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UNANED

HaNsENUBISRIINIsuaiuasnisinlansulozgiiflan-5%lasdeu-3%uwuaniila-1%ansoudey
(5Cr3Mn1Sn) sien1susvanmguseansuseneuddlansuaziaginafinddneululavenauezaiilon-3anou-min
(Al-Si-Fe) ﬁﬁﬂ%mmsmmﬁﬂ 0.5, 1.0 wag 1.5% (Wt.%) J8n51n15uded 2 e dmsudmaeinisusuaninla

| Ao & o o P a aa & a 1w
HANINARRINUINNBNTINTUTR 0.2 °C/s Iassairaganiavaslavenanergililen-ganou-1.5%maninn o

Yauna B (B-AlFeSi) LLaxgwwViﬁﬁuumiwqj Turaziinisiulangusl 5Cr3Mn1Sr Usuna 4% lulavenay

9

ovgiilou-Faaou NUTUILEIRIMAN 1.5% Hu aursadsugusieveana B ldnareiduia o
(Al,5(Fe,Cr,Mn),Si,) 191 IuﬂuwﬁgwquﬁLﬁmﬁuﬁﬂummﬁﬂaﬂ HANSENUTBITAT NS LTS ansseEss T
aoswassiuaulsn uwazlsuanminagmeainddneululasiadiegania nssaudusenindnsinsudadniwaznis
dalanswlannsayiuaniniansusneudlavsuasiadanouldmoey Tnaawzetdillavensan A356 uas

lanenauezaiifon-amou-0.5%wman Msdnsziuuaa B lulavenauesgliilen-T8aeu-1%wan way 1.5%

wian Akunisusuan mlaanaaindu 75.80% waz 55.36% aua1au wideidaunsaazulainnissinduves

gnsmsudsiigauasmafulavew dwwafdenunniunurdeuayUszansamlunisuiuanimma
Arddny: 9nsINuDesa wla B-AlFeSi Tanenavergiiilen-Famou lavieuy
Abstract

The effects of the cooling rate and the addition of the Al-5%Cr-3%Mn-1%5Sr (5Cr3Mn1Sr) master
alloy on the intermetallic compound and eutectic silicon morphology in aluminum-silicon-iron (Al-Si-Fe)

cast alloys were investigated. The Fe content was set to 0.5%, 1.0%, and 1.5% (wt.%). Two cooling rates

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 1
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were used to analyze the modification of the Al-Si-Fe cast alloys. The experimental results showed that a
low cooling rate in aluminum-silicon-1.5%Fe led to the formation of the B phase (B-AlsFeSi) and porosity
during the solidification process. In contrast, aluminum-silicon containing 1.5% Fe treated with 4 wt% of
5Cr3Mn1Sr master alloy can change the shape of B phase to a phase (Al;5(Fe,Cr,Mn);Si,) morphology, while
significantly reducing porosity size. The rapid cooling rate reduced the SDAS (Secondary dendrite arm
spacing) phase and refined the eutectic Si morphology in the microstructures. The combination of the rapid
cooling rate and the addition of the master alloy fully modified both the intermetallic compounds and
eutectic Si, especially in the A356 and aluminum-silicon-0.5%Fe alloys. Fraction analysis revealed that the
B phases in aluminum-silicon alloys with 1%Fe and 1.5%Fe, treated with master alloys, decreased to 75.80%
and 55.36%, respectively. It can be concluded that the combination of the cooling rate and the addition of

5Cr3aMn1Sr master alloys can enhance the quality and modification efficiency of castings.

Keywords: Cooling rate, -AlsFeSi, Al-Si alloy Master alloy

1. uni

ozgiiilondulanzuonnguivaniidanud Sydmsunissantudiusieg Tududmnssy esnianu
vty 2.7 ¢/cme WewSeuiieuiumdnndn 7.874 ¢/cm? (ﬁqmmﬁﬁaqﬂﬂﬁ) Fedamasevmindliun &
Aansuenasny waziuniunsianieuldd ndulanznavezgiifon-saneu (ALS) nsadmiusunaodi
Unasindaneu 4-12% Wudrunauvdn Jexldiumnluilagiu Weminauandinisnadia wu anuuds uas
aruudauss uagannsalunisivasvesihlavediginsuuuldd Tnslamyegddudiiirududougs (1)

nsuudouvessmmdnlulavenauorgiiiion-S8neu dumasonisrofveana B fdnwundudusn
(Needle-like) danaiderianuaudfidena [2] uagvilbiingnsuuiiaalng wa B [3] Uﬂamimﬁauuﬂaqgﬂiﬁwm
wla B Iinanewduwnla oAl y(Fe,CrMn),Si, fifidnvasadefisnusdu (Chicness scrip) au1savilalagLfing
Tasudlon wazuenidaludlavevaouivar [2] mnmsdsuutasdnuazuayguinivilfauanifidnanes
Junuvdeiinau Usinafiguessndaaeululavenaudssasouuudaduagimaindaneuifiuuiniy Ty
Unflaginainddreuiilildiunmsuivanmwiuidnvazsuihauuiu (Plate-lke) Fudugaisudulunisnfinnnu
W uazanauudiuss euinilen sauiienudvestunude (4] mmusuagaindaaouliidvuadn
annsahlalagniseugusnsmsudasi (Cooling rate) [5] Tunszuiumsnasdifisasmsudeinsluniuuuimin
0173 Tuvaugiinszuaumsvdeiidnsinisudeiadi 1wy nszuaunisvdelnsauuunatedu (Green sand) Teouifiu
sinaneuisslusuuuulavenas Al-10%Sr Uunal 0.02-0.04% [4] s1naneuiisnvihuiifidnrnenisidulaves
wabdnou dswalimaiulnveanaddneuinduldvansiianms (2] viliidnvazsuiadnuaznausu (Fibrous)
PndnuurdnandmaireauautRidnawazeunievedunuvde

