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Abstract

This paper presents the identification of brushless DC motors using the meta-
heuristic method. The objectives are 1) to find the most suitable meta-heuristic
method for their identification and 2) to test the identification performance of
brushless DC electric motors. The test results found that: 1) the three types of meta-
heuristic methods used included: adaptive taboo search (ATS), particle swarm
optimization (PSO); and intensified current search (ICS). The ICS could potentially
provide the best answer according to standard functions. 2) The identification
performance tests for brushless DC motors found that the ICS method could optimally
identify the uniqueness of various parameters and make available the least amount of
sum squared error (SSE).

Keywords: Identification, Metaheuristic, Brushless DC Motor

1. uni

vatnastiinseuansalsuuseanu (BLDC) Wunewmesddasiasianieiilanwue

= v A a 1 < [ I3 ) v 1 |

willsuiuAeiiuimanansuulanesuazuaatnamnes gninluussendldnusgawnsvaiy
WU B15ARan, Vusud, nuninug, n1sdukazeInia, wisdldluliu wasiaIosdlaln @4
yawmasiinnseuansalsuussanu dvalaSsuiiwiloninuowasnsyuansalundulsany
lnglassadiedinnuiseudte Gusedndangs nsvrseshwidesniniesainliiuuseiu
Aeasunmusiaaiineu danuiwazussdnfiginit (Moon, 2013)

n1sdnernawesiiiinszranselulssuaussynaldnuluaiusiieg lasegied
Uszansnniudnlueg98aiazfaadin1soanuuussuumuaNuenasiannsanauauains

& a Y 1 a A ' =~ aa ! A
Anusasusadalaegafiadiosnin JymegranilaninasanisoentuussuunluAuAad
AugsentuntsmamsiwesimugauietlUldiduwuudiaemneadamansuay
NAMDUANDIVDITLUUABUTU9AT (Saleh & Obed, 2014) diNanaAIURANAIALLUNITEBNLUY
sruuAuAunaliinadssnnlun1syiuildfwinnas Aalunisssyenanuaives

o w

¢ Y = a & 1 d' = & a o = A )
wowmesiiolildundsrimsfimesane) Muusaudaduddiddgydusgieds lutlagdu

v

LwIAANIIIEYeNanvalaesungasafnsudundunumdidglunuauiamnssundy
= I~

ag1aunflasmedanudangusonisidauiionumanaulaglduuiAnnszuIunsves

a

NOANTIUVRIFWIIANTONYANTTUNIEITUYIA (Sakulin, 2012) DWW MTAUNILUUAY

abu search) Nta: 1 T W 1 ) 3 1401 article
(tab h) AGNENNITAUNILUUT U NN BUIAINDY, NNSAUMLUUEIaUNA (Particl
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swarm optimization) TEMaNAITAUNIUNA@INITHUUHS, FULUANSanainiu (Genetic
algorithm) Touann1sn1snaneusarnsLaniUasutNEud, N1SAUMILUUNTZUALT TN
(Intensive current search) Touannisiadauivadnsewalnilueas, nsAumkuvsusay
§1a04 (Simulated annealing) Tduannislvmnuseuiulansudivassliduainiusssued
Dudu

U gj lﬂ’l& o aa U 6§ o U % U

AetiuuneuiadauedIsnsseyenanvaldmsunawasiniinssuansliuusau
MBS ETaRNallAAINIIITNe3H19Y YBaNBmaTNLAMUMINT AR d1UTU

wuuaemnadinaanslviiiauianaintesian

2. 9QUsLAIAYRINUITY
2.1 WIS nsiumdrsafniinunsauigad s ussyenanvalveuainas i
n3euansebiLusnu

2.2 \lenegeuUseansnmnissyyiendnuaivaswanasinihnssuanselfuusenu

3. ATUNUIEY
3.1 MImIsnsiwmdisainiminzauiiandusussyrendnualvosueinesluiia
nszuansdliuuseuiuogfetunatsuy Tasisnsumandiiainiuuisilelunisunly
Somiiemanesinouiifimugienuardureu Tudnmsguaniielmannisaumiiui
yosmmoulnnndfigamfiulule Bnsiwmdiaindeymedunansuuy Fluunennuil
Unaue 3 sUwuumeiulawn MIAUMILUUAIYRUTY, NMIAUNIRUUENOUNIA KAEATS
Fumuvunssuadadudu BnmswedFafnuiazuouiuainsniaUssansamainnisun
Ty InenserannaAun INUeIAINB UL IZELLIAINITIAINOY
3.1.1 MIAUMUUUAULGIUTU (Adaptive tabu search : ATS)
Junszurunsmeimeuiiionsandunsiiazillgaiminzanlaefinng
USUU399IN SR UMLUUANY A n51auLA adnoums erduned liinisdsaaliudn
ndunsdummneuaglivgnog Mneufiiangauiigauuuasiauianiziu (Ketthong,

2017) Fan it 1

[ '
A s

I~ a Y Y a P & a v
NﬂqiaﬁLLu’JﬂqiﬂUVqWUWIﬂaLﬂENLWE]LLmGU{jQJV'] LLU‘UNaNNaWULLa%VLlI LU LEU

(%
v A o

nalnnsUTumuIswuumyigaUsulitunaunisusuiivesseil (Adaptive radius ) kagn1s
AAnuwaa (Back tracking) WiaiduN1sLseNsEUIUNITMIAINBUANITAVENEGEIN T AIRBY

annzauladTy (Khalid, 2016)
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search space

back-tracking

positive peak

adaptive radius

adaptive radiug?

. (near) global found
AN 1 NOANTTUNTAUMARBUMIEAYEUTY

3.1.2 MSAUMLUURIBYNIA (Particle swarm optimization : PSO)
1% oAl 1% I = aa v A
n1sAuMAImIgaNaleEsounia lunseuIun1suileweisnsAumaAi
WNZANLUUNGNUTEYINT NTUgINVeISNsInes TNy Avesdditiniegsiuiuduyugy
Haun uazelauan (AOUF, 2017) Tnenisimdeuilagsiuiulumileundursaunialunishum
WM aN91A8N159198 91U NI BIA Lo uaTALLIUB IR YA IALNG LABIN DUl ua B oY

o £ d' A ) 1 1 LY N [ a
ﬂ’]‘lﬁu@Lﬁu‘VI’Nﬂ'ﬁLﬂﬁEJLI‘VIL‘LJ‘UE‘\!Q@Hﬂ’]ﬁG]EJVLUT\]Uﬂ’]’]T\WWUﬂ‘UWW]E]UV]LM&JWSGNW\‘]QWW‘VI 2

P o
o
o %0 ©
]
L Y (]
@)
‘ Search Space
(]
e° o
e 00O o0
° O 00 ¢
®e ° °
0% o
@ Particle
Target

(O Best Particle of the Swarm

A 2 wgFinssunsAunidvnemegteunIA

32.1.3 NMSAUMLUUNTEWETLINTY (Intensive current search: ICS)

AIAUNILUUNTEHATBTUT UL TUAT NS AL AL S AL AWMUIL1INIS NS

AUMILUUNTELa (Current search: CS) lagd i ugiuveang@nssunisinanssualbilqlu

<9
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1995 lunsiazanuBazendenannguivetnasveniinasinvenseualiinnlvanislu

1995 AN UNSERE NN N 99NN NLAEIAWRARININA 3

0<R<R.<....<Ry

>

.
current source

open circuit R=00
hort circuit R=0

—

.

A# 3 ngRnssunshravesnszialni

a3 nssualiliafilvadulunsazavivessasiiinesul stunsetue
AU udsAAudunuiisdeswinlusnsvualniiasd sluasnntuinduuazdiie
nsdARasAnTY (Short dircuit) Aarudiumuluandursdanduguduimnininans
WA2333 (Open circuit) Aaudumuluanunduasdanfuetiud anwgfinssunisinaves
nszualuiinfenandursastuiinuseuaiiourmneusuduidululsluvmssinisinaves
aszualiiudenuiuisasdals suadounisiniursuauanzd uazmnainssua s
anunsolaruluanviuldidefidnaudunuilmensauazisouaounsldfnoud
wangaNdian (Puangdownreong, 2013) dusuluddnsAumuuy I1CS unsiamniiiy
Usgavsnmlnefimsdiunssuiunisudusafiniséum (Adaptive radius: AR) wagnseUIUNg
USuA919LAEN (Adaptive neighborhood: AN) (Nawikavatan, 2016) NsAUMANTLNEEY
FeAEnsmBIsaRnt 3 wuutiuansadsutuReunsEUIUNSIATiEY (Pseudo code)
Fan i 4
3.2 NMsneaeuUsednininnisseytendnuaiveswanasiiinnssuanseliuysau
Wunszuviunsmamisdwesaie veseimneslaglduuuiiasmisadiamansnianain
vosszuviilfinanmsiumadeygansiudunnnaziownvesszuy fausidudedd
WUUTIADINNAMAAIEANSVOIUDLADS LABLUUTIABIN A AANEANS VINDLABS LT
AszuanselsuUssauidnvasiindesunemesiniinszuansoiiluifio s Dunemesia

UIA 3 WaNTanwaueN1saunaLuUans (Poonsawat, 2008) AINNA 5
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Initialize:
- Objective function ffs),s=(sy,55,...54)
- Initialize the search space ), Tabu list (TL), Search radius R
- Randomly generate initial N solution around s, within Q
- Evaluate ffsy) via given objective function
while( termmation criteria (TC) ):
Randomly generate neighborhood solutions s
Evaluate f{s ) via given objective function
Find the best neighborhood solution s*
if ffs*)<f(sq)
Keep sy into TL and update s,= s*
else
Keep s* into TL
end
if (local entrapment occurred)
Then activate the backtracking (BT) mechanism.
if (search closes to local solutions)
Then invoke the adaptive radius (AR) mechanism
to reduce R by adjusting R=xR, 0<u<1.
end
-Best solution found.

(ATS)

Initialzed:

- Objective function f{x),x=(x;x3,...x4

- Initialize the parameters ¢/, ¢2, Wy Wi and population size N
- Maximum iteration ifer,,

- Random initial solution x; within search space

- Evaluate ffx;) and set all initial position as g,_, = x, p., = {
while( i<=iter,,,, or TC (termination criteria));

Calculate the velocity of particle v;
Update the position of particle x;
eSS
Update g best = '\.i
end
Update i=i+1
end
-Best solution found.

(PSO)

Initialzed:

- Objective function fix).x=(x5.x2...Xz)

- Initialize the search space € and memory list ML(W, I';, =)=
- Maximum allowance of solution cycling /.

- Number of initial solution (directions of current in network) &V
- Number of neighborhood members n and search radius R, k=j=1
- Random initial solution X; within QQ

- Evaluate f{X;) then rank and X; store into(‘V)

- Let xg=X} as selected initial solution

- gfubnf:XmmF»\'a

while( k<=N or TC (termination criteria)):

while( j<=/a);

Random neighborhood x; around x; within R

Evaluate ffxy and set the best one as x*

if fix*)<ffxg): Update xp=x*, set j=1 and keep xp into Ty,
else Update j=/+1 and keep x* into I'yend

Activate AR by R=pR,0<p<1.

