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Abstract

This study aims to improving the weld seam inspection sampling process in an automotive parts
manufacturing facility, particularly for TAO model components. The improvement involves implementing the
MIL-STD-105E sampling plan to replace the previous non-standard inspection method. Initially, three samples
per lot were inspected, leading to high inspection costs due to the destructive testing nature, totaling 167,040
baht annually. The improvement strategy included historical data analysis, control chart implementation, and
adjustment of the sampling plan. Results from the control charts indicated that the production process
remained within control limits, allowing the application of switching rules from normal to reduced inspection.
By adopting the MIL-STD-105E plan and negotiating acceptable risk levels with customers, the number of
samples per lot was reduced from three to two. Consequently, annual inspections decreased from 1,392 to
1,008 pieces, cutting inspection costs to 120,960 baht—resulting in savings of 77,310 baht per year. These
findings confirm that the process remains under statistical control while significantly reducing inspection costs

in quality control.

Keywords: Sampling plan, MIL-STD-105E, Inspection of Automotive Parts, and Cost Reduction
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nsaalval ntuiungadalasTniananssenidon 4 9a uasdnsewineiamiurie tnlunuiidadaiafenseatee
WUes 400 uaz 1,200 udwndelunea 1-2 Weodidud vinlwseuidondntu ntuthdunudludendasinsesidon
Tngaznsradeusosiienlnenisindinsdudn vuinaTmniie mnuend waraugeuessosdeneslviouassadli

Julumunnsguiigndnfmvuald dagui 1

UM 1 N1IR5I9a0UTUNUMENABIINTUITY

MN3UT 1 ansradeutunufndesintunuiomn 4 gansaaaey TiuA 9af 1. Iaanuniswunion
(a) Barmual3llsisiindn 3.45 ua. 999 2. SannunirsweamsTudn (b) Auelilisnndn 1.84 . 9af 3. YansTa
Anannviefisfann (© dmualilisdingt 1.15 uu. 907 4. szegnisdudnvesde (d) dvualilaidindt 0.3 uu. e
TorimuagnAY

2.2 mifnwdeyanelneulsuldununisguiiegns

foyansdunsraeugninlunszuaumsaniudiususud ailoudeniunudelsuondeut 2 aes
uriaziedosisuauntesdneglutag 51-90 Fusioaen dedinisindunusionisaen 3 Tu uazyadinisFanuTITEoy
voundoudoudl 1 uay 2 Aawsiidioud 1 fadoud 12 91nn1slEIBNsduaTIRRULULRLMLLIUMSHLATIIAB UM

WUULHUNSWARDINGNAT AIRNT197 1

M19199 1 Han1sinuunaun1sUsUlduNunTEY

. P UAANITARIUATIAEDY
U (TW)

o d (u)
LaUN & o o & o o & o o & o o
LAIDILYDUN LAFDILYDUN LAIDILYDUN LAIDILYDUN
1 2 1 2
1 58 58 6,960 6,960
2 58 58 6,960 6,960
3 58 58 6,960 6,960
4 58 58 6,960 6,960
5 58 58 6,960 6,960
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. P YAAINIIANITUATIVERY
U (TW)

- 4 (u)
tnaUN a a4 & a a4 & a a4 & a a4 &
IMIDATBUN  LATBIRUN  LASDUTRNN  LASBNLYEUY
1 2 1 2
66 58 58 6,960 6,960
7 58 58 6,960 6,960
8 58 58 6,960 6,960
9 58 58 6,960 6,960
10 58 58 6,960 6,960
11 58 58 6,960 6,960
12 58 58 6,960 6,960
696 696 83,520 83,520
EEY
1,352 167,040

M9l 1 wuhifisuunsduasnaeuiunurenaiondeua 2 1ees egil 1,392 dused uasddunuly
n13957980UT 167,040 U wsieTl

2.3 MylasgianuiuLUsteyan1sin

MnnwansinfoglummurumuiignAnldfmun duninsisianuiuidsvesnsinangansisasuseniden
vouedoadond 1 uay in3oudeud 2 Audiunislagld wnundeuauvda X-Bar R Chart iieUszifiunuiuuysves
nszuIuMsHan unugiilduansnalugiuuy nsme Taensvsuuuuansdeyaain ta3eadondl 1 wagnssuans
wansdoya9n deadiond 2 n3msuUUILARsALRAY (X-Ba) YBanszuIunsHas Fudumsinsedulagsiuves
nsudsluusasdis damunsmsuaszans ANNALLUS (R-Chart) 189058UIUN5 Jeuansiensasundasnely
nszuaLNMIfienintuseninsusaziaog1an19ld X-Bar R Chart az918lun1s finnu uay Usziduafiosninues
nszvaumandn Wieliiulatinssuiunstuaansn muauld way mamsalld egrsusiugiam veulumiirinun d
Prglianunsadadulald nasviunstueglureuiunmuguviol (10] Tnednuurvssmsautseanidu 5 dnvue

Aagun 2

bR Chart of Wi -8 Chart of W2 -8 Chart of Wz

ren SV Aea A A
T oo T

B SR P I e e s et B —

1
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P T R e

5UN 2 amnuiuuysteyansinvesnsyuiunisuin

903U 2 uanswanuiuusTeyan1sinvesnszuuMsHARTnBazLanWANTIATuUIINIAT BT 1
waziadoadend 2 WunanisTammenvesuaden (@) sanisanunieeuaien (b) nmsdudnainddiavie
(0) AN IweINsTNEN (d) sraznsTudnvesio () Fmuimavesdoyalunsmiuansisdnadsuarauiunds
foyanisinvesnszurumsnaneglummuauuuazasluduveuivanuny 10 asaseiiles

2.4 m3fmunaasgulunsgunseaey

N1SAUALALNITANAIBE19LUN1IATIE0UAILNTIEUIMTIU MIL-STD105E feusilud w.e. 2538 1nsgiu
fananagnenidnegradunenisuasgnunuiifieinnsgudu 1wy ANSI/ASQ 1.4 ilssnudnnisvesnasgiuisng

1Y)

adendsiuiasuildegludagtiuemnnuazSansdinssadauasldnusgrsuninarsluningnaivnssudidinw
{AteTadeninmsgiudenanduedosdiolumsfinuil Insutsununisnssasueenidu 3 Ussivndn Téud wuuund
LUUKauAaTY LazkuU R 19idenldduey funanismsanaenteuniuagdofuualunsdsuuaumn
nszvIunsandnunmasiausuaglsinuteunnsoniu AQL (Acceptable Quality Level) n3oszfudaunmsosi
sousuldvionansioiiles 10 aem anunsadsululdusunuusisuransiioandiuiudogsiifiomsnn madensuou
F08199 RN INMNTLINADALAY SEAUNTATID Taliianuuiiluuaznuuiieildlunsdidesnsannisenis
n399a0UN514 MIL-STD-105E Hreansunulunmisasisasulnedesnumsefuanuidesiuienaninudniae mawy
founwsoafu AQL sonazgnufias uasmnnudaman unumanntasdsuduudunn Wefiuarmiluns
muAuLazanA B ABeIsdweUAUATliiuderrunvegnA uHLNIEURTIa@eY MIL-STD-105E @nansailn

M3EMINIUNM TAuAIREale F3UN 3 uazguT 4 [11]
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TABLE I — Sample Size code letters
(See 4.9 | and 4.9.2)
} Special inspection levels General inspection levels
Lot or batch size
5-1 S5-2 5-3 S-4 1 1n nt
2 To B A A A A A A B
9 To 15 A A A A A B C
16 To 25 A A B B B C D
26 To 50 A B B C C D E
51 To 90 B B < D D F G
91 To 150 B B [ » 1p] F G
151 To 280 B C D E E G II
281 To 500 B C D E F H J
501 To 1200 < C E F G ¥ H
1201 To 3200 < ™ E G H K T.
3201 To 10000 < D F G J L M
10001 To 35000 < D F H K M N
35001 To 150000 D E G J L ~N P
150001 To 500000 D E G J M P Q
500000 And Over D E H K N Q R
CODE LETTERS

3U7 3 uanansidenldununisdusiegaduneui 1

Tablell -C. Sir ling Plansfor i ‘Table).
Aceeptable Qualy Leves reducat nspedion)t
Sape|
e | Ser| ooto] oots| 0ces| 00x0] 05| 00| 0d5| 025| 040 065) 10| 15| 25| 40| 65] 5| | 6| 1| 0| 20| 40| es0| 1

AcRe| Ac Re| AcRel AcRq AcRe AcR] AcRq Ac Ry AcRq Ac R AcRq AcR{ AcR AcR¢ AcR{ AcR§ AcRY ACR§ Ac R

10
AcRe AR AR
l‘(ﬂl 12[23[34]56|78[0 11 1g2 A2 3
o 1|a 13[24)35]56|78[0 11 g2 22 3
o 1| W02 14[25[36|58[7 140 u 721 24
o1|a| g fo2f13 25|36|58|7 1010 19 721 2@
0 1| || o2f[13[14 36|5 8|7 1010 1914 1721 24n
P
o 1| W || o213[14|25(36|58|7 10 * P
o1~ 13[14[25|386|58[7 1410 1
| 14/25|36|58[7 1010 1
01 g 25
01|l
-

alzls

o = |~ o
N RS

°

02
13
14
25

pvz|lzrx|lczo|nmol|o o>
N

¢ Re| Ac Re| Ac Rl
2

02

2 X 02|13 356|587 1410 t

50 ‘021314 36587 110 1

80 0 1|-m~ 02|13|14|25|36|58|7 140 1

25 o 1| M| W-|o02[13|14]25[36|58]7 140

2m o 1|-m~| g fo2[13]14]25|36|58|7 10 1

35 [0 1|~ |0 2|13]|14]25|36|58[7 110 «

50|01 | o2|13[14]25|386|58|7 10 *
R &X]I [ 131425365371101'
- = Usefrd samplngplnbelowarow. Ifsarplesiz equalsor exoseds I or betch size, do 100 peraent irspection. Ac = Acoeptance number.
“B - e first sarmping plan sbove arrow. Re = Rejection nurrber.

