generating the GDP. This study can
recommend the policymakers for the design of economic and environmental policies in driving

Thailand’s economy.

Keyword: Gross Domestic Product (GDP), water demands, economic value of water resources and river

basin of Thailand.

1. Introduction

Natural resources are the primary resources For instance, rice cultivation area in Thailand
for inputs in the productive processes, especially  was 62 million rai (rai = 1600 sg. m.) in 2015 and
the water resources. Economic development its water demand was approximately 1,200
after the industrial revolution has resulted in cu.m./rai [1], so rice production of Thailand
heavy consumption of water resources. Thailand ~ consumed the amount of water around 75 billion

as a developing country relies greatly on its. cu.m., annually [2]. However, in the drought year,
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water storage in the dams is inadequate to
allocate for agriculture and caused water deficits
in many irrigation projects. In the same way, the
manufacturing and service sectors may be
dehydrated occasionally. The GDP was effected
from this incident, which can be explained by Fig.
1. It shows the relationship between the annual
rainfall and the GDPs. If there is one year, the

annual rainfall is less than average annual rainfall.

The GDP of the three sectors were decreased or

settled.
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Fig. 1 The relationship between the annual
rainfall and the GDPs
Therefore, the water resources is very
important in driving the economy of Thailand.
This is evident from the fact that the government
established the Office of the National Water
Resources when October 2016 [3]. It is
responsible for integrated water management in
all dimensions, especially socio-economic. The
Information of GDP in regional and basin levels is

essential for planning and national

policy

formulation in the future.
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The purposes of this study are to build the
databases and link the water resources to the
economy in area-based information. Furthermore,
this study estimates the economic value of water
in 25 basins. These results can help provide
information for policymaker in water resources
management and allocation to achieve effective
management and respond to the economic

growth of Thailand.

2. Methodology

2.1. Study Area

This study focuses on the 25 basins in
Thailand, where depending on the geographical
characteristics. Thailand can be divided into four
main geographical regions: The North, the Central
Plains, the Northeast and the South [4]. The north
region is covered by the most mountains, which
serves as the origin of four major river basins,
where include Ping, Wang, Yom, and Nan rivers.
They converge to become the Chao Phraya river
basin, the economic hub of this country. It is
located in the central plains and it is the biggest
agricultural area of Thailand.

The south region has the long mountains and
the steep slope in many areas. It has the Tapi river
and Andaman sea, where is a tourist attraction of
this region. The northeast region is the most
plateau and it has mainly three rivers, include
Mae Klong, Chi, and Mun rivers, for farming and
cultivation. This area is famous for jasmine rice,

but it is also the poorest region in Thailand.
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Fig. 2 The 25 river basins of Thailand [5]

Based on the geographical region, Thailand
can be divided into 25 basins. It is shown in the
Fig. 2 and the watershed area and annual runoff
can be shown in the TABLE I. The average of
annual rainfall and runoff are approximately
1,572.5 mm and 214,128 MCM [5]. The GDP of
Thailand year 2010 is approximately 10,802,396
million Baht, which contributes from the
agriculture, manufacturing and service sectors.
Three economic sectors are about are 1,137,577,
3725272 and 5,939,547 million Baht [6],
respectively. The maximum GDP of regions is the
central region, the south, the northeast, and the
north, respectively.

2.2. Methodological Framework
The methodological framework of this study
consists of four parts. Firstly, we calculated the
GDPs and water demand for the main economic

sectors in the sub- district ( Tambon) level
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(agriculture, manufacturing, and service). Each

economic sector has a different way of
calculation. The details are discussed in the next
section. The products are prepared as a
Geographical Information System (GIS) format.

Second, the techniques of spatial analysis were

TABLE |
Watershed areas and annual runoff of the major

river basins in Thailand [4].

Basin River Basin Name Watershed Annual

No. area run off

(sg.km.) (MCM)
1 Part of Salawin 17,920.19 8,156
2 Part of Mekong 57,422.07 15,800
3 Kok 7,895.38 5,119
4 Chi 49,476.58 8,035
5 Mun 69,700.44 21,767
6 Ping 33,891.71 6,686
7 Wang 10,790.74 1,429
8 Yom 23,615.59 1,430
9 Nan 34,330.16 9,518
10 Lower Chao Phraya 20,125.25 4,925
11 Sakae Krang 5,191.43 519
12 Pasak 16,292.24 2,708
13 Tha Chin 13,681.24 2,815
14 Mae Klong 30,863.76 12,943
15 Prachinburi 10,481.32 4,502
16 Bang Pakong 7,978.15 4,900
17 Part of Tonle Sap 4,149.97 1,193
18 East Coast Gulf 13,829.72 25,960
19 Phetchaburi 5,602.91 1,140
20 West Coast-Gulf 6,745.33 1,013
21 Peninsular-East 26,352.78 35,624

Coast
22 Tapi 12,224.53 17,380
23 Thale Sap Songkhla 8,494.97 7,301
24 Pattani 3,857.82 3,024
25 Peninsular-West 21,172.25 9,918
Coast

Total 512,065.81 214,128
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used to overlay GIS data by using ArcGIS. These
results can be shown the GDPs and water
demand in sub-district and basin level. Next, we
estimated the economic value of water of 25
basins in unit: Baht/cubic meter and compared
these values between basins for policy guidelines.
The methodological framework can be shown in

the Fig. 3.

Township level

Calculate Water Demand Calculate GDPs

l

Spatial Analysis by ArcGIS

I
! [

Water Demand of 25

GDPs of 25 basins

basins

[ J
T

Economic value of water
(Baht/cu.m.)