Invoke AN by n=an 0<ea<1.

end
Update Xycar=xg

Keep Xgopw into high level ML (2)
if 1{ X cat) =/ Xgiocar): Update Xgiopar=Xioea: end

Update A=k+1 and set j=1

Let xz=X}as sclected initial solution

end
-Best solution found.

(cs)

AW 4 STFaTiEuYes ATS, PSO wag ICS

i, R,

Va M

i, R
vy =24,

e, R,
Ve MV

ELONE

(4] T
E - 1
| n BLDC '. Mechanical F
I Machine i Load

A 5 1asauyaNewmes iihnTeansliuuseu 3 kg uudnaeaniang
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n1sesugMsvinumanainvesuenes aldsuiuuresaunIInAdnaansi
wanaeiy MTeTeiiasiiiileuvesnameiiarsanluguve saunisusaiuliings

AN (1) Foduaumsianzia A
v, (t) = v, (t) = R, (t)+L, % +e,(t) (1)

aunsadamansauduiussenImainadiuanus B iiianunedosiu

wsadalnanuazusaakilianilanssaunsn (2)

T,(t) = B,o(t) +J %—‘t‘) +T,(t) (2)

NEUNTN (1) wae (2) ausaasurswsadandwanininazusssuluirdrundu

I$luaunisi (3) way (4)
Te (t) = KTia(t) (3)
e, () = Kyo(t) (4)

aunsussrulniiluaunisn (1) anansadeulveglugunisudamivaslaluaunis

i (5)
V(s) =R,1,(s)+L,sl,(s)+K,w(s) (5)

wselausdimdniniluaunisi (2) wag (3) awnsadeulieglugunisulasantans

Ialuannsi (6)uax(?)
T,(s) = B,@(s) + Jsa(s) +T,(s) (6)

T.(s) = K 1,(s) (7)
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Naun1sn (6) wag (7) anwnsadisuluganuduiusivaunisnszualniig

AN (8)

B,®(s) N Jsw(s)
K, K,

1,(s) = (8)

wenaNiaunsi (6) uae (7) faamnsadeoussureiinlugUresussdausimianlii

AIFUNITN (9)

V(8) ~ Ky(s)
R, +sL,

T.(8) =K, 9)

a P a ° a Y A ¢
NFUNITN (5) D9d@uUn1IN (9) mmmmmLﬁuauimqiugﬂsuaqaumiﬂmmmam

Handuanslouveauawmas linnssuanselsiusanuasaunisi (10)

G (s) =) _ Ky (10)
P>V (E)  \(LI)S2+(RJ LB )s+(R.B, + K.K,)

\Hewhesyuuuamesgniuindeuaingunsaldidnnseiindids@aunsauszuio
ToelaHsnduatelousunui 1 (D. Kumpanya, 2015) feUUENAITLUUTIADIMNIAGAANERS

Youmes nThnszuanselsulsaau Navysaluansluaunisn (11)

Gp(s):(rtilj((L J)SZ+(RJ+LKBT)S+(RB +K,K )] =
A a a a v a v b M
Tefl K, Ao Amdnsasveeasd

T Ao AaidsesvENead

B, Ao duUsEavsusadoaniu

R, AD ATANUATUNIUIAAINLBLADS

J Ao luwusanude

= ' =

L, fio AAUmteInaIALBINES

Ky Ao ALSIUNAIG
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K, fio Ausuadaulnifungu

' (%
o w v

AUNITHINTUANETBUUTENBUAIENISINLHDSTNANALIVTINUA 8 HIVDIUDLHDS 71 b0

<

dmfuszyondnualamsiinesfiisnsunigiiafinie 3 sUnuy dunounisey
ndnwaiuewmed Buanifudeyanansmaaeunuifiseunemes linszuansaluuss
durLIusIRY 24 Thadil 2,400 soudeundl AmuauRuUesAUTEINaNad YA uATRea
TMS320F28335 fanwdl 6 Intuvinissyiendnualfeuuusaessadinaansileddu
deleundndIsuifisuszninsuvuiiassitldvinsseyendnualfuuvudiaesdldviinig

gl ANYAENIEUIUNMTIBYLNANYAILUU ATS, PSO Uag ICS UansfisnIng 7

Computer BLDC motor Digital Scope \!

W

Rpm Measurement

Switching
Power Supply

DSP
TMS320F28335

a s
AINN 6 ITVUATUANLBDIANBDT

BLDC motor

V() /

Mathematical model of

BLDC motor

[

Parameters

K, K. K, L,J,R,B, 7,

I

ATS, PSO, ICS

MWA 7 Msszylenanualiig ATS, PSO uag ICS
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4. NanN15IY

4.1 wanInAsnsnBTafnimnzauiigadmiusryendnuaivesuoinasluih
nszuanseliuussau lnevinistaussans ammainnisun Ygndeadu laedasiziain
@mmwmaqﬁ’mauLmzazammmimﬁmauﬁdﬂ 3 sUWUUAD MIAUMLUUMYESY, N3
AuvuuUgseYMALasMsAUmMUUUNsuadadudy Sddduileidunmsgidieuiisudio
YAABUR IS 1 WagvadeUaLTIaULMIRUMAMADULAYERIIN TG IR ULUY

ICS PSO wag ATS melusunsy MATLAB §anwil 8 — 9

A15199 1 AeAdunnsgu

laridu AUNNTUAZVDULIANITAUN sULUY 3 A
HIAIFTU
Michalewicz( | min
MF) f(x,y)=—sin(x)sin®(x* / z)-
sin(y)sin®(2y? / z)
Subject to
0<x,y<3 .

Schwefel (SF) | min

f(x, y)=418.982 - zll(x sin )

Subject to
—500 < x,y <500

(ATS) (PSO) (ICS)

a d' el' 19 o ¢ o . .
ANH 8 NNSLARBUTNVBINITAUMIAINBUT AT Michalewicz

NN IAlUlagena N ITULAEIAINTTH WNINEFETUAY TiuaaIns Iy
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b ) e} ) W M ) )

(ATS) (PSO) (ICS)

AN 9 NSLAADUNVBINITAUMAINDUNIATU Schwefel

NANISNARDUANTTAUTVDIIT NIAUMAIT s zaud and18TUsunsa MATLAB
fsrunAInITILETlunsAmouT LAY 100 50U thuanmsvaaeuiildinniieudieu &
M99 2 umsAumuuL ICS dnanmamneuiiafigalnegaindvesilediduingUszasd
Afniivesiian Fsamsnineriidinanlvldlunmsszyendnuaiemeslninnssuansdls

wUsaaule

M1319% 2 NaN1INAFRUTeiTuNINTEIU

Hendugnnsgiu | wisdwes FULUUMSAUM
ATS PSO ICS
Michalewicz f(x,Y) -1.560 -1.713 -1.801
X 2.192 2.126 2.202
y 1.652 1.574 1.570
Schwefel f(x,Y) -7.852x107 -1.805x10° -2.352x10°
X -4.238x10° -7.170x10° 1.319x10°
y -4045x10° -1.092x10° -1.108x10°

4.2 nan1sveaeulsEanEnImnIssEyenanvalvaawmas iinssuansliuusanu
LMAIMIENTH19Y Yosamaslagirun JULUUNTAUNILUURIYEUTY, N5AUNT
1 a Y v (% al' = g v 3
WUURNDUNIALAZNTAUMMUUNSERaT AUty denmd 6 Faduluauilanduingusyase

Aeannisn (12) Tned £\ JuaildanmsuiouiisunnusmenesannanIsingeussuy

[y <

73at) AuANLSINBLABSTLAINLUUTABY C()*(ZL) Naﬂ’liL‘U%EJULﬁ&JUﬂUWNL%’JﬁQﬁ@Qﬁ’JUQ%

0o g va 1 o v d' = o Y1 a PN o ¢ & A
ﬂﬂ‘i/ni%llﬂ']‘l/]u@ﬂ‘l/la‘m 65\‘11/]’]11;1‘1@?’171/]Lﬂmqgaqu@]sﬂ@Qﬂ"ﬁﬁguL@ﬂaﬂ‘@m@']QJGU@ULﬂJWWUWﬂqi

Y

v =

AUTNNINUALIRIAUNNST (13)
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fobj = i[w(t) —w (t)] (12)

i=1

0<K, <20
0<K, <1
0<K, <1
0<L, <01 (13)
0<J<01
0<R, <20
0<B, <1
0<r,<05

N15Us2gnAlTNITAUNILUUAIYLTIUTY, NMITAUMILUUEUAIALAZNITAUNILUY
nssuaadudy dmsussyendnvaliowas BLDC WanAmisdmesnmaigaulavinnig
lUsunsundg MATLAB via1uuuaI adaauialnesnintigussauiananats Coreis-2450M
AMISIFY IR 2.5 GHz Snheaudmanyila DOR vua 6GB laglddeyaninusy

A ' o % ° ° % 9 a
59U 2,400 58UADWNT AMAUANITAUMIAINBUIINIY 100 58U FILARANITNAADUAININT

10-12 wazAIYRINIIEABIA1IY NAINNITTZULLNANBAIRIRNITIN 3

BLDC Motor Identification 2400 rpm *x10

3000

error
2500 . -4 sk
a u . i ! i
I I

ﬁnnﬁ
0

L L L L
025 03 035 04 0 10 20 30 40 50 60 70 80 90 100
Iteration

(n) N3sEYLeNNYl () é’mwmi@:ﬁﬁmﬁmau

AN 10 HaNISNAADUAIY ATS
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BLDC Molor Keskcation 2400 rpm

|
-n-'-'"-r‘ ' !
/
/
?\\ i‘fw*""" . . . . . A
(n) MIsEYRNaNYa] () dnsmsgeinmAney

AN 11 NANSNAFBUAEY PSO

BLOC Motor intcation 2400 rpm
3000

rrrrrrrrr e - : \
"
(n) M3TEyLeNanyal () dnsMsguinmAney
AW 12 wan1smeaeudig 1CS
M51afl 3 Andnesvesemed ldanmsszyiendnual
Wsdnes ICS PSO ATS
Ra(Q) 18.6987 8.4903 2.8975
Lo(H) 0.0632 0.0847 0.0154
KH{N.m/A) 0.9675 1.1042 0.8062
K, 11.1648 15.7513 12.1016
7(se0) 0.0278 0.0731 0.0189
Jkg.m?) 0.0001 0.0211 0.0010
BN.m/(rad/sec)) 0.1527 0.8648 0.9995
Ky(V/(rad/sec)) 0.8775 0.7875 0.6530
SSE 585.48 740.41 886.80
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NnHanIMadeUTEyendnuaiueinesliiinsruansdliuseudnmi 10 -12 oz
UsENaudiunansszyenanualuazdnsinisgidmainey n1sseyenanualidunanis
LU%EJULﬁHUiswdwamaﬁlﬁmﬂmsmaawawama%ﬁ’umaﬁlﬁmﬂmiisqLaﬂé’ﬂmﬂﬁ’w ATS,
PSO waz ICS nudngunuumsAummmeuse ICS aglinanisseyiondnualilndidvsiuna
fildannismaasuneinosinniigalasiiivessanidsaesniuaaiandou (sum-squared

error: SSE) agil 585.48 Fstfeunin ATS wag PSO

5. @yunauazn1senusena
5.1 MIMISMswadTafnivanzaunandmsussylendnualvesuawmes bl
nszuansaliuyseu lagnseuiunsAumIsnisimasainnimun 3 sULUUAe n1sAum
WUUAMYLTIUTY, NITAUNIRUUEOUNIALAZNTAUMIKUUN ST LTNTY wudnllalan
i Al d' v ¢ o . .
NIEVIUMIIATIMINTaNNgANIMAdauNU N TUNIASEIU Michalewicz uag Schwefel