t =K

JUN 4 uanansideniduaunisduiiegnstunaun 2

91n3U7 3 uazgUil 4 malamanununsduiegidlaglissdunisnsisaeuiitay Faduszduvesnis
ayaeUifioInsansuIumIegweImsnandilinaunmaadedmuasedes 10 aon warilmnuduuusvesteyans
fnogluszivveuiumaruaulunsv X-Bar R-Chart Usuendansinfifianuadosvesaiadsuazuunliunisinly
NsEUILMIATINAB YR IIUMIRARTUT 51 9 90 Tudeaen Feegluieulrvesngnisduidsunsduasiaasuli
ansaAsumansaaaeuanUniluieunanniumasgiu MIL-STD-105E Tnglduasgiuiifuuuamidunstmun
FuunsduaTaey Twiuidsuununsdunsaseuiiuuudeunans uideseusuanudsafistuiaduseiud
Tiedratiosas Ingldununisduiogauuuaiafio wasfmuasinseeusureadeli AQL 1.0 Wesidud dudy
seAulunmansraaeuiildlugnamnssud udrususuddesnismunuuainegaduan uidasseniuaaiu
Aanaadeuld [12] mufldszamnnudafumsduimsuazimnsiiiidos

MnfagUT 3 anunsadenldszdunismsinaeuuuuHeunaeisiuNIATIRABULUUTILAY 52 91nUadTidl

uuaenn1sHaneglutie 51 fs 90 Fusieaen lasiadidnys B uazdnnlnmsndagun 4 ansiadidnes B ay
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Igdmaun1sguiiegnen 2 Jusieasn dn1seusuanudess 1.0 wWesidud de 100 Ju we AQL 1.0 Weosidud wuinl

f3munmseensuredeluasn (Ac 0) Wonuroddevesaannsndn 1 AT aevin1sufiasasn (Re 1) wasninwy

Ygymdununmsnsnazdsuduiuuidunn

3. HANISALEUNS
HanaIINNTUTUTEURUNTEUAIBE 1MUY MIL-STD-105E Sis1wazidundisil
3.1 wansAnfunuraeInUuldusumsguiiegng

HAIINNTAATUNUNEINTUSULTUNUNNSdUAI0E19UUY MIL-STD-105E #ann51991 1

M19199 2 HANSAATUNUNAINITUTULTUN LN T

. v YAANITARIUATIAEDY
UIU (W)

o (u)
Lnaun & o o & o o & o o & o o
LAIDILYDUN LAIDILYDUN LAIDILYDUN LAIDILYDUN
1 2 1 2
1 42 42 5,040 5,040
2 a2 a2 5,040 5,040
3 42 42 5,040 5,040
4 a2 a2 5,040 5,040
5 42 42 5,040 5,040
66 a2 a2 5,040 5,040
7 42 42 5,040 5,040
8 a2 a2 5,040 5,040
9 a2 a2 5,040 5,040
10 42 42 5,040 5,040
11 a2 a2 5,040 5,040
12 42 42 5,040 5,040
504 504 60,480 60,480
594
1,008 120,960

9nmsed 2 1ieldidennassiuiugndlunisandiuiunisguaseaeunuitduunsduinnsivaey
Funuvenaiendeudl 1 waziadondendl 2 eyl 1,008 Fused Funulunisdudinnsraaey 120,960 Uwsed udsan
nslfununtsdusegnamunnn sy MIL-STD-105E dsUsuiuAsuannsduiunumudiosaiu 3 Sudeasn 9ntu
Wagudumsduiunu 2 Fuseass Feldannslanseuuaunsduiiog1a MIL-STD-105E

117551 MIL-STD-105E fndnnisadneadadusnasguildeglutiagiude ANSI/ASQ 71.4 uaggninldld
ogsunnagluniagaavnIsatudueueud Wesnannsndiefiulssavsnmmaniuaunmnweseldedfy
KaMsANY MU SnsnTunuunnsesanasann 4.2 Weddud wde 2.1 wWeddud idesnnszuiumagnasiaaeuegig

fivsgavsamannduwininuwazudledgymilisitu ndenisusuldununisdusiiegisuwuu AQL (Acceptable Quality
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Level) 531U 1.0 Feaonadasiuauideues Montgomery, D.C, (2014) finuinmsauiaoegnsmuuInggIu ANS/ASQ
71.4 Hrwanmnuidssvesian (Producer's Risk) lefegnafiuszansnin narnsasiaasuanas 15 Wedldud 1esen
aﬂﬁﬁmwﬁmmﬁﬁmmmaau Tnmaila Single Sampling Plan @0nAdodiuN13AN®I1V09 Magar, V.M. and Shinde,
V.B., (2014) #40511871 7 QC Tools saudamaiiansduiiogsamsaannainisnseaeulilaglinsznudenunin
agAUNUNIIRTIvEEUANAT 20 Wasliud NMsanUSinanmInTiadeuaenadosiUNANNINLATEgANaRTanaIMNT Y
fImsduiieg sl imnzandivandunuasuseiugaunw [15] egslsfnunisqudiegiaetalaivanzdimsy
nszuIuMsReIMsAIILIUEgEn esndilinnudssiiveniugnnuitiideunnses (Consumer's Risk) [16]

3.2 M3fanuANNRLKYIToYaNTInYRINTTUIUNTS

HaYDIANUNULUTTRLANTInYRINTEUIUNSHERVE RN SUTUT SR LN TdUfRE 19M1U319 551U MIL-STD-
105E andayan1sinsaenisldunugliaaunu X-Bar R-Chart wu3n deyansinlaeutsansivaeuvsendu 5 dnuae
n13¥a WA Aeugnvesuuaien (@) Anuniisesuuaden (b) anuniiwesmsdudn (© nisdudnaniaaisie
(d) wawsvBznsTudnvawie (e) Ssasegmelurouiuansmunuiinun Jsusiinssuiunseylussduiiafivsuas

aunsawensuls Lansisgun 5

Xoar-R chart of wt Kbar-R Chartof W1 Xoar-R Chart of Wt

i, o ) [N A A
I‘J S 31 il o v Xi
~ R . o co
] ey P

Xbar-R Chartof W1 Hoae R Chart of Wi

5UN 5 muduudsteyanisinveenseuiunsasniuuse

103N 5 WARIHAAMURUKUITRYANITIATDINTLUIUNTNAALALLAAINANITIATUIIUIINATOUY NN 1 Uae
wW3oadaud 2 1unan1sinmnuevemuIday (@) Han1sinAunIweIwlLtau (b) NsTUENAINFIAITE (0)
ANUNT1YBINTSTNEN (d) TeeensBudnvevie (e) nuiHavastoyalunsnuansfadadowazauiuwlstoyanis

TaveensyuaunsuanegluAmuanuulavasluduveuunnIuAl
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3.3 Wiguigutayanauarnan1suiuuss

HansiUSeuieutayanauuwagnain1suTuUTwasyai1raenT sianaInsUTuU s ldununisduieg i uy
MIL-STD-105E ¢401374%1 3

M13199 3 NMsSeuiisuteyaneulasnaINSUTUUR

Iwumsdnuau () duyu (Um)

flauusuuse 1,352 167,040
nasuTulse 1,008 120,000

NPNT197 3 uanensiSeuiisudeyaneuuanaainsusuuse iesnnislduaunisguaiaaeuiuuiay 1

Hunun1suutn lnansasiaaeulddunuidiuig 3 Fudoasnnsudn yilrduiunsinguauneunsUTuUnsau

De

Fuauwiiu 1,392 dadel wazdwalvsuyulunisdauindu 167,040 vmdel nendenisusuussaslduinsgiuns
dunTI9E0U MIL-STD-105E wutdrununisiatiunuanas 2 fsoaennisndn a1nn1sdamssamalidsuaumse
1,008 siwial Tgdununsin 120,960 vmnsiel SrnunMsFaTunLanasiady 25.44 Wedldud wazsiuruanadadu
27.58 \Wasidud

uanand §eldUsefiunansenuresnisansiuiudiedrenuivesnisnanudounndes Tnsdiase
AadauRnnaInIndeyadounds 12 Weu nuhdrsdeunnses (Defective Rate) luiifinduseslitoddyndsan
Sunumegnsnaey lnsmuRanandeglusefuiininin AQL 1.0 Wefldud deandestuiumianisuszifiuuuy
Economical Design #i5zyl3lusuues Huang (2018) Faausinnisandiuiudiegenelinismuguainadesannsn

ansunulaglidiinanudsswinuaunmiunasiieeusule [11]