Fig. 3 The methodological framework

2.3. The GDP Calculation

The GDP is very important for the evaluation
of economic status and the overall economic
direction of the country. It is a monetary measure
of the market value of all final goods and services
produced in a period (quarterly or yearly) of time.
This section is introduced the GDP calculation in
each economic sector, namely the agriculture,
manufacturing, and service. Based on the GDP
data in 2010 from the Office of National Economic
and Social Development Board (NESDB) was
considered in this study.

2.3.1. The GDP of the Agricultural sector

Thailand has many cultivated crops. Thus, we
consider especially five economic crops, namely
rice (rainy season rice and dry season rice),
sugarcane, maize,

cassava, and para-rubber,
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because they are approximately 60 percent of
GDP agriculture.

According to Chuenchum et al. [7], the
calculation of GDP agriculture is considered from
land use data in 2009-2011, which obtained from
the Land Development Department (LDD). The
information of yields and the price of products for
each crop type are obtained from the Office of
Agricultural Economics (OAE) and the Department
of Internal Trade (DIT), respectively. The crop
area, which is divided by each sub-district, is
multiplied with the yield of crop and the price of
each product. Results of the calculation are the
selling price of each crop, which is the sum of
cost and profit, but GDP is a profit only. We must
calculate the costs from the Input-Output Table
or the description of the economic structure of
Thailand [8]. Hence, the selling price is deducted
by the cost of each crop. Summation of the profit
from every crop type is the GDP of the agricultural
sector.

2.3.2. The GDP of the Manufacturing sector

The calculation of GDP manufacturing is
estimated from an economic model in the field
of macroeconomics and forecast production,
which is called “Cobb-Douglas Production
Function”. It can be shown in Equation (1). This

equation is based on the relationship between

productive inputs and the number of outputs.

0=aK'If (1)

where Q is the GDP of manufacturing (Baht). K and
L are the capital and labor inputs, respectively
and constants a, b, and ¢ are the total factor

productivity, the output elasticity of capital and
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of labor respectively [7]. The constants a, b, and
¢ are estimated by multiple linear regression of
manufacturing data in provinces [9]. The GDP of
the manufacturing sector is calculated from the
number of industries, capital, and labor in the
sub-districts and basins. The manufacturing data
are obtained from the Department of Industrial
Works (DIW) and the National Statistics Office
(NSO).

2.3.3. The GDP of the Service sector

The GDP of the service sector is difficult in
the calculation because many sectors cannot
collect the details of the information. Thus, we
assume that the density of the population
represents the representation of GDP because the
service sector includes the infrastructures
(electricity, water supply, and gas), education and
tourism etc. Therefore, the GDP of service is
estimated based on Gross Province Product (GPP)
from 77 provinces. The GPP is further distributed
to sub-district level by weighting ratio of a
number of population of the sub-district level to
the number of population of provincial level.
Then, the GIS is used for coverage to determine
the river basin GDP.

2.4. Water Demand

The calculation of water demand in this
study is considered from the secondary data of
the government agencies, which are based on
2010. Water demand of three economic sectors is
focused in this section.

2.4.1. Water demand of agricultural sector

In this section, we used the average water
demand of the crops, which is based on the

lysimeter test in the experiment from the Royal

Irrigation Department (RID) [1]. Each province is
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different values because of the difference in
temperature, rainfall, and humidity.

24.2. Water demand of manufacturing

sector

The calculation of water demand for
manufacturing can be calculated by using
horsepower from industries in the sub-districts.
The horsepower ( H) is multiplied with a
coefficient of water demand for each type of

manufacturing plant [10] as shown in Equation (2).

WD Man. = H x (Coeff. x Correction factor) (2)

The coefficient of water demand based on
types of industries is based on the data in 2005.
Thus, we must be adjusted to reflect water
demand in 2010. The correction factor is used in
the adjustment and is calculated from the total
water demand of manufacturing in 2010 per total
water demand of manufacturing in 2005, which is
found to be 0.31. The correction factor is
multiplied with water demand in 2005 of each
manufacturing sector for adjustment data. The
result will be the water demand in 2010 in each
manufacturing sector.

2.4.3. Water demand of service sector

The calculation of water demand on service
is complicated. A service sector consists of various
sectors. Water demand of service sector can be
categorized into two groups, namely household
and service, and tourism as shown in Equation (3).

WD Ser. = Household + Service & Tourism (3)

Water demand of household can be
calculated from household water usage (Lpcd,

liters per capita per day) multiplied with a
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population in each sub-district. The population
data are obtained from the Department of
Provincial Administration, and the Lpcd is based
on Suttinon et al. [11]. Similarly, water demand
of the service and tourism is considered from the
secondary data, which can be obtained from the
National Statistics Office (NSO) of Thailand.

2.5. Economic Value of Water of 25 Basins

The definition of the economic value of
water is one cubic meter of water can be
generated how many monetary values
(Baht/ cubic meter). It is very important in water
allocation for the best economic worthiness. The
economic value of water can be estimated by the
GDP basin per water demand. It is shown easily in
Equation (4).

Economic value of water = ___or (4)
Water demand

where the economic value of water is the value
of water in generating monetary values, the GDP
basin is the total of GDP in each sub- district,
where is covered by basin boundary and water
demand is the water used of the whole basin or
each economic sector. Especially, water demand
of service sector is divided as two kinds, namely
the 60 percent (No generate GDP) and 40 percent
(generate GDP) because water demand of service
sector is combined between water consumption
of people and water consumption of tourism,
education and service businesses etc. Water
consumption of people is water usage in the daily
life of each person, which do not generate GDP,
such as shower and cleaning. Conversely, water
consumption of tourism, education and service
businesses is water usage in service activities,

which generates GDP. Thailand does not have the
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proportion of water usage in the service sector for
generating GDP. The proportion (60/40) is based
on Suttinon et al. [11], which is the assumption

of water usage in the service sector of Japan.