4 £ § o

frensdumuuunszualf adudy ldnanismdineuii A galnogainAivesileddu
Tnqusrasad e tosiigadsannsaldidunueilunisinsandonioldlunisszy
londnualvesemesingandianld

5.2 Msvegeulssansainnisseyenanuaivetawmasinitnseuansaliuuseanu Tu
SumpuinaaeuRUNBmeTILIALTIRY 24 ThadiiAnana 2,400 seusounit Tneldmsdum
WUUATYLUULEIUTU, NMSAUMIMUUENDUAIALAZNITAUNIMUUNTERATUTUTY WUTINTT
Aumuuunssuadaduduazlinanisseyiendnvaivewelnosinigalnedmnasiuidsaes
AmnueaIALAADL (SSE) Atfeeiian dsmalilirvesmafinesilndiAssiunadildainnis

NAADULDLNDS
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Abstract

This research aims to: 1) study the formation of colors, lightness, and color values
of product textures after being fired with different oxides; 2) examine the marble
patterns of pottery with different clay texture layer arrangements and 3) investigate
the marble pattern of pottery products molded by a wheel throwing using different
molding periods. The research was conducted using a purposive sampling of stoneware
clay mixtures with oxides including chromic oxide, cobalt oxide, and ferric oxide at 3%
concentration by weight. The clay was arranged in layers and in coils, and the molding
time was set by a wheel throwing in every step for two-time intervals of 5 and 10
minutes. They were fired at 1230 degrees Celsius in oxidation. The results showed that
both layer- and coil-clay arrangements produced similar marble patterns. The
appropriate molding time with a wheel throwing was 10 minutes. The suitable formulas
were 3, 4, 7, and 8, with arrangements in 4 and 6 layers of alternate colored clay.

Keywords: Marble products, Pottery, Oxide
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Abstract

This research aims to develop a semi-automatic wet tamarind briquette machine
to remove the limitations of the time-consuming traditional labor-intensive briquetting
process (average 55 seconds per piece), producing unevenly briquette-shaped
tamarinds. This briquette machine employed a pneumatic system to control the
pressure of four plates toward the workpieces, ensuring the formation of the desired
shape. According to the test, it revealed that the optimal pressure of 600 kPa resulted
in briquette production in a mere 7.79 seconds per piece. This represented a
remarkable increase in efficiency of 5.87-fold compared to manual labor and required
only a rapid payback period of 1 month and 1 day. Regarding user satisfaction
assessments, they consistently yielded positive results in all aspects at a good level.
Therefore, it can be concluded that the briquette machine develops as a viable
replacement for traditional methods in community-based businesses. The research
findings not only addressed the inefficiencies of conventional briquetting method but
also showcased the advancement of pneumatic system integrated with the
enhancement of both speed and consistency during the tamarind briquetting process.
Keywords: Semi-Automatic Tamarind Briquette Machine, Sour tamarind, Briquetting

process
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Abstract
This study focused on designing water strainer plates for producing water filter
tanks in the industrial sector. The main issues included difficulties in manufacturing
strainer plates and problems related to incomplete welding and inadequate painting
of support strainer plates. To address these challenges, the project conducted an
analysis using various tools to identify and solve problems. This project employed a
finite element analysis method to design strainer plates that resolved the mentioned
shortcomings. The result showed that the development of strainer plates using a flat
bar type (Type-3) with a beam structure had the lowest displacement value, cut
production time by 12% and material costs by 25%. This project could potentially
elevate the industrial sector to produce water filter tanks, resolve the identified issues,
and improve their manufacture.
Keywords: Simulation, Strainer plate, Finite element method, Filter tank, Pressure

vessel

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 182

1. Introduction

A case study of M.P. Phan Ltd., Part. (1987) of the tank production process
revealed problems with the strainer plate component in the manufacturing of pressure
vessels, steel tanks, stainless steel tanks, mixing tanks, and water filtration tanks. The
problem was analyzed using Why-Why Analysis, Fishbone Diagram Analysis, and Flow
Process Analysis are shown in Fig. 1. It is a tool for brainstorming to find the cause of
the defect to find a solution to the problem and propose a solution to the problem
and action causes of the defect in the Tablel. which revealed several key findings:

® Finding 1 revealed long production times due to the complexity of the process

of strengthening the water filter.

® Finding 2 revealed problems from construction due to incomplete welding.

® Finding 3 revealed problems from construction with regards to the paintwork

of the strainer plate that could not be painted thoroughly because the space

under the strainer plate has a limited working area.

Materials Method Envioment

 Welding

Electrodes Welding Process _— Narrow space

Work

Base Matrial Drawing

confined space
Welding
Defects
Welder i
Qualification Welding Tools
Welder Welding
Skills Equipment's
Personals Machines

Figure 1 Cause and effect diagram of a welding defect

As shown in Figures 2 and 3, strainer plate paintwork must be revised frequently.
Therefore, this research aims to study the design of the strainer plate used inside the
water filter tank (Vicharnat, 2013.). The Finite Element Method (Gao, 2007.; Wang, 2011.;
Cao, 2014.; V.N., 2006.; Li, 2014.) was used to design and simulate a strainer plate that
is strong through production standards resulting in quicker production, reducing

production steps while still producing quality products, and passing recognized
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production standards in the process of manufacturing water filter tanks. The organizing

team, therefore, have produced a concept for the design of a water strainer plate to

solve the identified problems. The results of this analysis and design have led to the

actual production of strainer plates having a positive impact in the industrial sector.

Table 1 Propose a solution to the problem and action causes of the defect.

Cause

Recommended Action

Welding Electrodes and Base material

According to the WPS or project

specification

Welder Skills and Qualification

Selected welder from WPQ (Exam. passed)

Drawing and Welding Process

Details of weld joints drawing

Welding Equipment and Tools

Preventive maintenance

Narrow space and work confined

*New design of the supports of the water

Space

strainer plate

Va STRAINER PLATE

Figure 2 Strainer Plate
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Figure 3 Defect Under the Strainer Plate

2. Research Objectives

The aim is to improve the strainer plate fabrication techniques used in industrial
water filter tanks and achieve high-quality production. Creating an optimized,
shortened production time and optimized cost strainer plate design involves
addressing manufacturing challenges, incomplete welding, and paint defects using

finite element analysis and other problem-solving techniques.

3. Research Methodology
3.1 Type of Strainer Plate Used in Experiments

In this study, the water filter tank had a diameter of 1,000 mm. and used
ASTM A36 grade materials for construction. The designs of the strainer plate used in
the experiment were divided into three types. Type 1: column type strainer plate (Fig.
4) with a thickness of 12 mm. and 4 pipe columns with sizes of 1-1/2 inches x length
300 x thickness 4 mm. This type of strainer plate is currently in traditional use. Type
2: thickening type strainer plate without reinforcing beams (Fig. 5) with a thickness of
20 mm. as a new alternative design approach. The design and calculations for the
thickness of this type are described in the next section. Type 3: flat bar type strainer
plate with beam structure (Fig. 6) with a thickness of 12 mm., assembled with two flat
bars FB75 x 15, as another new alternative design approach. The strainer plate

thicknesses used in the three experiments were written as 3D models from the Solid
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Works program (Venkatachalam, 2016.; Wang, 2011.; Zang, 2013.) to analyze the
strength and deformation values using the Finite Element Method. The components
from the Solid Works simulation program (Chang, 2015.; Urdea, 2018.; Shinde, 2022.)

for the strainer plate are shown in Figures 4-6.

b

l'A IA'\
Figure 6 Strainer Plate; Flat Bar Type with Beams (Type 3)

NIaFINswaluladonamnIsulayiaIngs IIMeae v iyaaInsI
U 6 atun 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 186

3.2 Calculation of Strainer Plate Thickness Without Reinforced Beams
(Type 2)

Calculation of the thickness of the Type 2-Thickening strainer plate (without
reinforcing beams) was conducted according to the standard method outlined in ASME
Section VIII Division 1 UG-34 C(2) [14]. According to Equation (1), the strainer plate
thickness of Type 2 can be calculated from the following variables: t = thickness, d =
diameter (1,000 mm), C = 0.33 (as in Figure 7), P = internal pressure (1 kg/cm?), S =
allowable stress of ASTM A36 grade material (1,167 kg/cmz), E = Joint Efficiency, (1).
From the calculation according to Equation (1), the minimum thickness is 16.8 mm.,
and the corrosion allowance is 1.5 mm (ASME, 2011.). This will obtain a minimum
thickness of 18.3 mm.; we chose a thickness of 20 mm. as materials of this thickness

can be found in the general market.

t = d\/CP/SE o

'Lj\\iv:]ts;y&

NN\ 728
A8

Figure 7 UG-34 Sketches Circular Covers, C = 0.33m

3.2 Finite Element Method (FEM)

Strength analysis of the 3D models, generated by the Solid Works simulation
software (v2018) for each of the three strainer plate types, was performed using the
Finite Element Analysis Method to determine static force as a case study to analyze
stress (Von Mises Stress), deformation and displacement, and the safety value (Safety
of Factor) that occurs with each type of strainer plate. The following steps were

performed for analysis:
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1. Set the properties of the Static Analysis, 2. Determine the properties of the
workpiece material. (Applied Material) ASTM A36, 3. Set fixed variables such as the
geometry of the tank wall and body as well as a solid composition and solid body
type of the components. This condition of Fixed Geometry the actual installation is
shown in Figure 8(A). The model and the physical strainer plate are fabricated using
ASTM A36 Steel, known for its 3,314.08 kg/cm? yield strength and 7,870 kg/m? mass
density. Acting on the strainer plate in the filter section, a perpendicular force of 1
kef/cm2 is applied. The model considers the earth's gravity to be applied to be 9.81
m/s2, as shown in Figure 8(B). The analysis type is set to static, and a standard solid
mesh is applied, utilizing four Jacobian points and an element size of 21.9, 21.5, and
22.2 mm, respectively. The tolerance is configured at 1.09, 1.07, and 1.11 mm,
respectively. The mesh quality plot indicates the high quality. The model is comprised
of 72,843, 65,849, and 65,452 nodes and 38,558, 33,752, 32,870 elements, respectively,
and the maximum aspect ratio is 29.9, 17.5, and 18.8, respectively, the created mesh
was shown in Figure 8(C). The program automatically executes the processing after the
element decomposition is completed and displays the results of the model's

calculations in colored bands.
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A

Figure 8 (A) Fixed Geometry, (B) Pressure, and (C) Create Mesh.