4. afUTEHA

9INMTUNLNITENT8873 MIL-STD-105E wlflunssuiunisnmaasuiudiugusuidmaliauisaan
Funumansaadeu Tnsmsansuaudesnsiifesmsadeuann 3 Juseasn wie 2 Suseasn annsaUsendnaldane
1§ 77,310 vvsiod TuvaziAsafunisnsnaeudsasamnsadnunaunmnsuanldlusefuiignérimun Taounugd
AIUAL X-Bar R-Chart uandliifiuinnszuaunindndsnnafiosuazeylureuiunaiunu wanisdnuiaeandasiy
sATeveanisian Tawas [8] A4 MIL-STD-105E lunsiiulszansamnszurunsduiiensuazanduyusanienu
%94 Deadila Defiatri [9] finuin MIL-STD-105E @ansnuiuuanismusununnwlunmsduiegauazandoianaislu
nsarndeunantarifiiunnusuduld egrslsfinunsinuififedidalufunsansiuuieglunisasadey
Fsorafiunnudssunisliamsansanuieunnsesivgasenannszuiunisnan taslawglunsdfinszuiunsudn
fauduriugmieiiateRanaingn msvensuanudsinnisaanisnsaaeudesldsumsfinnsunuazdonnas
JuAUgnAIag1TALINLAZAITTANTUIUT UL UNITF udteg 1z auiud nwazve andusiusavUsvian
Tnglanglunsdiifimnuduruviederdmunfivivaingnd iwu Suduiifinnuddy mslinsduiedsiidunaty

WeshwiamnInnsanlrlaunsg
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agslsfiany nnsUssidiuanuiiaziduresnisasranvasaidvesdoiiu AQL sunsan OC Curve A
WHIN19Y8Y Dewi (2022) WUTIAMUAINITAVOILNY MIL-STD-105E §ogluszauiivausuls lnsianizlunsaly

nsgvuMsHandaAtndetuubazaIuaulas Jeisatvayunisidunuwuurauaaislunisnsiaasu lnuds

awnsadnwnnudndetielunun Tl [12]

5. ayUnauide

NM5USUUTINSEUIUNSAUATINEDUMIENT YU UNTEUAIBE1 MIL-STD-105E Sauiunisfinudeyadounas
shemsliusugiiaaugu X-Bar R-Chart lun1samunszuumsndniietislumsiinszsiuazmuguaiuiunysves
foyamsinnnszuaumsnanldetnsdivsyaniam wannnsusudgsiviliansoansiuaumsdatusuain 1,392
FusteT e 1,008 Fusiel Fsanas 384 Fure uazanduyuan 167,040 UWad Wle 120,960 U Wsed denaly

Usgndaanlddrglunmsnsivaeuls 77,310 el lurngndsnsUseansamminsivaeulilussduignAnivun

6. ANRNISUUIZNA

YA o

ideveveunnUITENIalAnuNlinueyIATIideyauaziduaaziaeSuIenTTIIUM TN e BN
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Facility Layout Improvement Using Systematic Layout Planning and Multi-Criteria
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Abstract

This research aims to improve the factory layout to accommodate the addition of two new production
lines for printed circuit board assembly (PCBA). An initial assessment identified that the existing layout could
not effectively support expansion due to inadequate workspace and disrupted process flow in Production Line,
resulting in excessive material handling and reduced production efficiency. To address these issues, three layout
alternatives were designed using Systematic Layout Planning (SLP) and evaluated with Analytic Hierarchy Process
(AHP) based on material distance, safety, flexibility, and space utilization. Alternative 3 was selected as optimal,

reducing material-handling distance by 40%.
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Systematic Layout Planning (SLP) luuumsiiléfunisseuiulusnudmnssugaamnis Wiodnneiufiuaziniesdns
T Boronslnavesianogaiusyansan anszorymamavugne uasiiuarundesialumasiiuen lneauide
WaNedUNUIN SLP 4111308058 8EN1NTINVRINT Mavevian tulssnuldegnedaiau [1], (6], [9] vaustieaiu n1s
Fnauladendafivuzauanuaneniadensiugesendemaila Analytic Hierarchy Process (AHP) wiaUseidiuay
WIS 9 1 AnuUaeade anuBengu wagnsliiuiiegnsdiussansam (2], [7) nsUszgndld SLP
ity AHP Faduuumefifiussavisua Tasanunsoenseduamninesniseenuuuddlssmiliineuaussdenadmne
FunsHARLaALIEY feogrsanedselulssuUELnnang 9 191 I5eueiiiaes 15snuews [3], [8] sy

nsfnwaryTuussalssnuvesuienluaselidalsUseyndld SLP mugiu AHP wieliin1sdninanenisudnludiin

q q

Usvansnngegn

2. nguiuazaideiineades

n3dnnedslssau (Facility Layout) lunilsluesduszneudifguesniseeniuussuunissdn (Production
System Design) TiflnansenulnensnaUszavanmn1skan AuruAsAnivny kagmslanineinsaglulssnuegied
Usvavisua Taslanzegnadslunisesnuuuanmulseneunislmiviensusulssanuiifslsesiumsivasuntag

2.1 M599219K315991U9E198 58UV (Systematic Layout Planning: SLP)

WWIAA Systematic Layout Planning (SLP) lasuniswamnlag Richard Muther 1wt a.a. 1961 Inefigngiavuneg
e uuumenssaneiiegnediszuu Tne SLP wWunsinnsananuduiusseninsiufivhauniefanssusia 9
sufensindeuiivesian gunsal uazusenu ieliAnUszansamgeanludsufifing Fumeunstinisnianas
Tssnuethaiiszuu (SLP) W lumsUfon Susuanmsdnunszuiunissdaioms evianudiladnvazanuy ms
Inavesian wavdadeilinentos sTmdeyananluiundndua (P), Usinanisuan (Q), wun1anszuiuns (R), N3
usmsatuayy (5) waznatlunisudn (1) dWeldlunisiesey mnduistuiunisiinseinisivavesian (Flow

Diagram) wazdaAYIILAUNINAINAURUSVDIANTIY (Activity Relationship Diagram) $218301579ANUENNUS (REL

o
[ @

Chart) iioUsziluanudnduvesnisdnneiudisie q Wunizandunisidauase TuneudaluAonsivuaiuid

oin15ld HasanuSumuileniivnla adaununmauduusuesiiui (Relationship Diagram) W9150i1U5UU593N
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2.2 mﬁmiwﬁﬁﬁuﬁy’u (Analytic Hierarchy Process: AHP)
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Guidelines for Improving the Efficiency of Drinking Water Production Process

A Case Study of Drinking Water Plant in Nakhon Phanom Province
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Abstract

The paper presents methods to enhance the efficiency of drinking water production processes through
a case study of a drinking water plant in Nakhon Phanom Province. Use fishbone diagrams along with the Why-
Why Analysis. To find the cause of the problem, 2 main problems need to be urgently resolved. The first
problem was a delay in bottling drinking water due to two employees working intermittently, which resulted in

unemployment. Therefore, the principles of Man-Machine Chart analysis are used to solve this problem. This

Journal of Manufacturing and Management Technology (JMMT) Vol 4, No. 1, 2025 (January — June)




p— Nsanswmalulagnisnaniaznisinng

\.\. ~a o o a
ERER U9 4 auun 1 ansImal - dguigy 2568
approach allows us to increase our employees' working hours. We reduced the cycle time from 9.32 minutes
to 7.76 minutes, resulting in a 1.56-minute reduction per cycle. Additionally, the average efficiency of employees
working increased from 49.99% to 60.12%. The second problem is filling bottles in quantity. They are not
equal. It is caused by the irregular distribution of water from the dispenser. Adjusted 24 water supply valves
and measured timers. As a result, the time required to add drinking water increased from the original 14 seconds

to 12 seconds, accounting for a 14.29 percent reduction.

Keywords: Industrial Engineering Tools, Why-Why Analysis, Man-Machine Chart, and Efficiency
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Abstract

This research focuses on reducing the changeover time of the plastic injection process and analyzing
the economic benefits of improvement. It starts with identifying and analyzing the problems that occur in the
changeover process systematically, using the cause-and-effect mapping tool to identify the causal factors and
the Why-Why Analysis to evaluate the root causes of the problems. The work correction and improvement
approach is developed based on the ECRS principle. The results of the operation show that the changeover
time is significantly reduced from 3,960 seconds to 3,582 seconds, which is a reduction of 378 seconds, or 9.54

percent. In addition, the economic analysis indicates that labor costs can be reduced by 348,872.8 baht per

Journal of Manufacturing and Management Technology (JMMT) Vol 4, No. 1, 2025 (January — June)




p— Nsarswalulagnisndnuazn1sinng

\.\. ~ A o o =
ERER U9 4 auun 1 ansImal - dguigy 2568
year, and the project has a break-even point of only 7 days. This study demonstrates the effectiveness of

applying the work and time study to increase productivity and create tangible economic benefits.

Keywords: Changeover, Cause and Effect Diagram, and ECRS
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Abstract
This research aims to investigate the effects of welding path patterns on the mechanical properties of
aluminum alloy 6061 under an automated welding process. The study utilizes a robotic welding arm integrated
with welding power source, operating under the Gas Metal Arc Welding (GMAW) process, also known as Metal
Inert Gas (MIG) welding. The test specimens are aluminum alloy 6061 plates with dimensions of 100 x 200 x 4
mm. Constant welding parameters are maintained, including a welding current of 180 A, shielding gas flow rate
of 12 L/min, wire feed speed of 6 m/min, and travel speed of 0.5 m/min. Three distinct welding path patterns
are examined: linear (without weaving), zigzag weaving, and circular weaving. Mechanical properties are
evaluated using the Vickers Hardness Test and Tensile Test. The results indicate that the circular weaving pattern
yields the highest average weld hardness of 70.38 HV and the highest tensile strength of 154.74 MPa. The zigzag
weaving pattern follows with a hardness of 64.10 HV and tensile strength of 141.39 MPa, while the linear pattemn
produces the lowest values at 66.94 HV and 135.44 MPa, respectively. These findings demonstrate that the
welding path pattern significantly influences the mechanical behavior of the weld in aluminum alloy 6061. The
research findings can be used as a guideline for developing control strategies in robotic welding processes within

the industrial sector to enhance the efficiency and quality of welded components.