3. Results and Discussion

This section can be divided into two parts,
including the results from the GDP calculation
and water demand and the results of the
economic value of water.

3.1. The GDP Calculation and Water Demand
The GDP and the water demand results in sub-
district and basin levels are shown in the Fig. 4, 5,
6 and 7, and the details of the GDP and water
demand are shown in the Fig. 8.

The primary GDP of agriculture is rice and
para rubber, which represents approximately 28
and 27 percent of this sector, respectively [8].
Rice cultivation can be divided into two times in
a year, namely the in-season and off-season rice.
The majority area of rice is the north, central, west
and east regions. In the same way, the most area
of the south region is the para rubber. The GDP
of agriculture in sub-district and basin levels
presents the dark green color, which is high GDP,
in the north, west, central, east and south region.
The main water resources are consumed from the
Ping, Nan, Sakae Krang, Mae Klong, East coast gulf,
Peninsula-East coast and Tapi river basins for

generating the GDP.
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Chiang Mai

®———————— Khon Kaen

Chantraburi

GDP of Agricultural sector
High

N Surat Thani

Samut Sakhon

. Chonburi
Samut Prakan . Rayong

GDP of Manufacturing sector
High

Fig. 4(a) The GDP of agricultural sector in sub-
district

Fig. 5(a) The GDP of manufacturing sector in sub-
district

GDP of Agricultural sector
High

GDP of Manufacturing sector
High

Fig. 4(b) The GDP of agricultural sector in basin

level

Fig. 5(b) The GDP of manufacturing sector in

basin level
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Water Demand of Agricultural sector

High

GDP Service sector
High

Fig. 6(b) The GDP of service sector in basin level

Water Demand of Manufacturing sector

High

Fig. 7(b) Water demand of manufacturing sector
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Water Demand of Service sector

High

Fig. 7(c) Water demand of service sector

Fig. 8(a) shows the relationship between the
GDP of agriculture and water demand. We can
analyze and classify as three types of water
demand for generating the GDP, including the low
(Type 1), moderate (Type 1) and high-water
demand (Type Ill). Type I, Il and Il can be
explained that water used is low, moderate and
high but it can produce high GDP. Hence, the
results of Type | is the Ping, Petchaburi, and West
coast gulf river basins. Type Il is the Salawin, Kok,
Pasak, Thachin, Prachinburi, Bang Prakong, Tole
sap, and Mae Klong river basins. Type Il is the
remaining river basins. Moreover, we consider the
GDP of five economic crops as GIS, which is shown
in Fig. 9. The different GDP can be identified the
behavior of farmers in each region. Thus, If
Thailand wants to develop and reform the
agricultural production, it will attempt to change

as Type | and II. In addition, the government must
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support farmers from selling the raw agricultural
product to processed agricultural products.

The GDP of the manufacturing sector is
identified clearly in Fig. 5. The results show the
dark orange color for high GDP, which matches
with the main industrial area in some regions of
Thailand, namely the central and east regions
(Eastern Economic Corridor, EEC). They are one-
third of the GDP in this sector. Other orange points
display the major cities of the country, where the
main roads cross. Fig. 8(b) shows the relationship
between the GDP of manufacturing and water
demand. The Chao Phraya river basin is the
maximum GDP, and the Bang Prakong, East coast
gulf, and Mun river basins are second values,
respectively. They consume the low water
demand for generating the GDP. Conversely,
Thachin river basin consumes high water demand
but it produces low GDP because this area has
the food and food processing industries.

Finally, the GDP of the service sector is shown
in Fig. 6. The service sector is very important
because it is approximately 58 percent of the
whole country. The results are similar to the
manufacturing sector, but they are different in the
south region. The most GDP of service is identified
in the famous tourism and big cities of Thailand
such as Bangkok, Chonburi, Chiang Mai, and
Phuket. Fig. 8(c) presents the relationship
between the GDP of service and water demand.
The Chao Phraya, Bang Prakong and Thachin river
basins are high GDP but they consume much
water demand. On the other hand, the basins
near the Gulf of Thailand and Andaman sea

consume less water used but they can produce

the moderate GDP.
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GDP of Major Rice
High
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GDP of Cassava
High

GDP of Secondary Rice
High

Fig. 9(b) The GDP of secondary rice in Thailand

GDP of Maize

High

Fig. 9(d) The GDP of maize in Thailand
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TABLE I
Economic value of water of 25 basins

(unit: Baht/cu.m.)

River Basins Agri ‘ Man ‘ Ser

Fig. 9(e) The GDP of sugarcane in Thailand

Mae Nam Salawin 10.6 1,700 1,174
Mae Nam Khong 33 1,413 972
Mae Nam Kok 10.1 1,606 1,226
Mae Nam Ping 58.2 5,589 1,503
Mae Nam Wang 3.0 56 1,203
Mae Nam Yom 3.9 8,224 1,062
Mae Nam Nan 5.0 1,168 1,107
Mae Nam Chi 2.7 3,033 932
Mae Nam Mun 2.3 5,295 967
Mae Nam Chao Phraya 5.2 1,744 2,924
Mae Nam Sakae Krang 4.5 2,088 1,107
Mae Nam Pasak 6.8 379 1,440
Mae Nam Thachin 6.3 586 3,151
Mae Nam Prachin Buri 8.5 1,790 1,407

GDP of Para Rubber

High

Mae Nam Bang Prakong 11.4 4,119 3,264

Thole Sap 9.6 2,783 1,015
East-Coast Gulf 24.4 2,490 2,998
Mae Nam Mae Klong 6.3 45 1,820
Mae Nam Petchaburi 143.3 371 1,846
West Coast Gulf 222 929 1,718
Peninsula-East coast 4.8 434 1,209
Mae Nam Tapi 4.8 846 1,827
Thale sap Songkhla 38 1,369 1,163
Mae Nam Pattani 4.3 4,980 953

Peninsula-West coast 4.6 1,254 1,954

Fig. 9(f) The GDP of para rubber in Thailand

3.2. Economic Value of Water of 25 Basins
The results of the calculation of the
economic value of water in 25 basins can be
shown in TABLE II. The economic value of water
in the agriculture is the least valuable of three
sectors because it consumes a lot of water in

production processes such as the rice
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cultivation (in-season and off-season rice),
sugarcane, and rubber tree etc. but generating
fewer profits.