9INMINUNILNFIUNTINTENLIN Qing Cal wazAne [6] IiAnwInanszvuvessInusendiauasiniia v
nsneaedulansnanezgiidou-danou-dnifa-man-unania nulewesymain wWisuiiteuiulansaauii
YSinaganeulnalAssiuginasin tnsa A383 (Near-eutectic) nuinsmusanilauasinfa dwaliiinasuszney
ildnuarsUsisvoaduwsiu (Plate-like) wazfou (Block-like) lulnssadrsgania Svuaeglugi 5-20 lunsou wa
SMARDULIIAY NUTAARIUMULSRdiAgan iy WewTeufleutulanenauinsa A383 luvaeiidaans
n158aganas Ossama Elsebaie [7] lf@nwinavesansoudonnazuunia Mavadlululansnavevgiideon-

Famou-NoA-uNNTToN-18n APANLAINITARIUNIUAITNTELNN (Toughness) YAIIINNIUATLUIUAITOUUN
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(Aging) :NNMIATIAdRUlATIATINIANANAIIINAITHED (As-cast) wuTameuiisNaansaUulURsugU gy
ARndaneu A ngunsdliuiueu (Aciculan) naeidugunsafifvuiadn Tdnvasdulaswie dnszanediegng

dlaue Lazdauenl (Length) anas daang19NNsaAIANLUTe) (Ductility) LaZAIAIINAINITOAIUNIUATT

ﬂimmﬂﬁqﬁu AMSLALLLNNTTE 0.45-0.65 Lﬂai‘l,%um%aﬁ'mﬂ'ﬂ danarouTuadla O-Al(Mn,Fe,)Si, ﬁLﬂ/A\lliJlJ'lﬂ%u
wagdanuinAnnisnesveaannou (Sludge) dnvaziiudou iesnuTunudndiuvessimmanuaziusnia
lalmnngau LLazLfl‘umms;ﬁﬂﬁmmé’mmu’imwsﬁﬂumqmzLmﬂaw‘i’wan M. AMNE ELAHI uaznaeug [8] laanun
maﬂiwwaqﬂizmumiﬂ%’wqafﬂamLLazﬂizmumimﬂmm%autﬂ'ammmmﬁm (Toughness) tay
Auatdsatunssuusanszunnlulanenanezgiiifiouinsa A356 dn1598NLUUNITNARBINANYY dN1IE
Usgnaude Fusufiinunisvae (As-cast) Funushunisuiulssmunansulasnisdulonzuliein AL5%Ti-1%B
%umwhumaﬂ%’uamwLWagmﬂaﬂ%ﬂau ?Eumwi’mmiﬂ%'usummmsumauﬁ"uthumsﬂ%’vﬁmm%lagmﬂaﬂ%ﬁﬂau
LAZNNANIZNITNAFBUNIUNTZUIUNITNIAMINFBU T6 HANITNAFBUAIAIILRDIINUT %umuﬁshunwﬂ%’uﬂqa
mnsukarFuan magwafndanew ndsiniIunsEUILNTT T6 fatauuds Armnuwmies (Toughness)
WAZANANNTALUNITTULSINTEUNNGINIINNG AN1IENITNAGOU
dwunAseiidunsanvnanseuresdnsnisudeiuasnsiialansusl 5Cr3Mn1Sr Aagus1veula
B-ALFesi uazmagmaindanevlulavsnaunanesgiidion-Saneu-wan AifUSinaivansnaiy 0.5, 1.0 way 1.5%
muﬂy’mmmwmaﬁwwda ImaﬂﬁmwLawwgwguﬁLﬁmﬁumﬂmsLL?Ns“hmaaﬁwlawﬂuimm%mammﬁLﬂuwam

nmstudouvessimmdnlulansnay

2. YUABUNISNAADY
2.1 Taniguad 5Cr3Mn1Sr

s
<

USunadnauvedlansuditiamnniuliunainnisvasuergiillenuians (99.99%) Usuiu 5 Alaniu wa

funalAsllenuIgs (=99%) Ysuna 0.25 Alan3u 31nUSEM Sigma-aldrich Antunaslaznausygillileu-75%

a a

wian1a Usuaa 0.20 Alansu waztunsuanineiulanenanergiivilon-10%Sr Usuna 0.5 Alansu Iagldinn

Y

willgnilniauden gaumginisvasueglugig 1800-2000 asriwaides

a %

FUNUNAFBUTANTEAENIIELaTENTATa8LIuaBETaMU (Colloidal silica) AMRINUNTUNUNAFDUAIEY

a1sazaenddiunanvesdngy 190 Iaddns nsalunsn 5 1addns lelaseaein 3 Uaddns uavlelasvigessn 2