Keywords: Aluminum Alloy 6061, Robotic Welding, Welding Path Pattern, and Gas Metal Arc Welding (GMAW)
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@18 (No weaving) n13aluu@nuen (Triangle) waznisanauuuinay (Spiral) unUseuisuainnuudvesianiy
Wie 1159 HV andfiuldidunuwdehunssuiumadonluynannensmaaes faauudainmuundensinie
Amnuudeesianiy faguil 7 sizanueunnnsidendmasionnuudsaserglieuiunssuiunsidsunas
Tnssadganaluiiuidldsuammudoulasiansuinuuuaion (Weld Zone; W2) fild¥unuseusnniigavinlvidien
mwmvﬁwﬁ"wﬁqm Faaenndasiu [11] MUSnMLULToLvesTLIY (Weld Zone: WZ) v wunssuiunsidey Saimau

waTige Weannanudeugwibiiianisasydulnveunsu (Grain Growth) lnswnsuiilngtuasiinnuwiana
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Weld Zone (WZ)

N7 N51LERINTITUTIUTEUAIAIULTS

3.3 NANSNAABUANULDILTIAG

a

NaInNsMaassiieuaraiiduunaingn 6061 fresiususiien Tasdmunnszua 180 uenuys msluaves
fing 12 Amseiowndl muEitlouann 6 wnssoun? Anasududen 0.5 wnsioudl uaznsveasaAUToNT 3 sULUY
fio lalfinsae, msdsuuudnuen uaznisdsuuuienay Tnslisosidevegmuminanswestusnumagey anuem
W 150 Ta81nT AVAMUITUNY 4 Tadng STy Gauge Length (G) YOWUNUNAEDY 50 Hadluns AUNINTFIU
E8 LilevadeumALssisiiaign warAnvuuilinvesrinssieiagltlufianisla suminsgiuues ASTM E8 fan1sne

1 5 919199 4 uaz3un 8

713719 4 Nﬁﬂ?i%ﬂﬁ@ULLNﬁ\WﬂﬂJiﬂ@@’m ASTM E8

1_av oy =
AlAaNN1INAEaULIIRY

Uadelunismeass
nInaae Msdude AuduIY AnaAuRsn e .
- F9YALNITYANIVDIIA] (%)
us9n9 (MPa) (MPa)
Laifinsdne
1 > 135.44 119.97 8.7
L
NSEBLUUTNLTN
L VWWWWAWA e !
MSANBLUVINAL

© uugoe, Tt 5

3.3.1 WpseirAnuudusifeatenevaiidounauinsn 6061

ANAULDUI IR BT LNUIINNIRae ez liuunanTn 6061 fevusumiden 3Inn1s

naaosAudend 3 JUuu TagansadnduiuUinaudusiweunulasesiduinisadivesianasgaaudiu
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1) nsiiudendienuuinan (Spiral) AAuwdusefe 154.74 MPa Sevaznistadvesianadi 9.7% lay

=De

N

WRAISLANTNTAUS IR (Weld Zone; WZ)

2) nMsihudendakuUdnuen (Triangle) A1ANWDSIAT 141.39 MPa Sosaznsdndivesianagf 9.1%

1AELANNSHANFNNIUSIMLLITBRN (Weld Zone; WZ)

3) naiwdenuuuliinisdis (No weaving) A1AUUTILTIAY 135.44 MPa Seaazni1sindivesianeyd

q

8.7% lpaiinnsuaninfiusiailinansenuanauseu (Heat Affected Zone; HAZ) avagvinaaininanaiilodoy

Uszanal 8-13 aduns

8% Tensile Test (MPa) =afiffes Elongation (%)

300.00 20.0
18.0
16.0
14.0
12.0
10.0
80
6.0
4.0
20
00

250.00

200.00

150.00

100.00

Tensile Test (MPa)
Elongation (%)

50.00

0.00

No weaving Triangle Spiral Al 6061

JUT 8 AnuudaussfauazSevaznisBadavesian

M13199 5 NMsiIguifiguAtafisuazAUwlIUTINYRY Max Stress ANUFULUUNSIAULWITEN

sUnuuMsAULUAZeN ARy (Mean)  daudsauuninsgiu (SD)  auudsusau (Variance)

laifinsdne
135.44 6.31 MPa 39.81 MPa?
(No Weaving)
ATABLUUTNLYA
141.39 3.67 MPa 13.46 MPa?
(Triangle)
ATAIBLUUNNAY
154.74 10.78 MPa 116.27 MPaz

(Spiral)

NN 5 MInedeuwsAFunuilizuLuunsAuLLIons1aiy wudwuudenas (Spiral)
TiAadugegn (154.74 MPa) wazilauuususiuanniign vaugiiuuu laiin1sdrg (No Weaving) lviradesan

(135.44 MPa) wandliiuingunuunsiiuiiondinanon ULl sivedsasiley
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M19199 6 NINAFBY t-test LUTBUIBUAT Max Stress SenINUWUUNTHIULLITRY

gjtﬂ?&lmﬁ&m t-value degrees of freedom (df) p-value
Spiral vs No Weaving 2.68 3.22 0.07
Spiral vs Triangle 2.03 2.46 0.14
Triangle vs No Weaving 1.41 3.21 0.25

NNMINAFBY t-test WIBULTBUAT Max Stress SeinausiazavaIuluUNSIAULUITeN WUl neilan p-

Y

o w a

value 11111 0.05 easuladn TfinnuunnsnsegralidudAgmneadia vear1 Max Stress S8nI19FURUUNITHALLLY

Weuns 3 suluunsgauudfey 0.05

4. a3y

lumsvnasadenergiifounauinsn 6061 sneviusudiden Tneldnszua 180 Taad snsnslnavesfinn 12
das/ it mnusilouadn 6 wes/und wazanudaiuden 0.5 wns/unit livinnsiwSsuiisudnuarmsiiuuun
eu 3 wuu leun nslidrs (No weaving), Msanswuudnuen (Triangle) waynsanewuulanas (Spiral)

4.1 dnwazveauuidon

nsiiuuuadeuTts 3 wuuannsadontanliRaduldimun uinuiuuadenildanmaiudenuuunas
(Spiral) fidnwazainanouaziinwanysalinniign wuadeuiinnunsiinsiinaenuunden shsanuuulaifinisdrs
wazuvudnusniuuidondianunhliaiaue iesnmsazauauieusyvinanszuiunsiden

4.2 msnaaouALLdesUuILTeY

Aenaudsluuinauuadon (Weld Zone; W2) flunliuidigailoisuiuuinadulunnangnisvaass
Fadunaananuieuiidmarelassadeganevesezgiiden viliinauundenildsuamougsaaiauuianas

4.3 NINAABULTIAS

msiudennuyuIsnay (Spiral) Wienanuudaussiinadegeani 154.74 MPa sosamnAauuudnusn (Triangle)
71 141.39 MPa uazuuubhifimsans (No weaving) agffl 135.44 MPa wandlifiuinsuuuunsiiuuuidendinalaonsie
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Toyauvuiiualngd IneUszandlilusunsudniagy gaianesu (Google Form) uaznaiialn (Google Sheets) lun1s
asrsuuuresudwiudafiudeya swuriugaines agdle (Looker Studio) iitevinisasuuasiinsnevinatoya nanis

Y @ U 1 3 o v a dl = I~ -
naaeaLansliliuIseuvansadivantuneuuaziIalunTinuatidnitade 30.33 wil anwmde 10.30 u1d

welusEAnsammsvhauAiTwaiesevar 66.04 Walileuiunalay
AdRey: naianesy naiativ ganes andle uasruunTIIARULAL IR IEitoyaTaudY

Abstract

This study presents the development of an integrated digital system for waste data monitoring and
analysis system for the production process of a case study company. The system aims to reduce working time
for operators in data recording and make the process more user—friendly, while allowing management to access
information in real-time. The system architecture integrates three main modules Google Form and Google
Sheet software to create data collection forms, integrated with Looker Studio for data summarization and
analysis. Experimental results demonstrated the system successfully reduced the operation process time from
an average of 30.33 minutes to 10.30 minutes, representing a 66.04% improvement in operational efficiency

compared to the previous method.
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ol Days Day8 Days Day8

Suspect
caie2/ vt & o L o

Total Reject 1 6 1

\ilmniminaa Trrequiar

immza Burn through

viaoama Blow hole

“hinsawn out of center

uitaudu Short weld

iautausnudiugn

\ilenidn Cold weld 1 1
Rebot f Electricity Alarm ERROR 3
Set up Set up

ol
Suspect 5 6 | s

caie2 w2

Total Reject 8 19 7

ilaniminaa Irrequiar 2 3

daumea Burn through

wasame Blow hole 1

“hisouin Out of center
uitoudu Short weld
\ilzntoamusfuid
\imnhida Cold weld 1 1
'

JUN 2 wuuresunisnsendayasiedniva (Wukx)