3. Results and discussion
The experiment results obtained from the Solid Works simulation software
include, for each type of strainer plate, values for stress (Von Mises Stress), deformation

(displacement), and safety (Safety of Factor). These results are summarized in Table 2.
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For the Type 1-Column type strainer plate, it was found that maximum stress occurred
at the area of support and the tank lid with a force of 1,182 kgf/cm?, and maximum
deformation occurred at the center of the strainer plate with a value of 0.89 mm, as
shown in Figure 9. For the Type 2-Thickening type strainer plate, results showed that
the strainer plate’s maximum stress occurred at the tank wall with a force of 919
kef/cm? and the maximum deformation occurred at the center of the strainer plate
with a value of 1.41 mm, as shown in Figure 10. For Type 3- Flat bar type strainer plate
with beam structure, results showed that the maximum stress occurred at the beam
under the strainer plate with a force of 1,189 I<gf/cm2 and the maximum deformation
occurred at the center of the strainer plate with a value of 0.60 mm, as shown in Figure
11. In analyzing the experiment results, it was found that the highest stress force that
occurs in all three types of strainer plates does not exceed the yield strength of
2549.29 Kgf/cm?, indicating that the plates could bear safe loads; the deformation
value was highest at the center point of the Type 2-Thickening type strainer plate and
the lowest deformation value was in the Type 3-Flat bar type strainer plate with beam

structure.

von Mises (kgf/omA2)
116281

URES (mm)

108438
L 98589
o
L1891
| 6908
59134
@
L
T

19798

9348

100

— P el sengt2s2s
Figure 9 Type 1-Column Type; Von Mises Stress (Left) and Displacement (Right)
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URES (mm)

Von Mises (kgt/cm*2)

91939

(03]

. 68354

766,16

. 69
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00
L N o

2985

. mJ‘

152t

von{Mises (kgt/cm2)
11802

. 109063
L 83153

. 89244

. 19338
63426
595,16
496,01
396,98
L 29189
1879
9370
061

_} Yield strength: 2,543.29

Figure 11 Type 3-Flat Bar Type with Beams; Von Mises Stress (Left) and
Displacement (Right)

Table 2 Summary of Experiment Results

Factor
Von Mises Stress | Displacement
Strainer Plate of
(Kgf/cm?) (mm)

Safety
Type 1-Column type 1,182 0.89 2.16
Type 2-Thickening type 919 1.41 2.78
Type 3- Flat bar type with beams 1,189 0.60 2.14

The experiment results, as seen in Table 2, showed high stress force on the Type
1 strainer plate and Type 3 strainer plate; it was found that the p-value was equal to

0.51, greater than the alpha level of 0.05 (p-value > 0.05). There was no significant
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difference at 95% confidence and the Type 2 strainer plate had the least occurring
maximum stress. When considering the effect of the deformation value, it was found
that the Type 2 strainer plate had the highest deformation value. This may be
attributed to the fact that there is no support point to help strengthen the strainer
plate. From the experiment results of the safety values on the test specimen using
one-way ANOVA analysis, it was found that maximum stress was on the Type 1 strainer
plate and Type 3 strainer plate with the p-value equal to 0.25, greater than the alpha
level of 0.05 (p-value > 0.05).

The process involves implementing improvement guidelines through meetings
with pertinent production process working groups, conducting improvement trials with
a focus on the production process, and maintaining ongoing monitoring of operations.
Therefore, evidence suggests that the Type 3 strainer plate is safe to use and can be
applied for use in real production in the industrial sector to create water filtration tanks

(Figure 12).

Fig. 12 Type 3- Flat Bar Type with Beams Used in Real Production in

the Industrial Sector

However, the results indicate that the Type 2-Thickening type has a material
weight of 200 kilograms, while the Type 3-Flat bar type with beams has a material
weight of 150 kilograms; this represents a 25% reduction in material weight costs. When
comparing the production time of the Type 1-Column type with Type 2-Thickening
type using 33 working days compared to the Type 3-Flat bar type with beams using 29

working days, the results show that the production time was reduced by 12%.
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5. Conclusion

Using the Finite Element Analysis Method on all three models, the maximum
stress (Von Mises Stress) force, deformation value, and safety value were computed
for each of the three types of strainer plates. The Type 3 strainer plate, with the beam
structure, was determined to be the optimal new alternative design approach for
strainer plates, with a minimal deformation value and reasonable maximum stress
force and safety values. The experiment results showed that there was not a significant
difference in the computed values between the traditional Type 1 strainer plate and
the alternative design of the Type 3 strainer plate, used in the production of water
filter tanks. There is evidence from the experiment and real applications that the Type
3 strainer plate can reduce cost in materials by 25%, help avoid messy work, and allow
faster production times due to the area under the strainer plate being much more
sufficient for work. These solutions can lead to better work quality and quicker
delivery. The production time was reduced by 12%. The Type 3 strainer plate can be
readily applied in the industrial sector, producing strainer plates of high quality that

still pass production standards for the manufacturing of water filter tanks.
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Abstract

This research aims to address the problems caused by the original plastic bag
packaging, which exposes tamarinds to sunlight and air, affecting their color and quality.
Researchers in collaboration with the community have collaborated to develop
standardized packaging for compressed wet tamarinds. This includes a standardized
attractive appearance, clear product labeling, and user-friendliness. The Kansei
engineering principles are to identify the product's structure and physical
characteristics. Based on information from experts’ product design and consumers, the
selected prototype packaging design demonstrated a strong relationship between the
independent variables and the dependent variables of the packaging. The majority of
the population expressed positive attitudes towards the product's characteristics,
including a rectangular shape, the use of foil to wrap the inner product, and the use
of dark-toned paper with food-related illustrations on the exterior. The average
multiple correlation coefficient was 54.34, indicating that these characteristics could
lead to design and develop packaging in a tangible manner. The compressed wet
tamarind packaging outcome not only satisfies consumer needs but also stands out in
the market. This highlights the potential of Kansei engineering to upraise packaging
beyond mere containers and establish it as a crucial strategy for community business
success.

Keywords: Kansei engineering, Sour tamarind cubes, Packaging design

1. unidn
wzvnndunaldidesfounarinasugiafiausamizugnlauinlulszmealne
Tnganizuzviuier waldsauniluuwsiaudiAgniuasygia mesanfiendndnu
& [ ! o v = 1% [ a
wgvusgnanadudidsenevdfgluomsive alausngeglunainvansuysendey
W Aug dudan wagaulads Useimalngaseddunuantvedaly 5999 nduiy Tugiue
AHAnuzTeY lussazUuzviudienanlvedieenluialan natavanae Ju qUu
Feauu uwawinn @nnmelsy wazanigasni (nsudvnisinens) ansgewsn feilunain

deoonuzviulnendiAy Inunnizuz I eIlnusTINa s NIUUAALAZLUULAY

(%
a v A

wenanfaiiuzvnuussy wu dingvulendutu ugsvlenuis uaziiuzuu lnglud

2567 U3EN McCormick & Co. §nylngjiaaunalazinioaliesaanansys Usenali

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 196

"wzy” \usanfeeniouuisl manandnde 53Lﬂéjm%aammwd's&Jﬂizéjuﬂizmﬁusa
N3¥AUANBEINEIMT (@runnuduasunsaluielsema o upsanln, 2566)
ugyUIsamalivuudsiiaunsognldlunnaniniy sausfiuiisvauisugivigs
Tnanandiuunn uazanansadieldvainuaissuuuy adnau Hnan viewdssuidu
uzvLgdy awnsaadeneldliinuasnsiade 24,364 vinsiels sedununTHARTBY
11,023.83 v lneAndugnsmansuununisamugeisfosay 121.01 (Unna uazAMe,
2565) wiugrisaazadeneldliinumsnigs uilassluinuasnstousmineusealy
sUuvuiindu deyannianfagurunguerdnuusgUnsumesinng wiklugusenounse]
UgnugauiIenelnluimdamesysal iwglidiuin nandausrauiodnlg Sovay
70 Smirgluguuuuiindu Tusianieds 17-20 vndeAlansy diudesas 20 Srminelu
sUuvunzauiingn lusiaede 23-30 vwsieflansu fiwde Sevas 10 Wunzrwiinninse
lsiannsadmield iesanivmnmdnliiduiidesnisvesnan
mwmﬂﬂéﬁjﬂLﬁyammmLU‘%&JaﬁmﬂmimmLLUig‘ULﬂuwﬁmﬁmsﬁﬂmﬂwmagﬂLLUU wilslu
fufensrunden Faudunisulszuurrmlimaniignuds dimdnoenudriududeu
mniuthlsuefuuuelbiedestuseariliugnumividuuddu udluthgtuiusznoy
fugnugundieldueatiulanmalunsimendnuzanndToilndniinninsaunuussuidy
wAnSusuzamdendatoufiodiuyac Tnsthidougruisaikunmsiiuiaoonudaly
ousnTolsn uariuasiigungd 50 °C deulufiuliidutou Ssfefveswzumdedoud
fiautufivualndiAsstuguouiidadmieluriesmatn azansonisldo fléannsnii
ugaudendateudsluinion Mdanfes 5-10 Wit aunsmiluugsemsléviui an
augsenlunisiniutnndvuidgmiludagduuzaudadeuiiongninivinud du
desnnussdaeitagtudugawanadinie vilvuzudulatuuaunn enie LATAINTY
Tnomss dssasioduazamuninesuzey vilduzauasuduasilvuzsuasudidon
A miilonaHuly %’!ﬂumm%ﬂmwmé’mﬁauawq@lﬁammﬁu \inufnseneendindy
yilisavAasuly sudeussgdaridegiuliduasgu liaunsatestuuzvimainnis
nssunnviserdemesu I anlenalumsilusmiedsituiivhlng uay AT
famidaguiisudnuaifieuiieliaunsafsgaauaulavesgninle
Mndgmdsnannguiamian Jsfinudeanisiudsusudnualussed asius sl
WauUssiuguzvmsaneulvlinnsgu Usnwalussydaiuiaula awsafgeniny
aulafugndnngulus il everslemauazdemisnissmuneg 1wy Srusnevesinaaiud