£2)

addns muanu nsrsdeulastainganialasldndesganssmibidnaseunuudensin (Scanning electron
microscope, SEM)
2.2 msuSvanmnalaenisiiulaneia 5Cr3Mn1Sr 9n1nsudeagn 0.2 ssrmwaldea/und
nsiwnUsinadadiuveananlulavenay ldunnsvaeulansnanezgiiion-3daeu Usuiu 10
Alansy mauﬁumsgﬁﬁ‘ummﬁﬂ @Usuausnnan >99%) Yua 0.05, 0.10 wag 0.15 Alaniu auaau laeldinn

willgnhlviihanude gaumgiinisvaseglugie 1800-2000 asrnaalTed

9 Y

[
v

dwsunuddeiiiieliiunansenuresnistulowressimuaniulavenaulitnuddy fideldeeniuy
msnnasnlowru lnstlansnalezaiiilou-38aau-1.5%M80 NAaiaslukUUNaaNisnsIN1Tulsf1Lasnis

Y

@ v a

nasesnUTulTilaensiiudnsnsuliuaziflansial lavenauldlumsnaasinelanuideiussneuselans
naneyglileu-Taneu-man THiUSunas1aman 0.5, 1.0 way 1.5% uandlunnsed 1
lavznaunasuiigaumgll 800 esmngaded lumuwileniauda Wuwan 30 wit anduudealy

ik uURTisnsIn1swlsiagn 0.2 esrwaldea/Aundl Javiumginisudeindsgagigaialunisulaiinenae

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 3



JIEA

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

o o

181 [9] dmSunisnaasalesdy wazluudlluundnnaiflons1n1sudedia53a157 (Rapid cooling) vuA

Lﬁuﬁﬁguéﬂawq 30 dadiuns dmiunseuIumsuiuuse

A15199 1 N5OBAKUUNIITNARDY (Wasidudlaguviin, wt.%)

Tanznay M35 TIA 5Cr3Mn1Sr

Neaulaidu NEnNTINITWIFIA

Al-Si-1.5%Fe i -

Al-Si-1.5%Fe M1 4

U5uuse Inglddnsnnisudadag

A356 (AL-S)) 157 -
Al-5i-0.5%Fe 157 -
Al-Si-1.0%Fe 157 -
Al-Si-1.5%Fe 157 -

U5uuse nglddnsnisudaiudnasfulaveul

A356 (AL-S)) 52 q
Al-Si-0.5%Fe 157 4
Al-Si-1.0%Fe 157 i
Al-Si-1.5%Fe 157 4

Tudfutumeunndondsmnlanenauviaeuvanfundndunaguianii (Covering flux) waziialavsusl
5C3MN1Sr Usunaunisiiudnnunldd 4% (Wesiudlaetmidn, wt.%) naidrsilanglunn 30 v 19ufa
p13naudmsulawianian 3-5 uil ﬁwumqmmﬁmﬂfﬂawﬁ 750 ssrwadua Tusduwuumadnnd Aifldnsanns
wiafaganiiiy 10 esawalsa/Aundl Tnsdmuamnumuivessisuusiniy 8 faduns thiusnuvaaeuds
ASEANWNIIBLUBS 120, 240, 400, 600, 800, 1000 waz 1200 N3A AUAIAU Tnazld8nR8@NTAYAI8LYIUAREY
Fanou AARIMTTLUNAE U IaNsaraeTilduNaLvesndY 190 Jadans nsalussn 5 ladans lelasaae
in 3 faddns uarlalasvigessn 2 1addns aud1du asvaeulassasnganialagldndesganssaluuuunas

(Optical microscopy, OM) wagiausunannaniuasuudadagldlusunsuiinsizsinienin (Image analysis)

3. HaN13IY
3.1 laseasreganinvaslanewsl 5CraMn1Sr
lassasesganinvaslansudainndesganssad SEM Usznauseina AlCrMn @v12) ddnvazidunrisen
= Y < v = = i v a o =
WAZIWAARTDULTIY aNYUZLTUNDUNANTLIALEN (AY1IEI19) NTZIBFIUINAVBUNTUVDLNE O-Al AIIFUN 1 113
WATILNDIAUTTNOUNLATIAEEIUNINIIIAS TIEBNDUUUNTZAENWAWU (Energy dispersive X-ray spectroscopy,
EDS) Mld5mundasqanssmididnaseunuudensin iedudussivszneumaniivedansudlunsidell wanslu

AN5197 2
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L
LIS

b
n

BEC 20kV WD10mm x200

UM 1 lassadreganialavizusd 5Cr3Mn1Sr anndedganssal SEM

A13197 2 asdUszneunmaaiilngldinafia EDS wuugn (Wosiduslaginin, wt.)

aeAUsZNaUNINAL (Wt.%)
AU pvaiiiiley Fanau Tasuleon wianila AnTRULTEY Widin
1 77.64 - 17.37 4.99 - -
2 77.56 - 17.44 5.00 - -
3 69.15 8.75 2.55 5.46 0.69 13.40

3.2 Inssasiganinvedaenaneailidon-Fanou-1.5%wmEn Sn51n15ulaeis 0.2 ssrnaaidea/und

msAnudmsnsudailanenaniidnsnsudsinn WenSsuifieulasaiqanauazsansemuannnis
Usuanmlaensifslavzuiiidmadegunmauvdeansasinisudeiniinn duandugud 2