LWM REJECT MONITORING (START SIRIUS) LWM REJECT MONITORING (START SIRIUS)
Oefect  mevmaCal] a2 etorx dutact S . Targetafh defect

0
Feb-t War-2 A2t Ny unat na2a hgn €W CW27 CW2E CW29  CWS0 CW3EL W32 OW33 CWEE QW3S

LWM reject rate (SIRIUS)

July 2024 Aug’ 2024
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UM 3 Mmeinsmlagudeyadislusunsudniea (LUuhs)

nn1sAunsuUUAY asnuindtunsunsruaunshauiigideu Saninauardesnsendeyaluadly
n37RFRY washmthnuazdesnnsendeyaidudluasuuurleuiivienlifednea Sneraiineuianaialunis
nsendoyaRanaavinlfuuunesiniu 1wy n1snsentuiiniemsnneiastuauiin iudu Ssasdoadenalunis
MTIRABULAZ LA TR ARINA T

devhmsdunanluwsaznszuiunisvessuuuunmsiauiuui eUssidulssavsnmnisiem Rausinng
Suiindeyaadlulunsvdeuaufimslinnesitoyadiun 10 sou nuhluuazduneusinmsldinadsiuandlslumsned

1 Tnanstuiindeyaaddulunsisaeusasnisnsendeyaadlndidnivaudazasildiianaie 5.02 uaz 15.08 widl

v '
=

MUAAU eszezianliisiued fiuiuiudeyarendeiiintuluudaziu dwsunisvinsmasUdeyaldiaiuszana

U U

5.22 w19 uagn15iATesiteyadsldinaiusean 5.04 Uil deszernatlunisinauassduneugaingasiusyiv

Y 9

FEaglduATIABINITULEALD a3UNIR1URINTEUIUNTYINNULUURNNIIALAEREEWINTY 30.33 Wi

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




T MAINALULAENISHAALAZNITINATS
— | ,
,~ Lo U9 4 aduil 1 unsrAn - Jguiey 2568

A15197 1 128717159197 (huULAY)

nanlunisyinaunsazase wail)

Tumau <
1 2 3 4 5 6 7 8 9 10 iaf
Yuiindeyaadlulunsivasy 506 502 503 504 501 502 501 503 500 502 502
nsendoyaadlididnea 1512 1502 1504 1504 1505 1505 1502 1503 1502 1502 15.04
nmlaguteya 457 487 530 518 578 544 520 540 518 530 522
Tinsgiidoya 454 508 502 497 507 521 530 523 487 513 504
39 29.29 2999 3039 30.23 3091 30.72 30.53 30.69 30.07 30.47 3033

2.2 Awevianvsuesdymtasiuiniinisuuus

Tumsienegitgmiiindulunssuiunsfenuuariinseiteyatunuveadslunszuiuniudn 1414
\n3osileununiifnsuan (Fishbone Diagram) daidunsiiangiivieliifiuamgvanuazaiivnsesvesdamldesis
Ionau [6] Iweunannis 4M (Man, Machine, Method, Material) 417315840 ﬁﬂﬁmwﬁﬂmLmﬁLLﬁﬁﬁwmﬁmmﬁ
Aty FeeazBealugud 4

wiinomdssnsngoyanannds

lifaanuddeuuasioiam

Man Machines

1:
// " ( o aadszansmnluns

a - <o
AAATNURZAIITHDDYA

MasuuMiana

i
o -

vigmunndaluaia

Method

Measurement

JUN 4 nlasenlymiieusugiinieal

lémquinisananugauaisie ECRS (Eliminate, Combine, Rearrange, Simplify) 1l aU$uugenszuaunng
yauliduszansamanniu [7] Tnsanalumevhanusasfiuauazanauslunisdanisteya nedseasBon
ol
1) wdatumeunsinauiidndou Eliminate) vindndunounistuiindeyalulunsasounandnisaiiviilviin
AnugdouLay AN
2) msvilFineTy (Simplify) ﬁﬂﬁﬂismumiﬁuﬁﬂLLaﬁLﬂiwﬁ%aAadwﬁu Tneldipsosilofdaiivneanminy
dudouluusartuneu wavannsadiedeyaldnniinniia
2.3 Uuugansguiunsaiunisiyg
afasruuaTIaeuLainneitayatunurendslunssuiunsuanlaelilusunsudusogd gaines agile
nnmMsUinnsmduseingifeades nuidesnsgieyanniedesmaiuvends lnedseaziBeavestoyauazaim
sioamsldaudsieluil
1) mMauansteyaiumy

2) M3nsesoyanNiuN NEN1SYINL YENELAUATEY LarnneaYUTEaIATes

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




_— NyaswalulagnsEnLagNIsIANTg
\le X s o o -
ERE R U9 4 auun 1 ansImal - dguigy 2568
3) AvmliansduveddswazdndiuveddowuuseTu Innuvesdsniinlusenitangnsienu
4) gaATINTUNUA YATINTUNUEY warsanIIdndIuvaudy
MINusEUURTIIEeUkaE AT zRdeyatuurendslunszuiunisnds dnsuszendldlusunsudnsagy
o A a a v o v =y A £ s o & v &
wanelusunsy Auanalilugud 5 Suanbindnnunsendeyatunuindsmeadugaiianesy nedeyailavgniniu

= 1

Lilunaiatnleednlul@ Seeliantuneunisinnuididouas lidndusesiuiindeyayaiesiunaisnsa ndwin

v
a o

duteyaiiiulilugaiadnazgmirluuanmalugaines anile Fsazaiensmuazssauiigie siliduimsuas
winnuiifedosmunsaideoyaldfuiivuuealn [5) drelimainssitasnisindulasinitu uevaniaily
nsgvIunsagUuagiinseideyatadutuneuiifinnududounargeenn Tasfinssuiunshauuuulvidsiuans iy
gﬂﬁ 6

o 4 @
N 4 & LGoker StUGI0
4 el > ==l

Google Form Google Sheets Looker studio

JUN 5 mauszandldlusunsudniogy

nsendeyadunuvesdsadugaianesy

v

asuuagiasgiivaya

\4

wiluuazusuuye

3U% 6 nszuIumsieu (wuuln)

3. nansaniiuany

SUTl 7 uansszuuamasularliasiteyatunurendslunssuiunasdelasmsUssndliqeines agile
FaanunsnaianenusUiuusiieg mudesnns lneidenldiededionsy Adnelulusunsaliaonadesiuanudomnis
youflFenild Haguuuunsm ansne vieguam Tasaunseiinsziuasdansesdoyaiiivitold viligldnuiiony
rlalddemnndstu Ssazuansddoyafsfumneiariudiu Sunutunudetu Suufunuds waseandendus
Wieldenulymiintuluudas i

nmsAnynszuIun sl favdetussunshaundnisesiuneufe Wondhnuasiunu

voude szvinstuiindeyaatlupaiavesy deyavzgnimnulugaiiatnlaedaludf Mntudeyassgniuninsiz

¥ v
= o

wazlAnmamEgAnes agdle Jwgvhlinmuihdnuinauvesdeiiinduluidnsdinrendeiieglussaungeusu
lavseld Tnedanluwdaznszuiunisvesgluvumsvihauiuulng daandilunisd 2 lagldaatlunsnsendeya

wazNTIATIZTaYaLaTLAAING dataduwiniu 5.16 uay 5.14 Uil mua1eiu lnednaefieTanvensyuIung

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




MAINALULAENISHAALAZNITINATS
— | ,
]MM - U9 4 aUvil 1 un7rAs - dguigy 2568

MavanINNIsuteyaduwal 10 Aswwiniy 10.30 Wi

ADIENT LWM Reject Monitoring

N Quantity Defecx —— % Quantity Defect 8

| HH

o% |[ o

AUg27,2024  AUgZB 204 Aug29,2024 Dy Night
st

JUN 7 szuunTiaaeulariinTsidoyatiuueude

= o \
A5 2 LIA1N1TNIU (LL‘U‘UEL‘MEJ)

nanlunisyinaunsazase wail)

Tumou -
1 2 3 4 5 6 7 8 9 10 L8
msﬂiaﬂ%’aa@ 5.14 5.18 5.27 5.05 5.13 5:19 5.16 5.12 5.20 5.14 5.16

MYIATIEATOALAZUAAIHE 5.16 5.14 5.19 5.16 5.12 5:20 5.18 5.27 5.05 5.13 5.14

U

37U 10.30 10.32 1046 10.21 10.25 10.39 10.34 10.39 10.25 10.27 10.30

4. ayd

s a

nnsUszgndldlusunsuduiagupaiiaesy naiadv uavaanes andle Weasassuunsivdeuuas

]

€

Anseitoyatunuvendslunszuiunandn annsaanduneunansendeyafit-dou uarananufianarnlunianson
foyans Bnflatwanszernatlunsasluasiinneideyaieriureadofifing uld Tnenssurumevihaunoulnd
AUTI0ANTEIZIAINFUTINALIRRY 3033 unTl anwide 10.30 unil uieliussAnBnmmavinauAtundefesay
66.04 Wlawisuiunady fanswlusuil 8 fauansmsiSeudfisunamsinussninuuuifuiazuulgl
Tumstdnudmutgmlunsldauszuvey esmnndnaudmnnnudilawazarudunglunsldo
svuu Tnsnudmidnnunsendeyaadugaianesufianatn Fesududesdinsineusieafumsldnussuunsaaey
wazdinszideyatunureadslunssuiuniswdniiiauiu dvsunstestuaruiianainfifind uannshaures
uywd (Human Erron) ansaiilusunsudisasuduiiianuaniningandt wwu wewdv (App Sheet) sldunugaiia
a5y éﬁwmhEJammmﬁmWmmLLasﬁsaznaﬂumsnsaﬂ‘ﬁaaaﬁ 18], [9] WoNa Tl syUURALNT uFpatinsdouse