The results present that the Petchaburi,
Ping, and East coast gulf river basins are the
most valuable of three sectors, respectively.
The service sector has the middle economic
value of water because one water unit of its
can generate GDP, greatly. The Bang Prakong,
Thachin, and Chao Phraya river basins are the
maximum GDP of service. They are the center
of tourism, government office, and service
businesses. Finally, the economic value of
water in the manufacturing sectors shows the
maximum values in some basins, where are the
huge industrial areas and the industry that
produces high GDP such as the automotive
industry and petrochemical etc. TABLE Il shows
that some basins are remarkable and inferior in
the agriculture, manufacturing or service from
the results of the economic value of water. It
can be a way to plan and solve problems in

accordance with current economic propulsion.

4. Conclusion

This study demonstrates the application of
the relationship between GDP and water
demand in the geographical information
system (GIS) and the economic value of water
in 25 basins. The methodology used in this
study can be well-applied with the GDP and
water demand calculation in sub-district and
basin levels. The results of studies show that
the GDP of the service sector is the maximum

values, and the economic value of water in the
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manufacturing sector is the most valuable.
There is the main economic driver of the
country. The GDP of manufacturing sector
mainly receives from the export, labor, and
taxes, and the most industries are the assembly
industry, which  consumes our natural
resources, and the products will be export to
other countries. The GDP received from this
sector is less than the service sector. Finally,
the GDP of agriculture and the economic value
of water is the least valuable because this
sector consumes much water demand, but it
produces less GDP. This study does not take
into account social issues in consideration.
Thus, it by no means implies water allocation
policy to be based on the calculated economic
value of water but the analysis demonstrated
can be used as a tool for the policy
formulation. Additionally, the procedures
implemented in this study can be used as a
guideline for increasing economic value of
water and water planning and management in

the spatial distribution.
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ABSTRACT

The objectives of this article was to study the suction heads of a thermal water pump with
steam system. The system consisted of a steam tank, condenser tank and feed water tank. However,
in this research we studied the suction head of 2 - 8 m for 10 hours per test. However, in this research
we studied the suction head of 2 - 8 m for 10 hours per test and compare the different with the
experiments of the water temperature in the steam tank, temperature in the condenser tank and
pressure inside the condenser tank. From the study we found a long beginning operating time. However,
for the next cycle, it might use less energy and had short operating time. When the suction head
increased, the total pumped water volume was reduced. But on the contrary the pumping cycle time
was increased. The number of pumping cycles then decreased. However, pumping efficiency increased
with the suction heads increases. At 8 m head, we got 112 kJ potential energy stored, 1.86619% pump
efficiency and 1,428 L pumped water and at the 2 m head: the potential energy stored was 40 kJ, the
pump efficiency was 0.66649% and the pumped water was 2,040 L. In conclusion, increasing the suction
head enhanced the pump efficiencies. From this research of the mathematical model were different
from the measured values by 0.7145, 1.8714 and 8.3831% for the water temperature in the steam tank,

temperature in the condenser tank and pressure inside the condenser tank.
Keyword: Mathematical model, Pump efficiency, Thermal water pump.
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vaeiuseiilnenss annsnguinldissiunid
2-6 m LLazﬁmUiz%m%mw%mﬁwa&ﬂuﬂm 0.028-
0.0489% é’qﬁguﬂmﬁw%mmﬁwﬁquiﬁ uazsLy
mmqﬂum'ﬁquﬁwsdamaimamﬁuﬂw%m%mw%m
ih WWuilmesszuuguihdedslediflddagudy
vunlugy Fanvuinflduszansamtudi 0.041%
mmsmquﬁﬂﬁﬁisﬁummﬁﬂ 3m WATSUUAINGTD
Feldanunsarauldedisdeies Fainldszuy
anunsoguinlfifisuAseulien [9]
miﬁi’maaqmwgﬁmauﬁﬁﬂﬁﬁmmmﬁu
GRIBIRRRT Imaﬁmumﬁqquﬁﬂ Haus 100-1,000 L
wuhansugayanAlifinsasunuvunuesds

guin windunuindeslduiuiaiivasiiuniniy
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mmumé’aquﬁw LLazﬂixammw%uﬁwLaé"ﬂgjd%u
AUVUIAES [10]

nsmaaesnisguindaeiidsled UTinnstigu
1h 240 L AIUANNITYINUMIEED finssranensli

P

w¥suanufeudelaihaudguindoumnd 97 °C
wazszUemLSousisemA Ussavisanduiinty
AINAINES 0.03, 0.09 Wag 0.15% fiszsuanudn Tu
miquﬁﬂ 1,3 uag 5 m Auddu iegmngd
wndenanasazifnnisauutiunisludeguinldine
Fu uazavldszevinanlunisszursannudeuanas
Fedwmafloadntosfiuussavanmdy fadunisléi
NaoldULNUNITILUIEAUSBUAIEDINA FLaR
SEULLIATINTITUIEANNSOUAY 87.5% wAn lildina
nsgmufuUsEansamduannin [11] msfnensesy
augslunisdaifrsuvusiaomisadnaians
Lﬁammqﬂumsdqﬁmﬁuﬁu USuamnuSouayay