Tassganmvaslanganezgiidon-Sanou-1.5%man snsin1sudsineh Ussneusowa B iflawenieg
g9 50-100 luaseu nszremuiaagwainddneu waglassasigmaindanouiidnuae sunsaliuiueu
nszaesegily fuandlugud 2 @) wenainidaugngu (Shrinkage porosity) fintunMsudaiuiama
B fvua 50 luasou fauansluguil 2 (0 msufvanmmialaonisifnlanzusl 5Cr3Mn1Sr USinanisiis 4%
anunsauSuanmila B nanewdumaiifidnvasademsnusiu luvasiivinauazsunama B anasegradiulaidn
Tnevaavdelulasadisganiatiuadntoswitu wasgnsuiiinanmauisinfeduuinaa p fvuadne

LU ]

Tur4 5-10 luaseu Fauandlugud 2 (b, d) mmwﬁﬂiumnﬁmgwguﬁu esnnisnesveaa B Tusening
nszvrunTudeiy Favanenistowdniilans (3] Wiguauiiianisuadiannsdsuaniugainueaman
naneifiureuds uasUimaufaivudouluilansmandusnanmguildiddnyfidmanonisunda [10]
3.3. lassadganiavedlanenanesgiilen-Fanou-wan ulssimsilukduuumannd,
Tassadrganinvedlansau A356 uazlansnanorgiiion-Saaeu-man AUSuusIman 0.5, 1.0 way
1.5% wansluguil 3 Tavguan A356 AUunasigmani uazlansnauezgiion-8aaau-0.5%man wuininns

fefvawla B Usunaudntes Tdnvasdududun uwanduguil 3 (a-b) WelSnasgmaniiuduwiiu 1.0 uay
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1.5% deawaraUsuiauna B uazadueiiingintu nglanized198anusum 1.5% duanslugua 3 (c-d)
HANTENUINDRIINSLTINTIAGT danareuSunaua B fanasegiann Weolisuiisuiusasinisudsinnem
0.2 psAngaidea/Aundl uansluzunl 2 (a-b) wenanddmuindnsnisuduinigatu dwmadednvueiinauuuves

waddneukazanszeriavetvuidosunuls Faudulddaau AUl 3 (a-d)

Shrinkage porosit Ia
Sl

»

.-

JUT 2 lpssassqanalanenauezaiiion-8aaeu-1.5%wan (a waz o) Lidiulavewi (b waz d) Wnlavzul

- B-Al5FeSI

5Cr3Mn1Sr, 895101560987 0.2 asrwaLdua/Aund
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g 1 & D

Y

JUT 3 Inssassganmalanenauezaiiion-8aaeu (a) A356 (b-d) widin 0.5, 1.0 uaz 1.5% Auady,
Fn51nsudedSlundiuumannadn

a a

3.4 lassadiganinveslansnauszgfilon-danou-nan ndwiunisuiuanmalaenisiislansu

Y

5Cr3MN1Sr USunaunisiial 4% wiasaluwsinuuwman

a a a

Tassadrsganmavedlanzrau A356 uazlansnanorgiidon-Saneu-nan fUSuus1gman 0.5, 1.0 way
1.5% siunsuivanimlnemsiulanzual 5Cr3Mn1Sr uansdsguil 4 wuinlassaiaganaveslansnas A356 way
lanenauezgiifon-3amou-0.5%man innisnedveanadsnyidululasaisgania naagnainddnou
wazliusinguna B LLamﬂugUﬁ 4 (a-b) Lﬁaﬂ%mmﬁmmﬁmmﬁu 1.0 wag 1.5% wuusuiadwa B anas ueld
ausausuanwlimeluanlassadagametunumnasuld fuanddusuil 3 (cd) venanidmuimanseny
yosdnsnsudesiinazmsiiulaveus Mdunanvosanseudeonluguuuy 19%Sr lulansusl 5Cr3Mn1Sr dsnasie

SnwusnagARNgansUNALLWNmIA Aaanslugui 4 (a-d)
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i‘U‘VI 4 Iﬂﬁﬂﬁiﬂﬂﬂaﬂﬂﬂiﬁﬁuwﬁ‘u@ flvu-gamnou (a) A356 (b-d) Wan 0. 5, 1.0 uag 1.5% G]’]llﬁ’]ﬂ‘U RTINS

LL‘UWI'J?’JWLTJLL@%LG]@JI@%% Wal 5Cr3Mn1Sr

v
o 1

Mndsmsudeiiigsiudmaievuauazgusisweasiaiiiounidn efaglifunmlassadrsganels
fnubstu §3deldnseaeuitidiveegs 1000 Wi uandlugudl 5 wuilassadrsganialansnauesgliou-
Faneu Ysunaundnteswiiiu 0.01 uay 0.5 % Ysunanisiiulansusl 4% Useneusiema o dnvueadiefidnys
Ju (Bunv) uazaddnreuidnvaznauuy fuandugui 5 (a-b) mslivsingfweama B lulassaisgania
asafuduldinisinlansuiluyiinm 4% tu isavedmiunsuSuanima B naresdula o lvioun
oghdlsfnudoviinasmmdniduinnty madslanzudluinawinidy aunsoanyiinaa B lhanadld uell