A s

a s & 1% Y = o & v = ol N o Y =
aut,mail,umiumﬂ‘tmu RIUU GNQ']LUumaQﬂJQUﬂim‘WW‘lﬂ%ﬁlll,l,aSig‘U‘ULﬂi@sﬂqﬂﬂﬂﬂi%ﬁﬂﬁﬂqW&LuigﬂUVUQ

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




MAINALULAENISHAALAZNITINATS
"~ | ’
,MM - U9 4 aduil 1 unsrAn - Jguiey 2568

a0

W17)

30.33
30

20

10.3
10

valunisianulaeds (

WUULAL wuuluy

U7 8 Wisuiiisunansianuluuds-wuuln

5. iRnssuUszne
NUATENlATUNTatUAY NN @1UTVITAINTIUAAINATT ANEIAINTTUANERT UM INe1Femalulad

FIVIARTAIU I NURIVBULNY kazTavauANUSENNIHAnwNlewas il @nw Tgymuagailivnunside

6. 1ONETE19BY

[17] Federation of Thai Industries, “Report on The Situation of The Thai Automotive Industry 2023,” 2023.
Accessed: June 30, 2025. [Online]. Available: https://www.fti.or.th

[18] Krungsri Research, “Auto Parts Industry Outlook 2023-2025,” 2023. Accessed: June 30, 2025. [Online].
Available: https://www.krungsri.com

[19] Department of Land Transport, “UNECE Regulation No. 17: Strength of Seats,” 2022. Accessed: June 30,
2025. [Online]. Available: https://www.dlt.go.th

[20] J. Lee, H. Davari, J. Singh, and V. Pandhare, “Industrial Artificial Intelligence for Industry 4.0-Based
Manufacturing Systems,” Manufacturing Letters, vol. 18, pp. 20-23, 2018.

[21] ). Ofoeda, R. Boateng, and J. Effah, “Digital Transformation Process and The Capability and Capacity
Implications for Small and Medium Enterprises,” International Journal of E-Business Research, vol. 15,
no. 2, pp. 97-113, 2019.

[22] K. Ishikawa, Introduction to Quality Control. Productivity Press, 1990.

[23] T. Barnes, “ECRS (Eliminate, Combine, Rearrange, Simplify): Applying Lean Principles to Improve
Productivity,” Industrial Engineering & Management, vol. 2, no. 3, p. 2169-0316, 2013.

[24]V. K. Khanna and R. Shankar, “Digital Transformation for Sustainable Enterprise Performance: Evidence
from Manufacturing Companies,” International Journal of Productivity and Performance Management,

vol. 69, no. 6, pp. 1254-1268, 2020.

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




T N3asneluladnsuankanIsIANIg
,~ LR U7 4 avuii 1 unsrau - Aguie 2568
[25] ). Meesuptong, S. Pathomsiri, and T. Naenna, “Development of Data Collection Applications for

Production Systems Using No—Code/Low—-Code Platforms,” Engineering and Applied Science Research,

vol. 49, no. 1, pp. 51-62, 2022.

Journal of Manufacturing and Management Technology (UMMT) Vol 4, No. 1, 2025 (January - June)




_— N3asneluladnsuankanIsIANIg
l\.\. ' aal -
ERER U9 4 auun 1 ansImal - dguigy 2568
a L3 (% v Y g (4 1 a < 1%
ﬂ']'ﬁ')Lﬂ'i’]gcl/i{]"\]ﬁ]Elﬂ'igU'JUﬂTiﬁﬂﬂ?ﬂuqLLiﬁﬂuq%ﬂaﬂ?qﬁJﬂﬂqUNQ%aﬂWiaﬂﬂa'] SKD 11

Analysis of Water Jet Cutting Parameters on Surface Roughness of SKD 11 Steel

o

SUANA

o

Sounmsiiya’ ganayd Falsana ndud Tnsnane’ ane 3o’
a¥l 25’ g3dnd ugBlavziin uay nuns yyae’
AN INGRAYNNT AEImNTIUAaRSkazmAlulad unineduwmalulagsvusadan

744 auugsuTwal dvaluiles unewlisauassvdnn Jmiauassvdun 30000

Thanasak Rattanapoottapiboon' Suraphot Watcharophakul'” Rungwasun Kraiklang' Chakat Chueadee’

Surat Wannasri' Surasak Matitopanum' and Phanukorn Bunsuk'
'Department of Industrial Engineering, Faculty of Engineering and Technology,
Rajamangala University of Technology Isan
744 Sura Narai Rd, Ban Ko, Mueang Nakhon Ratchasima District, Nakhon Ratchasima 30000

*Corresponding author E-mail: thanasak.ra@rmuti.ac.th

(Received: June 11, 2025; Revise: June 27, 2025; Accepted: June 27, 2025)

UNANED

Aol inguszasdifiofinunavesiladesng 4 ldud ussiui araniida svevenshdn uazeinuesansde
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dfnararnnuveuiegslidedAymeaia (p-value < 0.05) TnsArAINMEIURIT lFann1TMAaDsegluTIs
3.21 84 4.75 lulasiung ImaLﬁlaulmﬁdwawﬁﬂ'wmmwmuﬁwf’lqm Iur wsesun 35,000 PSI ALERA
20 fiadwnsaounil szozoniadin 1.64 dadiuns uagldarsdalauu Il Tnsuvudiassildfiaiauusiugigs
(R = 88.36% waz Adjusted R? = 81.03%) naanmsanwaiseiannsathluldduwumsdunsimuamsiines

ﬁmmzaﬂumzmumﬁéfﬂﬁwLmﬁuﬁquwaumﬁ%’m LﬁamU@uQmmwﬁamuu,axLﬁuﬂizﬁwﬁmwmiwam
ANMAN AYTURYIURT miﬁmﬁwl,l,iqvﬁ”uﬁ’]qq NNPBNKUUNITNAGBY hazTand—UiuLAY

Abstract

This research aims to investigate the effects of various factors, including water pressure, cutting speed,
stand-off distance, and abrasive type, on the surface roughness of SKD 11 tool steel in the abrasive water jet
cutting process. The study applied the Box-Behnken Design (BBD) for experimental design and employed
Analysis of Variance (ANOVA) for statistical analysis. The results indicated that all four factors significantly
influenced surface roughness (p-value < 0.05), with surface roughness values ranging between 3.21 and 4.75
micrometers. The optimal conditions for achieving the lowest surface roughness were a water pressure of 35,000

Psi, a cutting speed of 20 mm/min, a stand-off distance of 1.64 mm, and the use of Garnet Il Abrasive.
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The developed model demonstrated high accuracy with an R? of 88.36% and an Adjusted R? of 81.03%.
The findings of this study can be applied as guidelines for selecting appropriate parameters in abrasive waterjet

cutting processes to control surface quality and enhance production efficiency.

Keywords: Surface roughness, water jet cutting, Design of experiment, and Box—-Behnken Design
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Ifintervals do not overlap, the ing stdevs are signil different.

3UT 6 nansnadeuANUYINUYeIRULUTUTIUYRIALAYED

Wenaaeuifeyaiinnududaszreduniold Fuihnismaaeudie Runs Test daguil 7

Runs Test: RESI1

Runs test for RESI1

Runs above and below K = 1.134895E-15

The observed number of runs 21

The expected number of runs = 23.2222
20 observations above K, 25 below
P-value = 0.497

JUN 7 minageuanuludasyvesiniawviie

U7 7 WU P-Value winiu 0.497 Jannnindeddeydl 0.05 wansiuvasiivivesammnde dannuiu

daszRany

saufeyalifidnAvrdenanuasnuuind fannuuususiuiniy uasdinnududasseoiu Foili doyanin
nsnaaesaNugniBILaetield awnsathluivieianuwlsusiusely

3.2.2 HANTIATILRANURUTUTIU (ANOVA)

'
a

NMFIATIEANULUTUTIY WeRnwidvEnavesladudemiaume1uily wanwman1snaaeusagy
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Response Surface Regression: Roughness(Ra) versus WP, FR, SD, TA
Analysi= of Variance
Source DF Adj 55 Adj MS F-Value P-Value
Model 17 4.51587 0.26564 12.0€ Q.0o00
Linear 5 3.90257 0.78051 35.43 0,000
WE 1 1.26%60 1.26%c0 57.63 0,000
FR 1 1.69070 1.6%070 TE.T4 0,000
o3 ] 1 0.31510 0_.31510 14 .30 0.001
Th 2 0.62716 0.31358 14.23 0,000
Sguare 3 0.42856 0.14283 E. 43 Q.002
WE*WE 1 0.008253 0.00625 0.28 0.599
FR*FR 1 0.15185 0.15185 E.89 0,014
BD¥SD 1 OQ.28505 0.28505 12.94 0.001
2=Way Interaction % 0.15474 0.02053 0.93 0.514
WP*FR 1 0.01L763 0.01763 g.80 0.37%
WE*SD i 0.00053 0.00053 Q.02 0.878
WE*TA 2 0.11148 0.05574 2.53 Q.0%93
FR*5D 1 ©.03101 0.03101 1.41 0.2486
FR*TA 2 ©0.01756 0.00878 0.40 0.675
ED4TA 2 0.00653 0.00327 .15 0.863
Erroy 27 0.5%485 0.02203
Lack-of-Fit 21 0.48831 0.02325 1.31 0,393
Pure Error & 0.106533 0.0177&
Total 44 5.11072
Model Summary
s R-sg R-sgladj) BR-sqgipred)
b.148430 S8.36% 81.03% e2.60%