LANAY VWA LFUTEANT AN 19AILSDUARNAIN Y

1 a‘a\ly

Uiy udgumgiunfounndnliazasdununinugs
Tunsdain [12]

n1sidguaniuzvesarsinanu Ingldgungl
919990 NAIDUAIVOIAITNIY LB U
nginssuveeuial lutianveanaidsuanius
Wule edeundnudly ualumisnssiudau
nswasuantuzvedlailuresnaifazaendsu

& ° .d' W v wa

ganu1 Wunisavuaielilduivesaudfinis
gaunnaf1ans1eIlodufIuazURINaIDUAIVD
wiwu [13] Juiiduimdeumeainuiougnussandly
v o o a a acv < &
fulgdnsusaduansdunidauwain nawnudulni
Wudnnisdenuisdmduunaindssnuniusou
el liaiuUsEansamnisinanuvesinging
g [14]

a1

U LATBIGUUIAMIENAIIUAIY

=

LSIAUATOUN

N9
Sounvuldmiaslethduduenna lalanusaguinld
sdssaiiios Fedfuauisedddadnwuazeenuuy

wUUINaRsAtnAansYeesEuUlRE N TaYineu
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I#oghadeiios uasfnvisziuarugdumsguin 7
dawansynusedszansamiuih Tnenisifinsiuau
faguih wagiiuvadwanlotlanusondaleth
\eanefunnudosnisvesletilussezia 10 h 7
augslunisguin 2 § 8 mlasi3suiiioy
WUUSIaeASAfIEns fuNINnasfissfuaL

gilunisguin 3 m

2. vpufjuazaunisildlunisinsziuuusians
NAUAAEAS
nsdsundanuanudeufundsnunalunis
q‘uﬁuw Tagorfen1sivdsuaniugvoa1svinay
Tuszuulnd Buannslieudeusvveunaiu
nanevdiule vielderniAunun uasndeidudieii
Tnanse azvinliiAnn1sAIuLUY LagtinAusu
guynantelussuy Fatugaildszuuaunse
QU’LEW”IHLL%ﬁﬂﬁWéﬁumﬁﬂLﬁUﬁﬂ’]‘&ﬂuisUU wazisu
wrruluseusely n1siwdsuaaiuzveniian
Qmmﬁ?qLnﬂé"amunmmﬁulaﬁw AIBN1TTELNY
(Evaporation) fin11fuussa1n1A edalasy

P a

NFRUANUTIUATANIUNTE N iiTqaLAen

q U
v

(100 °C) azshliuasuaaundulethetsinga
wrlunmanduiunisidsuaauglevhldnane dui
adunseranefvasnnudeudsluseuula Jaiin
ﬂ’]'ﬁQ‘Uﬂg’] fisenfuitgnguinas Tnsnisdnun
LUUIIaeIsAtinAaInsaelusunsu Visual Basic
for Application LUSsULBUAUNITNABBIIUITIAD
Vel
1A8LUUIIADINALAANERSIENINTUFUAS
Feseludl \lovihunenavesgaumgll ANNAUIIIL
50UN13991U V3nnstniiguld wasndanudild

Tunisguin sudadszavsandutime

NWp

1 = x 100% (1)

input
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Wy=V.pwgh (2)

& v
° °

Uszandnmmduiiainisamuwinlaannndaenu
Al&lunisguitdendssuiideulffuszuy
Feaunisii 1 ile Ny Aeuszansamnduih ) w,
fio wiauitldlunisguinseseu () N Ae 1wy
59U Qnpue AO wisufideuldiussuu (W) v, fe
ﬂ?mmﬁqﬂéf@iaiau (M°) pyy AD ATAITUNUILUY
2831 (kg/m?) g e Armasaiosninusslduds
voslan (m/s?) h A szduamgsluntsgui (m)
nslirudeusuilvdmanletivinlddnuasy
aouniduled nannsdeundsaudisyuy
Faaunnsii 3 Lwiﬁwé’amuﬁ'wehugzyl,ﬁaﬁuﬁ'nLmé'am
Fsaunsi ¢ uay 5 9] Insauyilvionmgivesves
lyanieludedidnviniu sluAnnisgadeaiuiou
fAn1nn1swinudeunieluds drunisgayde
A1U30UIINNITNIANNTBULATNITLNTIENBUBN

[

adlatdeeuindslilaviundn esanlaiuauiuy

SRUDIVINUA FIAANTAULEEANUSBULLBIINAS

LR

Y1AUSDUNUY

4(Tw)
dat

Qinput =my Cp,w +Qloss,ST (3)

Qioss,st = Qcona,st = UAsr(Tsy — T,)  (4)

_ki

U =
L;

(5)

Qinpue A8 d951IMAUNTauliiuTEUY (KW)

m,, A9 waauludwdnlow (ko) C,,, Fio AIMIINY

d(Ty) =

NS uveIdn (K/ke °C) o fe NARNIIY03

v
v a

gauniitnludawdnletnNdsuwdasiuan (°C/s)
Qross,s7 AD ST NEINUANNTRUNFYL A VDT INER
Toun (kw) U Ao dudszdnsnisgaideniiuiou
(W/m? K) Agp AofunsiANSauvetwantoun?