aunsadsunlaana B lavianualulasaiigania dauansluzun 5 (c-d)
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Aﬁk 1.3‘
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U 5 Tnssadsganmaiimdmensgeedavenaueyvgliflon-3anou (a) A356 (b-d) wén 0.5, 1.0 uaz 1.5%

u‘!ﬁ.’r

ALY, FRsINSHIEISInaztinlanswd 5CramMn1Sr

3.5 USunaunanavmiieiud (Area fraction)

U

JUN 6 uanaUsunaulanenienilsiiuiivelanenan A356 wazlavenanezafilon-anou-nin Ml

AsUsSuanInLile
25
® (3-AlsFeSi in Al-Si-Fe
’ ® (-AlsFeSi in Al-Si-Fe with 5Cr3Mn1Sr
m o-AlFe,Cr,Mn).Si, in Al-Si-Fe with 5Cr3MnlSr
=
215
=
3=
S 1
=z
0.5
o il ‘

A356
Fe content

JUT 6 Usunauvla 3 uaz oL siewtheiuiivedlavenauniivunaunanuandsiuuasdnsnsudsiagngs
Tavignan A356 Aldlunsmaassasediismudnd TuTuawa B winfu 0.16% weUSinusmmanidia

v
]

gauinfiu 0.5, 1.0 uay 1.5% danadeuSuianna B denilenisuniiugeduindu 0.34, 1.08 uag 1.66
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mud1du viasanyTuanimlagldlanzual 5CraMnisr aslululanenan A356 wazlansnavezgiliiloy-Tanou
USunasauwmin 0.5, 1.0 war 1.5% nwuiidSunaa B meliainlassadaaniavedlaneuan A356 wazlany
azafiflon-Faneu NHUSISINWAN 0.5% wazaunsaanusuaua B laindu 75.80 uaz 55.36% NUTUI

SWAN 1.0 Way 1.5% Auaiu

4. afUTEHA

miAdvatuijuiuAnuinanssnuvesinanmadsiuaskansenunspauiidmasiowa B uazina
anou lasnsisuiiisulassairsganievedansnauiisnsudaiunndiaiu dnsusnsnisudsiafidives
Tavenauezgfiflon-daneu-1.5%wman e B Tdnwaziduuiuen wasdvuelng iesananiililunisudsig
u smezgiiflen wan uazddaou dnannulumsunsindusiu iWefinsanlassamdnveaa B dlaseans
HANWUU Monoclinic dewalrinnisnedaziulafianiuied [2] lneunfinaddaeuiifanisnisdiulaluiiFnig
<111> uagtinnns Twining luszunu (112) Fsdawasiodnuuzuasgusaveaadaney Aflgunsdaiuvueu 2]

Mndnnmandeiidiuieatuy uiiinisusvanmalasnsfslansu 5C3mMn1se aslululany
‘Viaa‘uLWﬁ’Jﬁ’]G}IﬂiLﬁlﬁJQJLLaxLLMﬁﬂ’]ﬁaﬁ’mﬁ’lﬁﬁﬁLﬁ%M (Promote) n1sAofveaa o wnufia B [2, 11] dwmFunis
dalanzudlunsuuanimaa B du sndudesiiansandadiunisiiuvedanswllfinunzgan [12] detaslnly
Tnssassvestunuvdetiauysal wasdumsanuinugnsuiliafuainmsnesvenia B

nsufsifigeannsauiuanima B 1ilanuenianasegradiulddn (Uil 3) wa B finardevasdmiv
naivlavesansUsenouidslans Sedmalaonsstevuaiidnuarduasvouna B [11] daumaginafniiisusig
yuaLdn 1ndasmsudeinfas dsaliouninisiassuaiuiiiogmainandias inadanougnuiuanmima
Tinauuuld (5] manszmuannaestadevanluanifed vssnousedammaudsuazUiinusauan siglasiden
uusnila wazanseudon Mduasluluguuuuveslansusl wudramsauuaniwa B uazivadaneuldesiad

Bewlulavenau 356 wavlavienaneygiilon-Taaeu-0.5%an uansdaguil 5 (a-b) wla B Ysuanmnateiduwia

oL MilanvauzAdemenysiu vinawsuvessduauls egslsimudioUinaumaniulavenanfiuuniu 1.0 uay
1.5% msidnlanewd 4% W s19lasdenuazwusnidalianansausvanima B Wimeluanlassaieganiala

weaunsaanUsunalvanteaalavintunarliiinnisnesmveana o
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v © o Y 1 1 Y 1 tdl a 1 aa tdld 1 1
5.1 8amnsulsitidmadodnuasusiwesa B Nensvunlvy wasiadineu Nisunseiudueu

Tuvaugiinsusuanmlnenisifnlavewl 4% anunsausvanmla B Winanedu o 16 uasa@dnreugnuiuann
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HdnuwuzAnwazNaNLY
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5.2 $as1nnsudeiiigsdanasouunauazuinla B fanauasaddney Avuiadnnszaned
ariiane