UM 8 nan1T AT IEviANILUTUTIY

NN3UT 8 aqﬂwaé’ﬁ

1) Yodouseiuni (WP) §8viswasioranumenuia esner P-value < 0.001 Ffiiosninsziuifud Aty
71 0.05

2) Yadeanusadia (FR) fdvdnasemanueuiuiiesaindt P-Value < 0.001 Jefliieeninssuiiuddsy
7 0.05

3) Yadusruveniade (SD) A8nSnanor1AName1UAl 1eswnal P-Value = 0.001 FefiAfesninsedu
Teddayd 0.05

a) Yadeutianse (TA) F8vEnasemanume1ul esana P-Value < 0.001 Fsfldiesninsedutodfey
#10.05

5) msnsevsantussninsateussiui (W) fullademnuisade (FR) llisvswasaususerinnumnetuiia
\los1nen P-Value = 0.379 Fafldwnniseiutuddad 0.05

6) n1snsevhianfusywinedadoussiuth (WP) fulladuszevenitada (SD) laifdvsnasuiuseanunety
77 \flosa1nen P-Value = 0.878 FafiAunninsesutiuddad 0.05

7) NM5N5EYNSIUAUSENI1UT8WIIR UL (WP) Audadesiiansie (TA) lufidninwasiuiumneaAInnuneI1uRy

19397nA1 P-Value = 0.098 &siAmnninszauiledAyi 0.05
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) lal

o

8) NMsnsevisuiusErinaladeanusidn (FR) dutliduszasensiidn (SD) lufidnsnasiutuseriannuneu

o A

N7 We9R1nA1 P-Value = 0.246 FadiAu1nninsyautedAy 0.05

o

1aa ' '

9) N15nsErsIutusEnIaadeausdn (FR) fudaduaiiansie (TA) lufidnSnasiudiusomianumneuia

v o o a

\flosanen P-Value = 0.675 Jefimannninseuiiuddnyd 0.05
10) msnseyinsuiuszrineladesseranitasa (SD) Autladeuiiangie (TA) ludidnsnasiuiusoAinure Uiy
\flosanen P-Value = 0.863 Jafimannninsesuiiuddnyd 0.05
3.3 MATERANNdNTussErinelade

anunsauanslaluanuurIeIiuRINanaUaUsd (Response surface) fsil

Surface Plot of Roughness(Ra) vs FR, WP

Hold Values
sb 2
TA GA-|

4.5

Roughness(Ra)
40

35

30

35
25 FR

WP 45000

JUN 9 ArAumeUEn (Ra) LWiguriu FR WP
18911153 ATIER AP LNEIURD (Ra) LABUAU W3asuLn (WP) Auauisisia (FR) TneanuisarUadsuwlas

seauld uaglisvezaniiasin (SD) adlinseAunans fAaguil 9 wudiin FR agsedugs WP agseiunans asvinbilariniy

WURD (Ra) agluseAuas wagdn FR agseausn WP agseaugs agvhlilarnnumenuiy (Ra) eglusedusi
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Surface Plot of Roughness(Ra) vs SD, WP

Hold Values
FR 27.5
TA GA-I

44

42
Roughness(Ra) N
40

JUN 10 A1ANUMETURN (Ra) Wiguriu SD WP

UL 8YINN15IATIEYAIAIUNEIURA (Ra) WIEUAULSIAUUN (WP) AUSTazeniga (SD) lnaa1unse

Wisuulasszauld uazliarudasin (FR) adliszdunans daguil 10 wuindn SD egszaugs WP agsedusii asvinli
laAAumeuRa (Ra) aglusedugs wagdn SD agsedus WP agseauas agyibiliranume1uiia (Ra) eglusedu

2

Surface Plot of Roughness(Ra) vs SD, FR

\ |
475 ‘ o “
450 ‘
Rt:»ughness(Ra)A.25 —— — ‘
E—— 3
400 ===

g‘dﬁ 11 AANURYIURN (Ra) Wiuiu FR SD

Hold Values
WP40000
TA GA-l

dlevhnslieseianaune Uil (Ra) Wieuiu anudasin (FR) dussezeniadia (SD) Insanunsaifeuudas
seauls warliussdui (WP) aslinsedunans fsgui 11 wudnd SD egseuge FR agseaus agvililaranumenu

H7 (Ra) agluszAuas wazd SD agseausn FR agseaugs agvililarnumeuis (Ra) aglusedusi
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3.4 mylasgieulunsdafivanyau
Tunsmeulafimunzauiigndmsunuideiarfiasandiaanuvevintesfigadundnsenisldndnnis
<

Optimization #4A9u Response optimization vaslUsunsy Minitab Inglunisiansunarssautadsiumngauil fag

NITUNBANSVIRIUTNBUAUDY ANAIUNYIURD (Ra) LAAINARIT

Optimal WP FR SD TA
b 0gg1g Hih 45000.0 35.0 30 GAll
SEERIE cor [35000.0] [20.0] [1.6465] GA-Il
Predict Low 35000.0 20.0 10 GA-I

Roughnes
Minimum

y = 3.2688

d = 096182

-

JUT 12 uananseulunisiniivangay

N3UN 12 wuienameuiatesdn nnduidleldseauladouseiuti 35,000 Ueuddensnsneils AULSIFR
20 dadiunssioundl seezeniiadin 1.65 daduns wazldnselnuu | iauveuiidesaneg Nusyum 3.26879

lulasiuns Tnefiszduanuiiansla (Desirable) agil 96.18%

4. 3saluanisanduau

nadnSIINNIIRaRInSaiuandliiiiuidadoussinh anudae szeventadn uarvinvesarsin dnasorn
AMENURIvBANENNEN SKD 11 ethadlifuddnyneadid (p-value < 0.05) Tasanumeviaflldegsening 3.21 fs
a.75 lulasiuns Insaenadasiunan1sAny1ves Chandar et al. (2024) ua Salian et al. (2024) fis1891u3n9Ln
Lmﬁu‘jﬂLLaxammmL%’;ﬁmdqwa‘[.ﬁmﬂfnwmuﬁaamaaaﬂwaﬁﬁ&ﬁﬁmmdaaa (4,12]

ANKHANISNARBINUIINITAAKIIAULIRIN 45,000 Psi 10U 35,000 Psi @nansaanaauneuialanasosay

a v

36.72 WAEN15AAANLEITNIN 35 mm/min W 20 mm/min Twanauveuiaisfesay 28.90 uenaini n1s
denldansdnlnum I Safuszazeniafing (1.65 mm) daaliranameruianiigs Jeaenadesiunanisfnuves
Venkatesh (2024) uag Halim et al. (2024) #iszyinauifvesansdauarsyozonidnidnsnangaiifoddnysoninu
3yUrRITL [9,13] HANTTATIZRANLLUSUTIU (ANOVA) atuayunants3de Insuuudiassdatauutiugigs

(R2 = 88.36% uwag Adjusted R?2 = 81.03%)

5. d5Uma
HAN133TBA1INNITATIZH ANOVA a3Ulaan Jadeuseiun anuidadin ssozaniain wazelnvesansdn
finaseA1AureIUlvewnannal SKD 11 egsdldedAynieaia (p-value < 0.05) TngarAuneuafilaainnis

neaealiAtegludag 3.21 89 4.75 lulasuns Fanuindeulviiliriauneuianian Ae wseduyi 35,000 Psi
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AIULEIAA 20 mm/min szezeniasa 1.64 mm wagldarstalnuy Il darauntug1909uuUd1aouviiv
R? = 88.36% waz Adjusted R? = 81.03% lpeiltadeiidwananunimiiuinfiands anusida (FR) F-Value = 76.74
F9IA4IAB UIIIUUIWP) F-Value = 57.63 segzaniiifia (SD) F-Value = 14.30 Uagyilansig (TA) F-Value = 14.23
AuEWU FamanTeansaldiduunmdunsimuamsfiwesiuangadlunsdatanieusiuiiguiioniuny

AunMEULABg1dUsEENSA ™

6. NARNITUUIZNA

nuITellasunisatuayunseddle 1389305 LAZTANNITNAGBIIINAIUIIAINTTUOAAINNIT UN1INLRE

WAlLLAEITLIAADANY UATIIVELN
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Microscale Mechanical Properties of (1-x)Sr(Fe, sNb, 5)O;-xBiFeO; Ceramics
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UNANED

q’luﬁé’ﬂﬂfﬁﬂquaﬂﬁuLf?jmaizéfwamﬂLLaxT,maa%Nmﬁﬂmamﬂmﬁﬂiwu (1-x)Sr(Feg sNbg 5)O5-xBiFeO5
(x = 0.00, 0.01, 0.05, 0.10) ‘17'1'Lm%‘&méf’mﬂﬁﬁ%&namuwauwﬁq ¥ThaeilassaianasematansasuLTe
Ydond (XRD) nutuesdndlasaianauuumesenalndszuuseiinsreudnunngegisuiansi x < 0.05 lurngil
x = 0.10 HufwlauvanUasuindu annfunsieaeunnumuuiusieisendaliianuinnnumuiui gt uain
4.28 g/cm? (x = 0.00) tJu 5.53 g/cm? (x = 0.10) LALATIVADUAIAMNLTILULININDIVBUYIIN WUIIAIAULTILHR
A1g3qn 4.80 GPa 7l x = 0.05 Mniufirnanaunde 3.04 GPa 71 x = 0.10 iesinnisifnimanlanyUaouiagaumyu
lulassadeszauganad i lilind innsiiu BiFeO, @gljﬁ x < 0.05 Lﬁaﬂmﬁ’umstﬁmLWaLLUaﬂUaamLazmquuﬁ
anvouantRdang iwdnfldiTamnedmumslinulugunsaiulamdanuis Wuwesussnagameauarllasuony