Viouled $1uAUEN YSTeEsINAUA INANUABINTAINA1IANEERIE IMANLYINIINTT

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 197

[ (% L3

sonuuulneUssgndldimnssudue WussdouiBiannndndueifsiaudifyisviades
Buannisudamnuminevesanuidnvesiliifieudaliiusuyssemiiwesildlunms
ponuuUdsiuysiilddandonlostumanovauasdernudiosnisvesdlindndug gniaue
Turfausnlag Nagamachi (1999) ndwnsvndgdu lasuiseifeatunisuszgndld
AAINTTUAUYAUNITEBNUUVUITTIAUANTTIUIUNIN Ao uluaIuves unsni way
yuyyw (2555) §Adelduszgndliimnssudumlunsiausdndusidamnivesdilovens
pananeludsene Amirul (2018) thiaussiddeisjensziumiufianelavesdfuilaiiiive
wAnfurdenlnuan H1un153ATIERN1T08NUULUSTA IS KAN1TITBTuLE T N9
USuiasuiluivssedusilidegaanon dewasonssenivvesuilnafiudy doun
Prastawa & Mahachandra (2021) latauenisuszenaldianssususiundniagiussyin
99 Carica lnggjaiulufinsesnuuuiiienssdunistondnsusivoigndn namuduiuansds
WiudsUseans nmvesimnssudulunisaiiaussydueiifganivaulanaznsedu

WOANTIUNITRVREUSLAA Fatchurrohman et al. (2020) YaueWIdeNst0aniuuussn

Souailysldmiu SMEs vieediu lunsuszendldimnssuduelunisimuigudnualussg

'
=

fousinfaganduaula drulueu Smith & Jones (2003) YiaueuITeNnsIUTINAIY

ada Y} 44'

fioanisnsorsuaivesuilng iusudeuisimnssudue dWoldesnuuuussgdnsiiniy
Ussoms wanuduiuandidufssansimvesimnssudualunindlaaudeans
vosuilnauazuaiussdusznounseeniuuinevauesaLfeINNTIIDTalveIgNAN
MnnuIfefinusgliiuimdmesimnssudue Tuniseenuuuussasueiill
finsfagnaneni udannsaneuaussnudosn1svesiuila nsedunginssuniste way
afunnssilaldognsdivszdvinm Wisuialiouniesdlonsmdsiitiowvaniuddnues
fuslnalvoglusUvesesdusznounsoanuuuiidudedld msAnuideassdyaduluinng
fimuussdasiugmTendafoureiamiagurungueordnil suusramesiig 1
1935 MualuRunsUSuasugudnuallviianuundede raule uagldauazain

Y Y v

HI3glauszendldnannsiminssudue dhdeyadngietmgaunisesniuuuazguilag

e en Murualunudnyazresussiasinimeruauls nszdun1sde uenaini &9

Y

o =®

midsfamnuminzanvesianily visedamiavdesUasndesieduilan uazllaainfiuans

a a v | 1Y) Y U say va v ¢ ™~ v v av 1A
FYUACLDYATUAIDYNNVALIU ATUNIU NaaWﬁWl@ﬂ@ Uﬁﬁﬂﬂm%ﬂ%%quLUUﬂ@@ﬂ@umlmLWEN

v

noulanduilng wadasemnulaasulunain azvieuliiudsdnenimveddmnssufuy

v @

lumsenszauussadadilinnniuanivues uidunagnsddgidiendndugsialilszay

AudLS9

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 198

2. IUILEIAYaINUITY

2.1 ilodsanudnunizreussysusiusUindntoufiduius funnudesnisues
Auslaauasnguiamiauvuluiminmeysysel

2.2 iWemuussyfusiuzeuiuinsafouvesnguiamaaguvuluim ey sal
MEmATAIAINTTUALY

2.3 iieussdiuarufianelavesduslnafiioussdnsiugruiensn feuveangy

Tamiayuvuluiminmeysysal

3. Waniuauig

n1sedunuidensiduuieanidu 3 szaz szazusnidunisdrsra nquiiegauas
waAnssuvesuilaa duwlusserdl 2 1Wudwvesnsiannidnsesnuuuussyinsilag
welliadmnssuiue wagszesil 3 e maUszliumnuiswelavesfuilaafiddeussgsius
feanunsnodunelilnedanudsil
3.1 MIATINNGANTIUUSLNANFULANUAL N TNAGOUANYAFIY
3.1.1 Yszns
1) Usznnsaengu fuslaafilimnuaulandndasivesiiudivming uvanuuus
U Tudemdnmasysal 91uau 15 Ay
2) filTmavgeunisesnuuurandasiaiay 15 au AdUszaunsalsunig
ponuuvldtosnd 5 9 daandszduuigyind Tuly Hearnuuiesusienig uay
USENLONTY
3.1.2 naufBY
wzuulendnnauluussiunguiuuby wagguhuululss
3.1.3 in3osilefldlun1sids Aeusiunsiaaey (Check sheet) sanuuuNLiadann
waAnssuvesiiuilaa vandeslilvinguietsdesnsenuuuasuniaes Jesiunsgnufias
Tnouuvasuamutseenidu 2 du druusniedeyadiusivesiiigndaunausznause we
wazeny enguesuslan @il 2 Aesziuanuavlavesiuilaa anuilunisiiudeyade
naman S1uAUEn wardudmuievesin

Yya o

3.1.4 35n15TAeiveya HIJuldannidanssaun (Descriptive statistics) Tu
a PRy

AnTendeyaiiotuduauyRgiunnly dan1sussenednuazueinguaiege 19n1sininy

9

< Y] Y a Y ') a ' 1Y) v
sonunduszavvesanuaulavesiuilan Uszneudie 7 szau lneilunazszauasli

- L w Y a wva o & A= a o = U a &
Anuvnguanaeiull gUjdinussdunanudguslaasulianvaulaauluiivingulage

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 199

a v I3

vsolutandnduel Tun15ATIEYNadNSAINRUUFLNR DMINNsEUIUNITFevieduantlu

' £
[y 1 [y = ==

sgAuuanaNiuAumIneignAnufasuandsiulluegiuanuduiusvesuazsesiu

Y

' [ Y
v a A [ b4 A

WU LHDaNAIDENAINNTEUIUNSIUSEAUN 1 ADVNEYANDY VUABUGANIYUDINISUIUNTYDUY

Y

v '
a I

wduged “lie” tuMIngANd ARANUENTESTENIN “Yeaued’war “lide” 813

wlaprnumingladn anudnyazvendndamonsaglilysuuuu & vue viseflandunisldau

=

NEuslanfeinis feluUsznaunisendazuiuilfsusuuuulinsaiuniiuienisves

€

UILAALINEITU NI DMNTFUNUSTENING “FUNANAANUN” “D1UI1AN”7 “ABT0991A7” WAy

e

v '
a =

wduged “Lide” dunneanui guilaefienelasedndniosl ifgausitnaionnayll
wngan MntunTRaeuilsnnufiiioasunanisusndy
3.2 FuppunsUsuUsmanSuagldimnsude
Hutumeunsuuusmansuslvinansusifiadistuansanevausseudenis
yosjuslaniidesnsduvndnsarifinsiuanuidnuesies fiteldussandldimnssudy
wilemuumslumsiaunisnnsoenuuundnsdamliiungiiavisyuwun laganunsa
osunetumouldFutelud
3.2.1 M3denvaulYn (Choice of domain) Usensuazngusiiegia
nguilminedonguisyieu suluiadgeeny Aduveulunissiemisies
wnnhmsteandiuuenidianulsenu uasdusznaumsiue g
3.2.2 NMSMVUATDULUAALAAIAIINIAN (Span the semantic space)
Tunsimuaveulwnnisfnidenduansnnuidn Alfidealsaiunadnuas

¥ A

a o ¢ o & o a o Y Y a Aa a o I3
NN EUN QqLUu@@QLa@ﬂﬂqWLLaWQGUEJUmeﬂ'ﬂinUEm@Q%Uﬁiﬂﬁmum@mamﬂm% (ﬂqﬁa, 2554)

[ [y

et lldsyyunnudnuaendndadiiiaenadesiuanuidniguilaasenis

3.2.3 MITIUTIUALARLTONAUAAIAIINIAN

va v

lumsmiuswamuansnnuian g33gldnsandeniiaval (Adjective) fiuanq
femnufdneing q faenadestunisesnuuy wazfsddesiuussgdnsiuzausateuaunsa
dorwidndaguslaald
3.2.4 MIARLGRNLAIANGUAUEAIANNTEN

fAuansruddn (Kansai words : KW) aggnuszifiunazfmdeniaefidenmgyi
1MU3AUNTERNLUUNARANIMIILIY 15 Yinu menInAwelianuaended (Index of
item objective congruence: 10C) Tnafmdanamfidad 10C mmﬁ'qm ndulduuvaouny
iiedrsramnuAniiuainngutimneg Tnglduvuasuaulagldisnsinnrumneidsaniy

WANFE19 (Semantic differential : SD) 198 SD THUSZ I UAINUNUISTIAINULANFAIIVDIAT B9

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 200

A4 & o oA

JuesedioTantevldlumaiinniseonuuulaediudld dWeussidunuaniwinueisuaives

L2 L3

naRSTUI (Osgood et al., 1957) fam15197 1 Iviwsiusleiieslanadulgdudmansenu

3

RomuINilseningduel (nea ,2554)

(% L3 [J

A13199 1 LaRITERUNTUSEIUNaNSENUARAIUSNHADHAN YDA ILARIAIUTEN

Kansei word-1

Beautiful - Ugly

Not at all 12131011213 Very

much

TnglauszenalydSn1s Semantic differential 7 s¢diu Lilolvingsonsia1san
(Hsu et al., 2000) a1 ul#33n15ainedUsznau (Factor extraction) #8n1531AT129
a3dUsEneundn (Principal component analysis) iieofuAnnuduiudidadussninefuys
ymosdUszneuiianunsaldunusiuuslinnda uasilvieseiemmduiudsuiu suuuy
LLaSQmé’ﬂwmmaamﬁmﬁmﬂu%umawiaiﬂ (A%, 2553)
3.2.5 MIMMUATDULINAMSNYEHAR U9

va o

JUNDUTEIFY A TIUTIUNANA U089 TAYANTUIONUIFD LN BITD AL

Y

a

Toyardamainvosmandueifunfey il eszynudnuaunandas (Product properties)
mniliimnssudusaninaudnuusvessdnfasiidmateauidnvesnduiogisiidaua
lugnsimulinssiuarusesnisvesuilae Usenoude 3 suneudwiolui

1) suTiuRudnumzndaduel (Collection) lud unoud iiunisdmdon
Andnunizsanfusifidmaludianuidnvesiuslaa

2) dinidonamdnuaznaniusiady (Selection) dsazgnusziliulaegiianuily
fusenuuunandast sadelunisusudu Tnslduvuasunndfiszduauud asaves
AdnuuznAnSasiddny 7 sedu daud -3 89 3 Taed -3: nuneds Mmeadnug il