5.3 dasnsudeiafigauaznsifnlanzus 5Cr3Mn1ST annsauiuanmma B limeluainlassaing
qamaldlulavgnaniiduinasinuanding 0.5%
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nMfeidumsfnsanifvedansiiude 18 wt.o% Aiisinnesuns (Cu) uazduiies (n) Wusiaide &
USunaudiunas 80-82% waz 0-2.0% mudnsu Tnsvnisiuieudisulaveduide 18.03Ag Saasedfitdian
ANUTELNA mﬂmwﬁLﬁumﬁmiwﬁmwaauauﬂ’aw'mmamwmaq%umaaummmaﬁlﬁﬁqﬁ nskanlanz iy
18 wt.% FiUSansNaNTemematianas wardudsniiuduinariranumuuiuvedunedeudiuui i
anasedreiios Tunadeuiiidnsinisuan 18.03A¢ 79.75Cu 2.02In FeflUSinaanuiduduremesunuas
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é“ﬂwmzimqa%wﬁ;amﬂsuaasﬁuwmaaulmﬁmmimﬁlammaa esnnreswninardufsnainsovaearaenay
sundiulangdu WulangSuide 18 wt.% Iugﬂmaﬂmiazmmawﬁmﬁaﬁm (Single phase solid solution) ag
spdevinsg q wanihifintsusnva Sunnaeunniulidnarlasadeganiaduaulesy Afsnvundu Core
Structure tAadu Coring Meluinsu Sudunaninnisiilansiianinduialuanneiiiniiauga n1siaa
seAuAvestunnaeun A3 QiAsEUU L*a*b mamnsgiu CIELAB iinnsiUdsuutas Tasdinavili A1 L* (a1
Awaing) Suwilfuanasesseideadevsnadutuvemeunsanas ludiuvesd a* Anuduag) Tuwsliudien

anadngeiawiod dwalirseaudnnsanad widaududidenduundu wagludiuvesen b* ((Mudwdes) anad

' P
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NAABUNTTNTINTHEAL 18.03Ag 79.75Cu 2.02In HUSUNIUAITLTUUDINDILAIYINAU 97.50% YBIDURABULYINAU
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Abstract

This project aimed to study the properties of 18 wt. % sterling silver metal containing 80-82%
copper (Cu) and 0-2.0% indium (In) elements, respectively, comparing with 18.03 Ag silver alloys imported
from overseas. Based on the physical properties of the test pieces, it can be concluded as follows: The
mixing volume of copper decreased and the indium increased mixed with silver metal, making the sterling
silver metal 18 wt. % dilute, resulted in a continuous decrease in the density of the test pieces. The one
with a mixing rate of 18.03Ag 79.75Cu 2.02In composing of concentration of 97.54% copper and 2.46%
indium had minimum density of 8.50+0.02 ¢/dm3. The microstructure of the test specimens did not change,
since copper and indium could be melted into silver metals, becoming a silver metal of 18 wt.% in the
form of a single phase solid solution. Every test piece had a dendrite microstructure with a core structure
formed within the grain, caused by the metal water cooling in faster-than-balance conditions. For the color
measurement of the test specimens according to the color space of the L*a*b system according to CIELAB
standard, the color value changed, resulting in a change in the L* (brightness value). The trend continued
to decline as copper concentrations decreased. In the a* (red) value, the trend had continued to decline.
The red value softened, but the green color increased, and the b* (yellow) value showed a decrease in
yellow, while an increase in blueness, which resulted in a mixing rate of 18.03Ag 79.75Cu 2.02In with
concentration of 97.54% copper and 2.46% indium with a color level most closest to the test piece 18.03Ag

The most imported alloy, with the lowest E value of 4.48.

Keywords: Metal Sterling Silver, Copper, Indium
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A5197 1 NANITAATIEN ATIVFDUEIUNELNULARVDITUNAGDU

Sample AndIUNTITHEN (%) naflAaNNITATIZING (Wt.%)

Ag Cu In Ag Cu In

18.03 Ag Imported Alloy 18.03 NA NA

18.02 Ag 81.98 Cu 18.00 82.00 0.00 18.02 81.98

18.03 Ag 81.70 Cu 0.27 In 18.00 81.75 0.25 18.03 81.70 0.27

18.06 Ag 81.46 Cu 0.48 In 18.00 81.50 0.50 18.06 81.46 0.48

18.04 Ag 81.24 Cu 0.72 In 18.00 81.25 0.75 18.04 81.24 0.72

18.03 Ag 80.93 Cu 1.04 In 18.00 81.00 1.00 18.03 80.93 1.04

18.02 Ag 80.76 Cu 1.22 In 18.00 80.75 1.25 18.02 80.76 1.22

18.02 Ag 80.51 Cu 1.47 In 18.00 80.50 1.50 18.02 80.51 1.47

18.03 Ag 79.75 Cu 2.02 In 18.00 80.00 2.00 18.03 79.95 2.02

3.2 nan1sAne1AaszinsraseuandanienenIw

3.2.1 AUV

INMTRATIER ATIRaeUAANLMULLLTBITURFeUlanyRuEe 18 W% HauNaduAd WazHAL
nesuns-Buifion wuhdunadou 18.02 Ag 81.98 Cu fiinsnausmmesnufissogafediiamumuutiugan
Wi 8.90 g/dm’ %qﬁmqmdﬁumaaﬂamﬁuﬁia 18 Wt.% WauneLnI-duLieluazundeu 18.03 Ag 7
thidhanssUsgmafifiianumuuuriniy 8.76 ¢/dm’ dsnan1sisey naaeuiuanduguil 5 uideting
Beswdufsnfudlunuivinumsnaududeniifistulinalimarumnuiutunegoulansiuio 18 wt.o%
fuwltufidanasedrsreiiouUsuniufuuinuressnduisuiiiutuddusunansiioudsudemai

WUTUURINBILAY (Cu) wazduLie (In)

9.00

8.90
550 £ 876 877 877 875 873 g71
' 8.61
8.60 8.50
8.40 L
8.20 t i i } t i i

18.03Ag 18.02Ag 18.03Ag 18.06Ag 18.04Ag 18.03Ag 18.02Ag 18.02Ag 18.03Ag
Imported 81.98Cu 81.70Cu 81.46Cu 81.24Cu 80.93Cu 80.76Cu 80.51Cu 79.75Cu
Alloy 0.27In  048n 072n 1.04ln 1.22n 1.47In  2.02In

iu (g/dm?)