Viuawiu (m?) Te Ao gangiiludwdalotr (°O) T,

93

Ao guuugidwindeu (°C) k; A Ansihauieu
992UIU (W/m K) L; g A21unu19892u9U (m)
[15] nsiienvesdilsminudsuaniuziulen

fIANNISN 6

Qsteam = Mehyg (6)
Qsteam AD TNIINTABNANNTBUIINNADA
(kW) i, Ao S M5 58IMEURath (ke/s) Ay, RO AN
Audeuudsroinisiudsuaniuzaininiule
(kJ/kg)
auqawé’amumﬂuﬁa%’uﬁuﬁw doleduadeui
ddsgui asiAansisleundsanulituiigui
deloundariliiiuthuasenianieludeguin uay

gydenuseuiiagull Aeaunisi 7

— d(mW.CTTW,CT) dTcT
Qsteam - Cp,w dt + mCTCp,CT dt +
d(m, ,CTC , T CT
( . _— )+ Qloss,CT (7)

dt
Quoss,cr = Qeona,cr = UAcr(Ter — T,)  (8)

My, cr A9 WIaBIUNTURIGUUN (ke) mep D

118909098V (kg) My or RO WADINATUAUUN
Y g Y

v
N ' °

(kg) €y AR ANMINYANUTOUTDIDNAT UG UY
Toycr AD qmmqﬁmmﬂiuﬁﬂquﬁ’] (°C) Ter A©
Qmug:ﬁﬁaqufn (°0) Quoss,cr AD TMIINFI9Y
anufeuiigadslufiagu (W) A, Aeituiinisiin
Aru¥ouvesisguinfiviuauiu (m?) [15]
nsvhegangivesilufaguiivildain
aun1sf 9 wazthandumumanufuiiiatuluds
Q‘Ul}l’] Fsaunnsil 10 Auansmnuduiudvosgumgdl
fuamuduildlunisgui [16] veflsvuuiduguih

(ANUAUEYEYINA)

mv.CT(hg,T100 - hf,Tx) + my, crCyw (100 —
TX) + mf(hf'Tx - hf,30) = mehfg’Tx (9)
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1730.63

(8071311 555426)  (10)

P =133.32x 10

1ne?l T, Ao ounninay °C my, op Ao Wialoun
9 Y ’
Tutiaguin (kg) my,cr Ao 3@ ludsguun (kg) my
Ao wadmaedu (kg) m, Ao wIavewiNsEveduy
= v A ‘O’ o

18 (kg) hyr,,, A0 tBUTATUVBILOUT 100 °C (ki/kg)
her, AD toUNAUVDIUINQUUYUNEAL (kI/kg) Ay 30
Ao touviaUvestnaeidu 30 °C (kI/kg) hygr, AD A1
v a{' S < Qll
AMuSauLNsnInIsildsuaatuzanidnuleqn
gauninay (kg auni1si 10 Auduiusves

gaungiiuanuaunldlunisguin [16]

nsavdddeguin ausadwIulaainns

auna Energy equation fdaun1si 11

Py vi _ P v} v}

L H+ =0+ Ak A

Yw 229 yw Y 29 7S Zg( )
Vflow = Vi1Awbe (12)

P, Aim a1usunanUanevieguun (kPa) Py Ae

mméﬁ’uma‘luﬁagﬂmﬁ’] (kPa) H, — H, A® S¥AUAINY
H a < ~
gelunisauil (m) v, e ANUSIvesvatlvafivaty
vieguin (m/s) v; Ao AaSivesvetivaiinaiieg
guu (m/s) 1, Ao Umtindunizvein (N/m?) kg
a o a £ a H A o
e duuszansnmisgadslunisaudl Vo, ABdns
Y v Y

N15E1aU09U7 (M*/5) Agpe AD NUNNUIAAVD S
vioguil (m”) Fednsnsivavesinaruialaain
aun1s9 12 arursatluduiuseluaunisi 2
TumeuvesUsumsiiigularesey

NAAHULANANTEUINNITNAADY LATUUUINADS
N9AtAAEnS Useiiunanla RMSE (Root Mean
Squared Error) @LaAINaT0IAINUABIALARDUTDY

LUUINADINAINFEARS [9] A9t

RMSE = |Z=—F—— (13)
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1o Xp A9 A1999HAN1TNAADY Xg AD A1Y8Y

wuudaemuadinA1ans N As S1uiudeya

3. Janaunsaluazisnisive

3.1 Jangunsal

L. t‘ﬁquﬁﬂ (Condenser tank) NSIN¥UBNKLIRS
M9 1MUaNU 10 mm AuaidurIuAugnan
54 cm A23ge 89.5 cm USuas 204 L Yaniildsin
awudugdunsieinun 2.5 cm

2. faudnlen (Steam Tank) mssnszuan
wuweu Jandilivihdaduawnuaa vun 3 mm wuin

WuRTUAUENA19 30 cm 819 30 cm USums 21.19 L

'
o =

Yandldviauiudugedansieivun 2.54 cm

3. fauvaeidu (Feed Water Tank) n159n5zUan
s Janildidudunatafiniii@ wun 2 mm wue

¥ &

WEUrUAUINa1e 15 cm 811 20 cm YsHns 3.5 L

o

MaUNAU (WUU swing check valve) T4ussna

vauhAuANnsUnTn Tifuth

fuUasdnygyniaiusiu (Pressure transducers)
42901539 -14.7 £330 psi (0 §ia 5 VDO) gaunfilves
an99197u -40 89 125 °C wsadulindld o Fa 30
VDC

v o

fingunnil (thermocouple wire) type K 424

9 Y

1153 0 - 200 °C VUAFUHIUAUENAINYBRUIUTL
neuanuazn1elu 0.32 x 0.2 cm
wsestufingaumgiuaradnudu (data logger)
P23 sinnsaadaulniia 20 mvDC fs 50 VDC 2424
V8N TINgUMYi -10 £l 300 °C
S a Yy 1 L% a ’OJ =
T, Aogauunpiinuaineludwanloun Te, Ao
9 Y

gaunginiuvuasludminloun T, Avgumgl

auaneludsguin To, Avgaumgiinssnarsnely

@V Teps Aogaungiidnuuuneludaaui Ty fie

U

(3

a

gaumaiineludaivasidu T, Aeaamgiivetn T, Ao

P
4

unilduInaeN Uay P AoaduAuneludagui

)