[

ANUAIAUABNITAAAULALUNISLADNT ONANNUIILAL @IU 3 NUIUNT ANANANYUE 3

o q

[ 1 v a

AwdAysansanaulalunsdentdendnduaiuiniian
3) N13MUAYAAUENYATTBINERTNI (Compiling) Tuneudilunisdnden

Y a ' e Y o Yy vy ou A qu g v =
e TIuRudnvzNdmasiennuFanvesruslaalimediuielddu funulumadeules
ANNFNRUS semInenguAkansauidnilasuainnisainesruseneu (Factor extraction)

wazAANYMEEeY (Category score: CS) MUAAINIIATIATIY WALAMANYALLTINILAINTDY

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 201

Ya o

HANAMY (Schutte & Eklund, 2005) #378ldA10118198991NNTBURLIAAIUNITRBNLUY

o

1AT9ES WA NANENN1TOBNUUUYS BANANA (2550). kazaInaIeNansng Y09 EnSAnG
(2559) 913U 5 29AUsENBY A YUIA NSIE anane Tannlinds wavUsvlevdldaey

3.2.6 Wnrzideyatunsunmsdunsieiiilunisdoulosnnnuduiug seninee
LanIANIANLaYAMENYERARs M (Relationship identification) HATNSINNITIATIEN
sxvlrdnesnuuunsuliinaudnuvasidnduilaninananisiuivesuilaaluninuidn

7119 9 Tupeuildnatian1TinsgvimaudiusseninnnuIantuauan Y NEn S U9

(Partial correlation coefficient : PCC) Ll alandAseauAMUANNUS NI aUMInANua1e ey

o

' [
LY v a o ¢ a1 a

(Magnitude) s¥1119 Awansruianiuaudnyaendnduen NUWInuEnyuyladwans

U 9

$u3 MnTATIERAIANLdITUSTEnIANNIANTUAMENYENER MRy 1NNGUYNIS

Y

TaszideUSunaguuuudl 1 (Quantification theory type 1 analysis : QT1)) #uduign13
AATIINERAN TN InAIUFURUSTENINFIMUTTIRUN N BAATIEAAUENTUSIT
USunasgmindmdueiaresiusznounisesniuu tnsuvasdnuadananimduduay a1n

wadasendt nMsuUasaziuy aziuuwagniunleneilaeldaifidadunss (Linear

regression) OMIANNFURUSTENINAIUT (Nagamachi, 2011)

4. NaN15INY
0.1 wansdrannudesnndesdy

NadNsIINNsENTIINgAnsINves nguluanuiisminendnsasidmane Tne
dunpanmsdmiendnduel 3 JUkuy Tawn vuiadn 2 x 13 x 16 mm awInnans 60 x
70 x 20 mm uarIIAASaRlansusUAmMABNIUIA 120 X 140 x 40 mm KAGWEINNNTA
fufidmanandliituiandlideyatomn 92 au mandgsliaruaulannnimass oy
Hunavelianuaulaiesiovay 4 d@rnnangsiinnuaula 88 au wisesovar 96 drulugdl
918 50 YAl sesasunfettengUszanas 34 - 40 T uae 41 - 50 T dhuludrsenguszan

A 1 1

15-20 ¥ fiiieesoay 1 Wil Jagulaiduslanfengueyisenysendng 21-40 U senguiy

9

1@ v

e uiinguivnanauiiciesay 40 wingulvaidadunguiienaszning 41-50 Yauly
4.2 Juppun1susulTmandaailagldimnssufue
4.2.1 M3fnFeNNauUIEYINT
v ¢ o v v 1 V1 ) v o
HATNSANNTETIbUITe 4.1 aransassunguidwanelaindudeviem au

ludadgeeny TnedindnuiedtasiunsusenaueInis wazllengsening 35-50 U gUluy
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uzwspfeufinguiegudeninniignAevwindn Taunsaldieuinniinasugifisien

NN
Y

va o

W7
Y

AN 1 sUSnualvamEnSuaTILNY

4.2.2 MSMVUATOULUAALAAIAINNIAN

glasiunumAuleainnisiundl wainsAurawne Allegluriaanaie

FIU 6 @ INNTNUMUITINNTTY 14 @ Uagdnnilidesaniuunindog 2 A Jeanvae

HansualaRueiAgITewimun 22 avdluduauiazuin v3e 44 A1RINTINLA F9R13199

3

M13199 2 MIAMUATDULINAIUAAIAIILTAN

a1nu Main Word Kansei said positive Kansei said negative

1 Classic (Houunsaon) Fashionable (& fuiifiow)

2 Upper class (fi5z6v) Plain(:38U/5551A")

3 Colored packaging | Natural(Jusssuui) Artificial (Usgfug)

a4 Clean (9azan) Dirty (ganusn)

5 Fresh (anlvsg/andw) Dry (Wigu&9)

6 Translucent (TU3aua) Opaque (IuLa)

7 Texture Glossy (H1u117) Matte (R6111)

8 Smooth (1381U) Rough (939%%)

9 Modern (viuaile) old(usa/iin)

10 Formal (@iJumenis) Casual (aung/dnaeq)
Patterned Traditional (Usziwaiilyw) Progressive (#an1antnAUN

! Tual)

12 Domestic (giiuvosiiuiy) | Urban (giflenifuiios)
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a1nu Main Word Kansei said positive Kansei said negative
13 Unique (Jutendnwual) General(#1lU)
Interesting , =
14 Look different (auans4) look alike (gimilau)
15 Confident (14) Unconvinced(laisfula)
16 Information Exact (gn#ioq wiuew) Unsure(liuiuau)
17 Reliable (1idodio) Unworthy (aiuidede)
18 _ Rectangular GRGEH) Rounded (IAqaiu)
19 iz Compact (Ns71n39) Large (lugle)
20 Handy (waw1$1e) Heavy (#1in)
21 Use Simple (918)) Complex (Fugau)
22 Minimalist (t/o8%) Maximum (S1uausnndign)

anwaly KUY ANNUiaUla awe deyauaznisldeiu

o ! < ! 1 Y & v ¥ a [ I3
‘Vi’]ﬂuqll’]LL‘Ux‘i’e]E]ﬂL‘U‘Llﬂﬁj‘llﬂ’]@ﬂiﬂLL‘UQI@L‘U‘LA 7 ANUUIENDUAY SAUBIUITYNUN

TUNISUUINGUALAAIAIINT AN LA LY 8IYIYATUNITODNLUY A1UITOUUS

ganilu 7 nqudtm1sned 3 Fadaflunniiuly dsdudsdnidendnasslaeddetmgiidniug

ANUNTTDDNBUUNARNUTITIUIU 15 YU 1INNISUNARUTAINUABARADIFIDENNFINNSINN 4

a 1 [ 1 o e
19199 3 LL‘UQEJEJﬂLUUﬂQMﬂWLLﬁ@\?ﬂ’J’]@JEﬁﬂ

Colored
Texture Patterned | Interesting Information Use
packaging
Formal
Classic Translucent (o Unique Rectangula Confident Handy
g LU . 4 3 .
(D) (lUsauaa) ¥ (endnwal) | r (@wdew) @ula) (Wnn19e)
7114013)
Upper v W Exact
Opaque NUEANY Strange Rounded N Simple
class - . (@naas .
o . (usa) (Modern) (uuan) (lAsw) , (418)
(H5%00) LUUDU)
Natural Look
. Glossy Domestic Compact Reliable Complex
(Wu . ¥ different v . D4 " .
- @wINM) (Wuau) , (nzvinIn) (Waene) (Fugou)
5ITUYA) (AUANA)

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 6 aduil 2 wa. 2567




Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 204

Colored
Texture Patterned | Interesting Size Information Use
packaging
Traditional Eye
Clean Sleek - Minimalist
. (Uszinad catching .
(Razon) () - (UpBTU)
PELY) GELl))
Fresh ]
Roug
(anlvug/
4 (v505%)
GIEI))
Matte
(i)

M1319% 4 9819 TNMAIRYHAIUADAASDIVDINGUAIAULY

NEUANAULY : Colored packaging

lsidonadas Taiwdla SEIGGEN

-1 0 +1

a v 6 ! o av Yo v A ~ LY L3
113191 5 NaaWﬁﬂq&lﬂ’Wﬂ@iUﬂ'ﬁﬁﬂLﬁ@ﬂLW@lUI‘mL!ﬂ’]iEJ@ﬂLLUUUii‘Qﬂm“VI

NFUARULY GRTEIE PR HERREELY
Colored packaging 0.53
Texture 0.73
Patterned 0.53
Interesting 0.80
Size 0.45
Information 0.87
Use 0.27

v 1o vee Ao oAl & ' o
HaflaAonguAansnuianfden 10C wnnfaganvan 3 nqu Usenaume
NAUAAUY Texture Interesting kae Information W&AMIN (NAA, 2554) AIUARAIHATNE LS
lupns9i 5 WennlasuariuunmsUssiiugaanandidetviy muniseeniuy lnenguen

3 nauazgnihluldidudeyausznaunisdndulalunisesnuwuusiuiuaudnyasdidgues

FNURAR S lutunaunaly
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4.2.3 NSMVUATDULYARAAN WUEHAN U9
Jutupeunisainnudnyazvemdndunandeyanindueinuidogudiiiio

danasiamnuidnvesduilaaiidsnalugmevauivssedasilinsaduanudesnis de
wanfael 5 suuuuldsumsdadeniiethunldfansananuduiusseninagudnvue
WAndasiuazAuansnuanaglinseunuiAntuniseanuuulaswasndnduel waz
anane Ingldoonuuuandeyadisiusuldidowiudenmi 2 uazsudnuainseanuuuann

v A v o =
Auszneun1siegluvieanan fnmd 3

P "$<

Geinrie uig“'.q

jeuien

a Y ' ) ¢ v a{' | 1Y
ANINN 3 Gnaﬂ'mgﬂaﬂ‘l“}mﬂqi@@ﬂLL‘U‘U"U']ﬂEuJ‘Uigﬂ@‘Uﬂ']iﬂ@%bluwaqma']@

NN IAlUlagena N ITULAEIAINTTH WNINEFETUAY TiuaaIns Iy
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. . — NYEA
Wy —_ Yannalu
Lyua -
goy — L waafin
FUfier —— 4 —— NSEATY
Janasuan
aayiiu— L— wana®in
i— .- - . — ATWAS
asvin UTTINUN a1mae
e
. UzVIUDANDUY .
Taig) — L ey
AWA5a ——  fau
AmUsznau
AM8LEU L wmdou
W1 — .
—Tun
AT — L &n