AIHAUILUY

JUT 5 nTllUSeuLiiguAANIMMINTEUNARULANEIWAED 18 WE% HANVIBILAIUALNBILAL-DULALL

3.3 anwazlassainegania

nAsAnuTieTIze nreaeudnuurlasiaiisganiavestunaaoulangiiuio 18wt.% wa
esuAsarnaas-Susuiildannivdetugd nuituneaeunniuidnuuslasaianaiueulase 7
&nwausfu Core Structure iaidu Coring ngluinsuiiiinnnisiilavsfnnsuiluaniigiininaunad
Snwairfuandlusuil 6 - 3Ul 7 uazguil 8 uonaniidainsuilddsdvuaiideudndlugdssalidunauneluld
adiauedsdnuaizlassaiiaganiaiisuiuununwaugalaiu-nosunaiu-duien waziu-nouas-duliey
wuidn Buifenanunsaazatslutiu wazvesunsldfludnvaraisavaizveauds (Solid Solution) lugUvewa
(Ag+Cu)
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4. gyduazanusiena
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d' v va o a ¢ ' aM Yoo = av o 1 =1
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NUILLLTTUNAFR AN TIUAsULUaiL ULl Aanas0E19s0LEed 1ABTUNARDUNLENIIN1THEL 18.03A8
79.75 Cu 2.02In #398UTUIUAMILTNTUYBINDILAWYINAY 97.54% (W30UTUIUAMULUNTUVDIDULABILNAY
2.46%) HAANuILLUANEAWNTU 8.50 + 0.02 g/dm’

4.2 Funeaeulanzidulie 18 wt.% NUsznouniutu (Ag) Masiad (Cu) BULABH (In) WU AISEAVEDY
FunegounuA1UIHIAsEUU La*b aun1nsgiu CIELAB ansidsundas Inedinavinl A1 L* (A1aduadng) &
wirliudiAfindusgesaiesauilargeganindu 101.95 NUSuaANUTNTUYRIMNBILAIUIAUY 98.51% (V30
USinuanudutureduieuiniu 1.49%) fauandidfiuindunageuiianuainaiudy wdsaintiulsinadudu

Py ' oA A o g v 1 ~ Y A 2 v ' oA ) v g 1 2
YomeslasanasegreLllowdinayinlian L* duuilduiiranaseadntoysg ooy Felansliiiuntunngsu
fruainsanas Tudmvesan a* (Inuduay) dunlduidianasediswoiies dwalirszavdesnlundunanas

I @ A a X | ! a A ' oA = vz 1 L ~
uadlpnududideninuniu uagludiuvesan b* Inudinies) anasedsmaiiios Juanslmiuindunaasuil
Anududivdesanas uadanududinSuiiunniu Junegeunionsinnsn1nas 18.03Ag 79.75Cu 2.02In

P390 USUIUAIUTUTUVDINDILAIYINNY 97.50% (MFUSUUAINULVNTUIBIDULALILNAY 2.46%) TA1STAUEH

IndiRgaiuiunnaay 18.03Ag Imported Alloy Haudaassantid1and19UsenanInfgn InedAdianivil

c
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Abstract

The sample company is a contractor of compressor piston ring parts for an air conditioner
manufacturing company. The production process is the process of grinding the inner hole of the ring to
have a size of 20.6+0.05 mm and a resolution of 0.3 micrometers according to customer requirements, 500
pieces/day. The production process requires 2 workers working with 2 automatic milling machines. Cycle
time is 105 seconds/piece, capacity is 257 pieces/day/machine. From the data collection and analysis by
multiplicative activity charts for man-machine type, it was found that in each cycle, employees had 61
seconds of idle time per production cycle as 41.90 9%, productivity before improvement as 0.0095
pieces/second/person. This research aims to improve the work process of employees to increase
productivity in the compressor piston ring manufacturing process. Industrial engineering tools consisted of
7 waste improvement principles, multiple activity charts and man-machine type were therefore used to
analyze to consider the workload of each employee. Then use the equation to calculate the maximum
number of machines the operator can control. To lead to improvements in working methods to reduce the
number of employees that are unnecessary. From the calculations, it is found that the maximum number
of machines that is 1 employee can control to 2 machines. It is found that the idle time from work of
employees decreased from 61 seconds/cycle time to 7 seconds/ cycle time, decreasing 54 seconds/cycle
time. representing a decrease of 88.52 %. The utility value or percentage of the amount of time that
employees can work increases from 41.90 % to 186.67 % with the percentage of time that the machine
can actually work at 82.07 % and can increase productivity, and it can be increased from 34.27
pieces/hour/person to 68.54 pieces/hour/person, an increase of 34.27 pieces/hour/person, accounted for