Y
aguin 1

e
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Feed Water Tank

Ter Per
1
—Ters T, @
"—TCTz
Tp
Condenser|Tank
o TSTZ
d —Tcn o Tery
p
on Steam Tank

gﬂﬁ 1 funsnsindisgnin

3.2 8m7IvY

wé’ﬂmiv‘hmu%wswquﬁwﬁaaﬁwé’alaﬁ;ﬂ
Usznausie ramdnlethuasdusueinie 91eszune
1o Frvdeldu LLamiNquﬁ'] 9]

%29HAR b RUATTUAUDINA LSUA UM 1867

'
=

1 1 AU 118999 2 wagla 1189990 3 Weunlus
nanlaun@aussqun 16 Luazeinia 5 L 1a5u
AI1UTBUINLALKT FUNTENadlgungil 100 °C

ziinlanTuneludimanlonl waziadaurIuviadEs
1o wag 1183ai 1 lUdainuuuresdsguun wasdu

'
[ =

ANFUN

U

FUBINA BBNNIATUANNIUINAITIN 2

Feed Water Tank

omlerrser

Tank
Steam

Air Tank
i LLLEL

Pood [lpen}-é v,

-

JUN 2 Fremdalouiuazduduennia
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wazillelaurdudueiniaaieludeguiiauvua

wseunseitletizunuienianeludsguinla

'
a

nuA Ngaumngil 100 °C faguyl

Y

3 138NV}
PAINNTUIITUA 11889 1 NUaEIN 2 hazsln
¢ o A A v ¥ ' I v o S
1189697 3 wielidinaeidulvaidndeguinlu
USu1915 3 L (Pravidasdu)ndeudulea 1awan 3 way
ngalinufeududwmanleur degui 4 Weleud
gaundl 100 Cuaududivasifuiigungd

daandeu JuhbiAnnsasusiungludsguin WWu

gayeyInA warguinanuernuniulindsguinam

q

WY IRAUNTEIIANUSTUAE U UR U TE AU

'
[ e

AuAntunsgui fagudl 5 Wutansgui

Y

Feed Water Tank

O

Closed

O

l Condenser
|
|
|

{IE

(Tank

!
|
! Tank
!

— = A=

Pond

Feed Water Tank
Open Closedd V,
—pn [
18N
Water
Condenser
Tank
Steam
Steam Tank

Closed |-¢ v,
Pond ’

JUT 4 ey



96

Feed Water Tank

©,

I3n1INRas FHIATTiuYIantiu 3 L §961

v v
°

sedtueugslumsguin 3 m fsdidandnleth 16 L
Surhnisnaasdlaoda-Tand16139 aundnnis
W191uvesszuy Jufingungl uazalnudy
%U%mmﬁﬂﬁquw FLULIAINIINAGBY 1 5UNIT
9y WisuguiuwuuIaIsadaans
LL‘U‘U‘\TT@E]\‘I‘VI’Nﬂiﬁmﬂ’]am%%Uqu‘j’lﬁ’wﬁ’lﬁﬂ

v

lothuuusiaiios fvungauvniFusy 30°C A
Uunsimdodu 3 L Usinesthdewdnleth 25 L
faguih aum 204 L $1uu 2 & Tasmsguiindgs
gutsouay 1 &1 aduiu ileanaaufeudigande
anmswanlotifloduganisieu wasiiieudiy
$ruauseuluntsguinlifuinnty ssduagly
M3gUIN 2, 4, 6 uag 8 m SrazIATluNITILTEY
52UU 10 h iilefnmanudululsveamsyhauegig
soidlesvesszuy wazAnwmnudululdvesaiug

AIHARDINUIUTBUNITVIU

=b

4. WaN1VAABILAZIANTA
4.1 HanITNAADNUUSHULTIEUAULYYTIADIN N
AgInmans
a'1ﬂmﬁmaaqﬁsxﬁummgﬂumaguﬁw 3m
SLULLIAINTTNARDY 1 TOUNTISYINU LUSsUigU

gaumaiithludsmdnlen gamgiludsguin uagaiy
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v
° o o a

dunteludaguin AukUUIIaINIIALAAIEASA

Y
v

Wauluiediu dnadesalul

aauvnfinneludmdnloudiududiowinnig

9 Y

o v

Tindauaiufeufvuraugumgiuniududs
100 °C uagnyniailaaa1nA1ufuuITIeINIATN

AIUANYALABAYBINT ANAUNElusTUUITITag

v
' [ o

‘Ussmmﬂ‘ﬁﬁmmwaamqum NANTIINARBIVBI

gaumgiiludndninFouuTsuivuuudiasmis

@ d

ataAans duuildululufianiafedfudsgun

Wasnnnsgadsanuienluginislianuioud

a

dandnloun danlndifssiunisveaes viligaumad

TudandnlothiAaanrdastunismaan kasasnys

a
v

Hafigaumnil 100 °C Lo niAuiuUTIEINIAMING
yaLhenfigungil 100 °Clasiidn RMSE \winfiu

25421 wavilanuennaaey 0.7145%

120 4
& 100 )
(]
§ 80
o 60
o Tw Sim
Q 40
OE) 20 —_ — TwEx
|_
O T T T 1
0:00 0:30 1:00 1:30 2:00

Times (h)

JUN 6 navesgamaiitludamdntiseuseninenis

U

NAABINULUUIIADINIANAAERNS

v
a o

n3UN 7 Wegmmngiuinigludmdnleun

U

¥

diutuauds 100 °C 195’1%m§auﬁmajﬁaquﬁw uae
%’Uﬁummmaﬂamﬁﬁquﬁw lothillndoudiay
wanudgumnudeumeludsiuduauiialndidesiv
gaungfithaelufmanlot (100 °C) enafiiian
mmwmLLu'umﬂﬂ’jﬂaﬁwﬁazgﬂﬁﬁ’ué’uaaﬂﬂu‘mmf}’
quin uagndeandugamgiludaguinozanas
esannsvaeidulaenssanii lnefd1 RMSE