(%

AT 4 AAUENYTAAYYDIFILNIUUTI IR

o

A58 6 wARINTIIARLAINAIAMEN YU dIAY FUTUNITORNLULUTIVNINAIY Semantic

Differential (SD) Scale

HIAMUTAINUANHUE : TUNT

Notatall | -1 | -2 | -3 | 0 1 2 3 | Very much

[%
o w Y

nsAnLdenAAMENYMEdIAY MR 10 1390 AINANANBUENEN S UTTLaZAT

o

wansmusananglanseunulAnluniseaniuulastaaNaninan ves aaudng (2550) wag

I3
v a

AINANBVRIAVEANG (2559) BeUENUMIY AMENYALEREVDINGNTUNTIINUA 20 A1 AININ

'
[ 4:1

7 4 FalunrsAndenAimunnuanuvasd AN eIteslian augl3381Y Semantic

[

differential (SD) scale saufiugUuuvUTIdnilluiesnaaflasunisAadonsn 5 gUuuy

LnelBeI Y YAUNTERNHUUNEAAS U9
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AINAF) —— J —nay
amany JUNH
AN — 3
ATNATS ——r . . N viaed
amUsznav U39 0u9 anneuan
ar g
AL —— UsvREANaY nsTATE
.  NIEAE
ool — Fannely
Sl S

A7 5 AasinuzdAyveslnuKandueNlaTunsAnGen

FIHAGNENITANLADNAME NYULNAANUINNINUA 6 NUIN AININT 5 B9
Usenaucme aIna1e (Xq) JUnse (X,) nmusenau (Xs) Janniewen (Xo) Wnud (Xs) uazian
ety (Xe) fatl

Xq1= AINTI Xa1= No8a
Xip= BELEU Xgp= NTTANY
Xo1= Nadl Xs1= 99U
Xp= \VAEL Xsp= LU
X31= AN Xg1= NTEAY
Xsp= BELEU Xep= WANERA

o o v 1

WalaukuuusTaiuel ARuanyMrd1Ay WazAudnyMrdaeueIuTI

v q

1 v

fumeudelufonisdsannudaiureanguitnedsifenduduilon farunieadens
Us2naue1ms waghusznaun1ssnuemns 31uiu 15 au tnelisedunisussluanuiueig
Hamun 5 5¥U Ao 1-5 HATNEIINKUUABUAMAzgNINIMTeiauduiusiagld (Square
multiple correlation coefficient: MCC?) %38 A1 R® Tuaunisanaey (Regression model)
dlemandulsransanduiusindsaesseninnndnusnanSasiuagnguiianinudan
Fadmnen MCC? Baun Humnefsnnuansafifiudsanansnos e esiuindudm
widuiifeslunguitmneidlumsauiasnisuin wienandndonisferaudiulngiinn
Anviululuiiamasieniu (Jiao & Qu, 2019)

4.2.4 Nﬁﬂ']‘imauLLUUEIE]UE]"IQJGYJEJ?T']ﬁLLﬁﬂﬂﬂ’J?ﬂJ'gﬁﬂﬁLL@ﬂG\Nﬁu
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31NNFA5IAV0YaNIERULARUNU AT ABULUUABUAINAN NRURUSIAATTLA
Anuaulandndue uiuiiesay 15 Au FadugusznaunsiuviengdusueIiisuazy
o dl A 14 L2 o v ! dl U o
MUNLAEITITUNITYIIMT dnvieufied 818581319 35-50 @1u150UNu1aTUNANIS

Usziliumnuganunaiieeeudninnlafwmisdm 7

M13199 7 ARALYDIANUIANLARLAI0E1IUTTAN MTIVRINGUFAIBEN

A | sduuu 1 | sduuu 2 | gUuuu 3 | sUuuu 4 | guuuu s

Texture 3.60 3.80 3.73 4.47 3.60
Interesting 3.93 4.07 3.93 4.53 3.87
Information 3.80 4.07 3.87 4.47 3.93
ATuuURAY | 3.78 3.98 3.84 4.49 3.80

=2 a o o

AN 7 AfnansruganEIduNE (Texture) veanngUuuuiisyiunzuuy

a = Y : A ala a a — Y l
waveylunquidenfiueniiu JUkuui 4 ndanadeganinsuuuudu wudeidulunguues
= v ' . A Yo = i PN '
AN uANUIEUla (Interesting) ULuuIlaTuAzLUURAYgIEAvzagluFULUUN 4 us
Tugduuud 2 Aldugduuuiingudaegdbinmuaulaliduiiu dunquussanugdnaiuniiy

£ = [ I3 . B U & A a d'
VDUALALINYALLDYAYDIUTIVNUN (Information) ﬂ'ENL‘UUE‘ULLUUVIlIﬂ’]LQE’I‘EJ?]%LLUUQQ‘V]Z‘:Hﬂ

U 9
v

Feiudsagulsinguuuuit 4 Wuguuuuiingusesslimnuaulamniign 91nmsiase
Jewuazihanadetmunluussifiuiufuanduussansanduius (MCCH) naenndosifun
nadefilaanmsussiundely
4.2.5 H@dWSN13IATIENAENOBYTIUTUIUTEAN 1 (Quantification theory
type 1 analysis)
nadngnnITivzimuduiusanaunisanoes Tumsnad 8 wansliidiuin
TEAUANUTNITUSTENILUTDaTE A UMMUIMUYDIUTTUTUNTULUY 1 UaznduveInIug

=3

= v v a v ¢ v o sw = a 2
ﬁﬂ@qu@qumagﬂaLLagﬁqﬂagLaﬂmﬂJ@QUiiﬁ]‘ﬂm% Nﬂ')’]@JaﬂJWUﬁﬂu@J"lﬂVl?j@ IﬂEJlIﬁ'W MCC 'sjﬂﬂﬂ

v 1

0.75 dyugunuui 2 nauvesausanaruanuiitauladanuduiusiuuinigalagiean
MCC? Fotay 60.49 TusUuuun 3 uaz 4 dA1 MCC? gafigntuie 3 nauviniiguius 5
sULUU FadlAnfeway 55.32 uag 54.34 auaeu druguuuunliiian MCC? ganinsey 50

'
=

wazdailAn MCC lnfgdaeiignma JULUUN 5
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wiognslsfiny fadn MCC? azaauindilianunsavenlainianudaiuaziinay

& 6 VYa v

aonpaaaiululuiiansuinvselddadunisAumeanaudfvemdnduaigideldnsinsen
FaUsunaszan 1 Jaduisndundeuldiuunnlunmsdumanuduiussening ausdn
LATAMNANYMENEAA MY L aAIUINMIA1 PCC hag CS 91nLUsHATH Rstudio 43057

1.2.5033 (Nagamachi, 2011) ilel#fiansaulumsiaundnsarisuuuulnidely

A15199 8 NAGNSINNNITIATILIANUFURUSIINFUNTOND DY

sULUU ANAULY MCC® | aamae | sUnss | amdszneu " Tnud "
¥ ¥ el AeUeN

Texture 21.20 0.08 0.21 0.37 0.19 0.23 0.10

1 Interesting 13.36 0.17 0.05 0.08 0.05 0.04 0.05

Information | 75.51*% 0.08 0.09 0.17 0.30 0.05 0.10

Texture 17.44 0.02 0.06 0.28 0.00 0.26 0.15

2 Interesting | 61.78% 0.57 0.56 0.51 0.66 0.03 0.50

Information | 36.92 0.19 0.48 0.12 0.00 0.13 0.48

Texture 60.49* 0.57 0.52 0.57 0.07 0.63 0.27

3 Interesting | 59.07% 0.07 0.68 0.58 0.47 0.11 0.11

Information | 46.40 0.14 0.18 0.20 0.11 0.06 0.53

Texture 64.03* 0.19 0.10 0.28 0.34 0.56 0.42

4 Interesting 42.77 0.08 0.06 0.08 0.43 0.38 0.33

Information | 56.23% 0.44 0.40 0.42 0.44 0.63 0.11

Texture 35.29 0.22 0.03 0.32 0.18 0.02 0.45

5 Interesting 26.34 0.22 0.47 0.03 0.04 0.38 0.20

Information | 34.40 0.08 0.20 0.34 0.29 0.09 0.47

LUINNNITMVUAANAN BULUTIVTUINILAEAT CS VegULUUUTIUaINIla

v g ad a : A a a Y A 1%
NHAGNEIINTTNTIATIENAIENguiBeUTunalseian 1 uld eszulaseasiuay
AdNwndInenmvesndnduginsidugueuule Fewnen CS lufiamnsuinuazdauin
a1u1snesurgladnanudunussenineenus Anduand nuagaan AueiNufiasan
anusaneuausnNfeINveaiusinalaliueg19d uavdrulnginnudavululuiieon

v

I~ [ U 1 a Y & 1 % Y s U L=
EYINU 1 INAT CS lﬂiu%F‘Wl’Nﬁ“ULLﬁ@QI‘VILﬁ/iU’Nﬂ’]?llﬁllW‘Uﬁﬁgﬂ'l’1\‘1@’3’11]?1 NAU

cala

AuANwENARd NN RITANNFRRAdITuANIRBINTITYRI USIAATUN 19aU datiulyl
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AIstANaniuRuanyMgHandusidanaunltluntsesnwuy @#3Ty, 2553) lagn1s1e

a3uAn CS UTsTUIINLVINTANDULANIRINITINN 9 Uai108 19 LNUITRANIAIAMA N YL

1 U d‘
HRYLNATINN 6

M19197 9 AIANUFLRUS T NANUTANLaYAMaN Y NER MY Category score (CS)

U i a7nany JUnse awdsznau | daganelu nud Jaan1euen
Uy ALy X1 X1z Xa1 X2z X31 X3z Xa1 Xaz Xs Xsz Xe1 Xe2
Texture - 0.11 0.14 - 0.07 - - 0.27 - 0.50 | -0.08 0.09
0.04 0.24 2.14 | 0.11 0.10
Interesti - 0.36 0.04 - - 0.09 - 0.09 | 0.03 - 0.05 -0.05
' ng 0.09 0.06 | 0.07 0.03 0.04
Informat - 0.18 0.10 - 0.19 - 0.16 - 0.03 - 0.11 -0.11
ion 0.05 0.12 0.19 0.81 0.12
Texture - -0.00 - - - - - - - - -0.00 | -0.00
0.00 0.00 | 0.00 1.21 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Interesti | 0.29 -0.80 2.81 - - 0.54 | 0.30 - 0.01 - 0.28 -0.77
2 ng 0.20 | 0.27 1.99 0.04
Informat | 0.09 -0.25 - 0.10 - 0.08 - 0.00 - 0.19 0.31 -0.62
ion 1.50 0.10 0.00 0.04
Texture - 0.77 - 0.44 - 1.81 0.04 - 0.50 - 0.39 -0.14
0.51 1.22 0.27 0.07 0.75
Interesti - 0.06 - 0.16 | 0.27 - 0.13 - 0.06 - 0.07 -0.08
> ng 0.03 2.28 0.76 0.87 0.09
Informat | 0.11 -0.17 - 0.04 | 0.16 - 0.09 - 0.02 - 1.14 -0.28
ion 0.62 0.19 0.10 0.14
Texture - 0.12 - 0.01 | 0.03 - 0.06 - - 0.20 0.02 -0.08
0.06 0.39 0.00 0.42 | 0.04
Interesti | 0.01 -0.08 - 0.01 - 0.01 0.01 - - 0.22 0.06 -0.10
4 ng 0.20 0.06 0.12 | 0.06
Informat - 0.49 - 0.01 0.13 - - 0.56 | 0.07 - 0.05 -0.18
ion 0.07 0.38 0.02 | 0.14 0.65
Texture - 0.14 0.06 - - 0.55 - 0.20 | 0.02 - 1.20 -0.30
0.39 0.01 | 0.37 0.23 0.02
Interesti - 0.15 1.96 - - 0.04 | 0.02 - 0.38 - 0.55 -0.08
> ng 0.30 0.14 | 0.02 0.08 0.43
Informat | 0.11 -0.04 0.68 - - 0.36 | 0.26 - - 0.13 0.85 -0.21
ion 0.04 | 0.24 0.23 | 0.04
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] pattern.1
pattern2 [ |
shape 1

shape 2 ]