1L NIADINITAIUNUMUGITEAUANA
Aman wandinuesendlng Anuudesydugania uazgUnsallUamaauda

Abstract
This study investigates the micro-scale mechanical behavior and crystal structure of
(1-x)Sr(Fey sNb, 5)O5—xBiFeO; ceramics (x = 0.00, 0.01, 0.05, 0.10) synthesized via solid-state reaction. X-ray

diffraction analysis confirmed a pure orthorhombic perovskite phase for x < 0.05, whereas the x = 0.10
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composition exhibited a secondary phase. Archimedes density measurements showed an increase from 4.28
g/cm?3 (x = 0.00) to 5.53 g/cm? (x = 0.10). Vickers microhardness testing revealed a maximum hardness of 4.80
GPa at x = 0.05, which decreased to 3.04 GPa at x = 0.10 due to secondary phase formation and microstructural
porosity. The BiFeO, content should be limited to x < 0.05 to prevent the emergence of undesirable secondary
phases and porosity that compromise mechanical performance. Ceramics with optimized BiFeO; loading are
therefore well suited for micro energy harvesting devices, microscale pressure sensors, and micro—actuators

requiring high durability at the microscale.

Keywords: Perovskite Ceramics, Vickers Microhardness, and Micro Energy Harvesting

1. umin

Turaemmsswiinuun Sanwsindmiildfunnualegwdedosluandidnnseinddaaios
Wuwes uazszuudanandsan Instamz fanesifinlulassaaneseralnd Sstinnudavgulunmsuiuudsandfing
T autRusivdn uagautRidenald Wunsauauesduszneumaniuaslassairsgania [1-3] nilsluan i
LLu'ﬂﬁﬂumi'ﬁwmLﬁamiﬂizqﬂﬁéﬁﬂa'nﬁa L58NTUTEUU Sr(FeysNbg5)O5 (SFN) [2] wdnaaaud@niglniives
w318n SFN aglasunisAinwiiuedianinans wiandiidanalagamgluseduganiandudaiideyadnin lnaaneen
aruudanuuininesvesesndin SN Suliimudrfinsussiiudranmauisuiisudinnuudauuinnes (2-3] de
anandAdsnadutladuddpenaidenldianlugunsalfiFeandaussmana 1wy gunsaiulamdsan, fnsedy, ua
Janlulpssasnslulasdidnnsetind (Judu [4-8] MmsfinwAinuwdsszdugania (Microhardness) wuuinines 3adu
indesfleddylunsussidiumnumunmuvesiannigldlvansundn uaglflumsiinmgsimadouanmuesaslusedy
1598519 19957310 (1-x)Sr(Fey sNby 5)05-xBiFeO, (1-x)SFN-xBFO) fwunliufiaziluldlussuundanusaades wu
FuAuAsmdsnuanmsduasiiion uazdudasdygraililuanmnndeuddauulsusunianags Snvadly
asnuiuudsesdUsznaurielimngausunisldaueweduld madilangAnssudanaluseduganiadadu
fuguddnylumssenuuutanfioneulangvvimnssuetnedady

nATeiFajuiumsfnynginssuifnaseiuganiaveseiin (1-x)SFN-xBFO TasdssifiuAanuudauuy
Inines ilonsraaeunansiinveedusznou BFO selassadiganauazantiidena ileymegnsuszendliluany

AunsInULazaUnsaidInseylueuan

2. 52108U3599Y

Tunsneassiildmssusifinanseudeulesoululowun 4n3 (1-x)Sr(Feq sNby 5)05—xBiFeO; TutFunauay
ududosaz x = 0.00 - 0.10 Tnslua Fuaszidieisufnienaniuzveuds lnsansasiuie ansoudeunivasiun
(SrCO,, 98.0%, Aldrich) laseusanlan (Fe,0,, 99.0%, Aldrich) lulaiaupeanlan (Nb,Os, 99.9%, Aldrich) wazJasin
aonles (Bi,O5 99.9%, Aldrich) vhnisuawauilenlaeldgnuawesliafadudivasazldionuealudigiensyaied
yoseumaituie 24 $9lus MnduthasuauiivaasBeaudaunyiliuiuddnauslasnissouiunzung wdiun

wupaleiigamgd 1100 °C Wunatunu 3 4alus dednsnisliausaui 100 °C/unit dmandn (1-x)SFN-xBFO
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~ & o al a ¢ ~ - i v v v ¥ o oA < P
Aenaaley dnauiulndlfiakeanaged (PVA) Faluansdauienanududusosay 1 lneuntn Wonauasanas
asfilaludntugUlidunsenszueniifivinaduriuaudnatsuszana 10 mm wasvuUszanm 1.5 mm lngldiepdes
dnszuulalasinderuduuuin 40 MPa Wuaiuu 25-30 Jundl didefidaduguluwndumesfionmgil 1,200 °C
& o o o v A o v S o @ a 4 N ¢ v a ¢ i a
Wuraan 3 9alus Weedionsin1siiniuseuil 100 °C/lad ntutdags18nAWITULgashal 1136AS1ERnI1sneLie
wialagldin3osmsraeunisifisnuunesisd@idnd (XRD) aniadeulasiaiisganiamendeiganssmididnnsounuudes
n51A (SEM) MAAununsuueses1inms e lalneendendnnisunuinuiivesesaing
dwsunsnsideumanukluuinnesiuinieninuihnsiamenseawnseie lianiisaesinuey
Tuszuru Mntudenintinsunisisovainausludalmainendunszaniagldnadnmes ¥insaduauuuaIadn
a15 Waladuauindunszanwdltldeuliwie ety maasuairnuwdsuuinnesiasldiasasinainnuwda

szRUYanIA (microhardness tester) lngn1snasmelvanuuin 300 N3 1Wwan 15 3ud Fanrsmaianuudauuin

NBIAIUNTOAUILARINEUNTN (1)

H, = (1854.4) — (1)

1ne# H, An ArAuddlumiievesinnes (GPa) P Ae lnanfiliuiming (N) uag d Ae AIANNENIRAEYDS

WAUNLELUVDIT0ENA (M)

3. HANTSIY

ceramics
|
x| x=0.100
i it e A F—
= ‘ x=0.050
é __J\l A f‘ J A VR
e A g A e h
pr
2 | | x=0.010
..UE_'-) ) s ,.;J’l‘-....‘,, / '\..WW
] |
x=0.000
5 I e
. = ICSD no. 01-070-5965
S S3 gsss 85 @
e g °2 e 8 a 83c
88 ‘ R R S
| | i
T T T T T
20 30 40 50 60 70 80
20 (degree)

JUN 1 sUuuumsideauuvessididndvenssniin (1-x)SFN-xBFO
sULUUNMsIEIURYestadiand (XRD) veaasilnszuu (1-)SFN-xBFO uandlilugui 1 wulmniiafingaada
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AdRey: Tannatafinaeulndn ninduaurugriies audinina waraudiniinuiou

Abstract

Plastic Composite (PC) is a material extensively utilized in the production of louver panels for
architectural and decorative purposes. It enhances the aesthetics of both interior and exterior buildings due to
its lishtweight, strength, durability, and environmental friendliness. Therefore, studying the material properties
of louver panels made from PC is essential to select the most suitable and efficient material for architectural
applications. This research focuses on a comparative study of the mechanical and thermal properties of three
types of louver panel product plastic composite according to the standards of the American Society for Testing
and Materials (ASTM). Each case was evaluated with five test specimens. The results revealed that PC | has the
highest hardness, tensile strength, and elongation of 56 Shore D, 13.08 MPa, and 2.14%, respectively, indicating
good strength and toughness. PC | also demonstrated better impact resistance and bending resistance than PC
I'and PC I, which exhibited lower impact resistance and flexural strength. In the deflection temperature test,
the testing results indicated that PC |, PC Il, and PC Il manifested slight differences in deflection temperature,
but no significant differences were observed. Moreover, the thermal analysis showed that thermal properties
and bond dissociation energy values of the materials PC I, PC Il, and PC lll exhibit no significant differences. The
findings from this study can provide guidelines for the development of high—quality louver panels that

effectively meet both aesthetic and durability requirements.

Keywords: Plastic Composite, Louver Panel Product, Mechanical Property, and Thermal Property
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2.2 nMsneaauanUani1ena (Mechanical testing)
nMsnadevandAGanalunisinedl Usznouludae 1) mamadeurinuuds (Hardness) 2) n1smnaeusn
AIUNIULTIAY (Tensile strength) wagszevdnafagaan (Strain at break) 4) N1IVARDUAIFIUNILLITINTEUNA (IMpact
resistance) LAz 5) NTNAFDUAIRILUNIUNITIANE (Flexural strength)
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2.3 MInaaeugun)inIsLausi (Deflection temperature testing)
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