WiNfiu 6.0325 LLazﬁmfmmmﬂﬁau 1.8714%
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=

Temperature (°C)

0 T T T 1

0:00 0:30 1:00 1:30 2:00
Times (h)

JUN 7 navesgaumniiludsguiiseninanisveaaesiu

LUUIABINIATIRAERS

NN3UT 8 mmﬁuﬁamaﬂLﬁaqmﬂmﬂuﬁnquﬁw
WAnTsAIvwL vibAAnAINRUEYINIA Lasgu
tharnurainnunnugeRdaly aurruduniglud
guihldanmsniougeugdlunisguiildssuude
nyAgUN (-20 kPa) wagvigayiau nedien RMSE

Wihifu 8.1573 wavinumniedeu 8.3831%

20 -

0
-20 4
-40 4
-60 4
-80
-100 ~
-120 T T T 1

0:00 0:30 1:00 1:30 2:00
Times (h)

P Sim

— . — PEx

Pressure (kPa)

JUN 8 wavesnuauluieguisenitnsnaaesiv

LUUINADINIAINFARNT

4.2 HavesuvUTIaBINAdnmIans T UG
Fremdilouyudnlusi Fssduaamgalunisguih
2,4, 6 4ag 8m

milﬁémé’umaﬂqmmgﬁﬁwmaiuﬁamémlaﬁwuﬁa
100 °C \Jugrefildndeulunisldainudauuin
Fefudonassvesgangifiatioardmalindsnu
Aldlunislanudeuanas sivaztiu ndaend
sruulaviaulinas 1 seunisiieu ansle

aufeudriudmdnleuingungiiun 100 °C
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aunsavintrsuuYinauleagneseLled wariauiu

RUANSYNIIULMANTY N5LUSBUMIBULUUIIRBINN

'
=

AdlnAansluLiagsEauANgslunsguin Tutas

gauniineludsguinitugeuanlndifisaiugamgil

iludsndnlodnifumuandouauioussming
lothludendnlothiudeguih
Tngodendnmaunuiivesledhdusuoinieoen
21ndaguin aunszitanalediviunsviafy
Uinaswesdeguih (204 L) uandliifuinlifionnie
Tudsguin wesnnleviiigumgi 100 °C fraru
nikdudend10IN1A NTeluININeINIA Javinli
p1MAfdsegfuarsgniufusenaindsguih ey
nsmuuiumaslethinfndulurasfintsvdeifuan
guvnidndou nantuletilngysuins angud
9-12 Srurusouanasileaugafiunndu Ay
fdlumsguinfnanmsniuiiuvediednd 100 °C
waufuimaeidu ililedineludsguihgud
Anduaradugania sseznatlunisguihlus

LR

agspuartusgfumuildlumsgui A
Tunsguinazanaadionnuguiiniu 1Hosniia
n13gadeanudy wazganudsaniuvesvediva
maiuviaquﬁﬂ Lﬁammqal,ﬁummﬁﬁu ﬁaﬁ?ummqa
Tunsguihdsdmatusuauseulunmsguingae dad
wadall 10,9, 8 uay 7 s9v fiseAunugilunisgy

11 2, 4, 6 ez 8 m ANUAGY

g)\ 120 4 e 5T 20
¢ O T O F
= / aA9:an:011:1,k -20
I N 7] 1] / 4
3 80 i / 1 -'I ! :I A 1] ! _ ~
SR (T
g ibEFVEEERY .60 3
a0 4f @
S ¥ i - -80 4
go20 L -100 &
0 -120

0:00 200 400 600 800 10:00
Times (h)
JUN 9 nagaumaiiunludendnleun samaiiludegui

wazganuAuneluiaaudn Aanuasdunisaudl 2 m
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o 120 - 20

A W —. . —Tc P

" 100 o B ; e 0 -

S oeo | £l A ALAA A A A =0 <

£ FNE N S T | | R Ty

2 60 7"/ ! : |l N v

0 4 i Fe 60 5

Q a0 il r n

§ 5 L [0 §

= 20 -100 &
0 ‘ ‘ ‘ ‘ -120
0:00 2:00 400 6:00 8:00 10:00

Times (h)

JUN 10 wagaumiuiludandnlown aamaiiludsguin

waganuiuneludsguin Nenuaddunisauin 4 m

o 120 - 20

U [p— TW — .. —Tc Pl o~
o Y TTATATATATATATATHL. 20 &
3 80 4 i / I: / ! i :l 4 e_‘,
8 o /NI e
o aal P 60 5
Q 40 ! 2
£ ’/j -89
g 20 - -100 &

0 ‘ ‘ ‘ ‘ -120

0:00 200 400 6:00 800 10:00
Times (h)
JUN 11 wagaumniitnluds@aletn saumgiiludeauin

wazanudungludagu Anugdunisguin 6 m

o 120 - ~ 20

R W — .. —Tc P

; 100 4 y £===3 '—I' £==3 r—- r—| r——. -0 E

S s 4 /i HAHAE 22

= : . . ] ! I ;

© L L 20 e

g O A/ P LE Lk S

o ! ] 1 ] - -60 7
a0 4f - o

5 j IHUH U = 8

= 20 -100 &
0 ‘ ‘ ‘ ‘ -120

0:00 2:00 4:00 6:00 8:00 10:00
Times (h)

JUN 12 sagaumniiunluds@aletn samgiiludeauin

wazanudungludaau Anugdunisguin 8 m

ﬂ%mmﬁwﬁqumaamﬁy’ﬁu (10 h) 9zanaile
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