[ illustration.1
illustration.2 []
Intermat1 [
Inter.mat.2
tone.1

tone.2 |

Exter.mat.1
| Exter. mat.2
T T T 1

05 0.0 05 10
AN 6 g UNTuARIANAMAN YlzdaeTidwaranNRBINTYRINg Mg

4.2.6 HAaNEIINNITRITU NN MNUARUENwUzd1AynanLazeIRUsENaUL oY

YIUTIYIUIULVUTNN DU

[y [ a

HATNEIINNTIATIEVAIANNFUTUSSEnINANUTAN UM N waleNEn S ety

q

(%
Y

nmsimueREnyazdAynanverandueiwazesdUsznaudess 1 6 Usensanunsatian

asUladannsned 10

M13199 10 HAMTATUAMANYUEYDINENTNTFILNUANLAINABINTYRIEUTINA

a9na18 SUNSY | amuszneu | Saamelu | Tnud | Jeeaeuen
sUuuv AfuLe .
x1 X2 | X1 | X2 | X1 | X2 X1 | X2 | X1 | X2 | X1 X2
Texture v | v v v v v
1 Interesting V| v v V|V v
Information v | v v v v v
Texture VI v ivI| v I iV IV I IV I|VI|V v
2 Interesting v v v | v v v
Information | v/ v v v v |V
Texture v v v |V v v
3 Interesting v v | v v v v
Information | v/ v |V v v v
Texture v v | v v v |V
4 Interesting 4 v v | v v |V
Information v v | v v | v v
Texture v IV v v | v v
5 Interesting v I v v | vV v v
Information v v v | v v |V
33 6 10 8 8 6 9 10 6 10 5 14 1
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<

1) sUwuuf 1 Wugluuuildsursuunaietosiian Wnengudmunediuly

Y 9

luianafglfuiiussyduadesdiaudndaie daamn asdud wazisnisldauegis

v

<, ) & & v o
AU AITUNTINAY d1Uaan8AISIUNINNe AnUsesnavatusatdulang 2 ULV

e

o)

ansuluenadinszawienuiiiesnwiaunmvewdndue dulnudaslulnuseu uay

[y

TEANNIYUDNAITYINUIINNTEAY

)
2) sUuuu 2 ngudhuanegaduldmuanuinaulavesdinussgioe JUnss

R} Vv I - T 2 2 a
anansaidulsnmssnawvsednaeunls dwainaneaisilunimin andseneuluningss

[ v

anduluenaldnszanuniovlosdlumsveviniiesnwaanneandndneifld diulnud
asulnugeu warTannieuenmIsinunnnszay

3) gl 3 nguidvneyaduluduindulaveswinussatu wazainy
thauly arsigunsadudivaey dauaeansuaznimusznovannsaiduldianmnnuas

[ ¥

A3 Yaguasldvesdlunsveruiiesnwinmun nveidniue drulvudaisilulnu
99U LAz TANNEUBNAITYINUINNTEATY

4) yUuuu 4 Wugduuuiildsuasuuuadenniign nquidmuneyadulun
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Abstract

The conventional method of packaging fried cassava chips before shipping takes
about 12 hours for oil absorption in fried foods; therefore, the hot air-drying system to
remove excess oil is interesting for time reduction with an increase in productivity. The
aim is therefore to experimentally investigate the effect of the drying temperature on
the energy consumption when drying the fried cassava chips using the dryer with an
infrared oven. In addition, the appropriate energy-saving condition when drying the
fried cassava chips was also determined. The dryer consisted of a cubic drying chamber
measuring 120 x 120 x 120 cm to hold the 5 kg of fried cassava chips, a fan with a
diameter of 22.86 cm, and an infrared burner. The drying temperature was examined
at three different experimental values, for example, 50, 60, and 70 °C. The drying time
in all cases was controlled to be less than two hours. According to the experimental
results, the temperature distribution in the drying chamber was consistent, and the
temperature difference between the top and bottom of the chamber was only 1.3 °C.
For the energy analysis, it was found that the specific consumption for the drying
temperatures of 50, 60, and 70 °C was 450, 256, and 352 kW/kg, respectively. Therefore,
the appropriate drying temperature was 60 °C, and the payback time compared to the
traditional method was about three months.

Keywords: Energy, Hot air, Drying, Fried cassava chips
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A STUDY OF ENGINEERING PROPERTIES OF CONCRETE BLOCKS
MIXED WITH OYSTER SHELL WASTE
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Abstract

This research paper studied the engineering properties of concrete blocks mixed
with oyster shell waste by substituting the crushed oyster shell waste for rock dust at
a rate of 0, 20, 40, 60, 80, and 100 percent by weight, respectively. Concrete blocks
were formed in the size of 7 x 19 x 39 centimeters with a 1:6 mixing ratio of cement
to rock dust by weight. The blocks were taken into study after 7, 14, and 28 days of
curing periods. The objectives of this study are 1) to investigate the physical properties
and chemical composition of the crunched oyster shells; 2) to study the physical and
mechanical properties of the concrete blocks using crunched oyster shells substituted
with rock dust in alignment with the TIS 58-2017 regulation; and 3) to study and analyze
the cost of producing non-load-bearing hollow concrete blocks substituted with the
oyster shell waste as per the TIS 58-2017 regulation.

The research results showed that the oyster shell waste consisted of 48.85
percent calcium oxide, a high percentage compared to only 1.8 percent of the rock
dust. Since the oyster shell waste had not gone through the firing process, the moisture
and free carbon content inside were still high, causing a higher water demand. The
specific gravity of rock dust and oyster shell waste was 2.67 and 2.50, while the water
absorption values were 3.2 and 9.3, respectively. As for compressive strength values,
the concrete blocks with the 20 percent mixing rate, cured for 28 days at the maximum,
had the highest compression resistance value of 84 kilograms per square centimeter.
The research suggested that producing non-load-bearing hollow concrete blocks with
oyster shell waste substitution at a rate of 20 percent, which is in alignment with the
TIS 58-2017 regulation, can reduce the cost by 0.49 baht per block, equivalent to a
9.58 percent reduction of each concrete block.

Keywords: Concrete blocks, Oyster shells, Compressive strength
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Abstract

The objectives of this research are to design and develop a metal polishing
machine to find out the efficiency of the machine and assess the satisfaction of experts.
The experiment used a test piece of S45C steel to find the efficiency of the machine
by comparing rotation speeds of 300, 600, 900, 1,200 and 1,500 rpm and starting with
sandpaper no. 360, 600 and 1,000 with evaluating satisfaction by 7 people. It was found
that from polishing with sandpaper no. 360, the appropriate rotational speeds were
1,200 and 1,500 rpm. From testing with sandpaper no. 600, the appropriate rotational
speeds were 900, 1,200 and 1,500 rpm. Moreover, from polishing with sandpaper no.
1,000, the appropriate rotational speeds are 900, 1,200, and 1,500 rpm. Hence, the
results revealed that the size of sandpaper and the appropriate rotational speed for
use is polishing with sandpaper no. 1,000 at a rotational speed of 1,200 rpm.
Keywords: Polishing process, Microstructure analysis, Polishing machine, Metal,

S45C steel
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Abstract
The objectives of this research are to develop a plastic bottle shredder and
pelletizer using a pneumatic system. The research has designed a set of shredder
blades in a shearing style with a plastic briquetting scheme using a pneumatic system.
The plastic cube is 25 centimeters wide, 25 centimeters long, and 8 centimeters high.
The test of the plastic shredder and pelletizing machine uses PET and HDPE plastic
bottles. The test is conducted to determine the appropriate temperature for
compressing plastic bottles into square pieces. The results showed that PET bottles
had an optimum temperature of 80 degrees Celsius, while HDPE bottles had an
optimum temperature of 70 degrees Celsius. The best process for cutting and
pelletizing plastic bottles showed that PET plastic bottles used a temperature of 80
degrees Celsius in an average time of 19.41 minutes, and HDPE plastic bottles used a
temperature of 70 degrees Celsius in an average time of 17.14 minutes. The obtained
plastic is densely packed into rectangular lumps, and the working rate of the
pneumatic plastic cutting and briquetting machine is the most suitable. It was found
that PET plastic had a working rate of 3.09 bales per hour and HDPE plastic had a

working rate of 3.5 bales per hour, respectively.

Keywords: Shredder machine, Briquetting machine, Pneumatic system
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Abstract

This research aimed to develop the forecasting application for demand
forecasting in ordering chemical fertilizer with Visual Basic for Applications (VBA) at ABC
fertilizer store, a case study in Sukhothai province. For the application performance
testing, verification, and validation, it used three different forecasting methods,
including moving average (MA), single exponential smoothing (SES), and regression
analysis (RA). For testing the data, it used five different instances of the fertilizer’s
demand, obtained from the case study store, including Sing-Bin 36-0-0, Sing-Bin 46-0-
0, Sing-Bin 20-8-8, Mah-bin 46-0-0, and Kratai-bin 16-20-0.
From the application’s performance testing, verification, and validation, it was able to
correctly predict all forecasting methods. The regression analysis (RA) had the
minimum mean absolute percentage error (MAPE) in forecasting the data set of
fertilizers: Sing-Bin 36-0-0; Sing-Bin 46-0-0; and Sing-Bin 20-8-8. To minimize the
forecasting error, the case study used Mah-bin 46-0-0 and Kratai-bin 16-20-0, and the
appropriate forecasting method should use moving average (MA) and single
exponential smoothing (SES). After forecasting each data set with appropriate methods
and comparing it with the actual demand, the forecast error was less than 14.55% for
all datasets.
Incidentally, in this research, we developed an application for fertilizer demand
forecasting. For further study, the flexible data importation should be adaptable to
contribute to other forecasting types. Other points of application development may

be adding other forecasting methods as well as data distribution analysis functions,
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which could lead to the appropriate forecasting method and effective forecasting
assessment.
Keywords: Forecasting, Case study, Application development, Agriculture fertilizer,

Visual Basic for Applications
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