100 %

Keywords: multiple activity charts, utility, man—-machine chart, productivity
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Abstract
Railway infrastructure plays a crucial role in both the economy and society. Deterioration of these
structures can significantly impact the safety, efficiency, and reliability of railway transportation systems.
Therefore, railway infrastructure rehabilitation is essential. This research aims to investigate the multi-criteria
decision analysis (MCDA) techniques employed for railway rehabilitation. The objective is to develop a

methodology to assist in selecting the most appropriate rehabilitation strategy for each scenario. This
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research utilizes the MCDA framework to develop the methodology. The MCDA method comprises the
following steps: Identify Alternatives: Define all possible rehabilitation strategies. Define Criteria: Establish
factors crucial to the decision-making process, such as cost, safety, duration, etc. Evaluate Alternatives:
Assess each alternative based on the defined criteria. Analyze Results: Analyze the evaluation results to
select the most suitable rehabilitation strategy. This research develops an MCDA methodology for railway
infrastructure rehabilitation. The methodology encompasses various tools and techniques that can assist
decision- makers in selecting the most appropriate rehabilitation strategy for each scenario. MCDA is an
effective tool for railway infrastructure rehabilitation. The MCDA and FMADM methodology developed in
this research can aid decision-makers in selecting the most suitable rehabilitation strategy, ensuring the

safety, efficiency, and reliability of railway infrastructure.

Keywords: Railway infrastructure rehabilitation, multi- criteria decision analysis ( MCDA), Rehabilitation

strategies, Decision-making criteria

1. unin

@ ' a

Tassaseaniugiunasalifiunumddgsessuuiasugianasdeny n1svudsesalmduinisvuddud

7 3

a a v '

wazilneansniiuszdnsnmuazAual YrganauLedauwissauLLastaien1teInNa ag19lsAnu laseasna

9
v

ﬁugmmﬁdwmmﬁm%zyﬁu{]zymmnﬁamm‘wmumanm daansenusionUUasniy UsEansnIn Lagadiny
Uniofiovessruunisvudmissalil [1,2] msluanmlassairaiugrunssalndsdarusiduegebadie
fnwimsiauivaenfouazivssAnsamvessruunisvudiniasaly mw'fmﬁu%Lﬁmﬁ’maqwa‘ﬂﬁﬁwﬁ
wangautududounasiime Sududesinnsandafovareusznis iwu Funu Araaonss szeviian kanseny
siodauanden waranuidu (3,4, swideilddnwinsinmgimsinaulauuunatstads (MCDA) Thinunldiile
nsiuaninmssoln WimneReiioRauiinsfiannsadedaduladennagnsmsiuyfvmngauiiaadmiy
uiazanunsal muddeildnsounslinszsinsdndulauuumanstiads (MCDA) Tunswawunisn1s MCDA uas
FMADM shudssnausetunousine s

1. spymaden: fwuanagydmsiuniduly gt

2. syynui: fvuatladefiddysenisdndula lwu dunu puvasnds ssezinan Yav

3. Uszifiumadon: Ussilumadenusdazniadensuinaeifiimue

4. Aesevikadns: nnzinamsUssdiudedonnagnsnsiuyivanzauias

AToiiiaL38ns MCDA way FMADM dwisumsiugianmmvnesal FBnstivseneudoiniesiionay

wiadiadne 1 fanusesierdnduladennagrsmsiluyiovmnzaniigadinuudasaniunsal nsTinsesinig

v a

Andulawuunanedateiduniasdoniivsz@nsnmdmsunsiuganimmniasaln 35015 MCDALaE FMADM 7

a

Wannulunuidetawnsatedindulaidennagnsnisiulivingauigadadiglviiulalailasaeiugiunis

Y

solulazUanndy fUseansnn wasiiaiols

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 33



, JTIEA

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

2. ¥uf MCDA uaz FMADM fagtinanldifuauadeil
2.1 nguf) MCDA (Multi-Criteria Decision Analysis) [5]
msiesgdnisdadulanuunanstiade (MCDA) i madmguiildlunsdadulafsadumaden
va1ene lngRiansanandadevarsusznis MCDA Suszlewidmivanunisaliliimadoniidaiauiian ua
Fududosinnsantladosneg wu dunu Ussansnm amnutasady anudadu e
MCDA Usgnaudiesn1seneg snnine uiay3sideruazdodaunnsiaiu 38015 MCDA Aifleld léun:
e 38715 AHP (Analytic Hierarchy Process): 35113 AHP wuslladenisdndulasenifuinusiden

o

WAZINAINUALEALY
e 15013 TOPSIS (Technique for Order Preference by Similarity to Ideal Solution): 35 n15
TOPSIS ﬁﬂmmizazmwmmmﬁaﬂLm'axwmLﬁaﬂmﬂﬁmqmmal,t,azqmt,ﬁiﬁqm
e 75n19 ELECTRE (Elimination and Choice Expressing REference): 33115 ELECTRE 1UTauLigy
wwﬁaﬂﬁas@'LLaxﬁmﬁaﬂmuﬁaﬂﬁmﬁaﬂdﬁ
2.2 nguf) FMADM (Fault Management and Diagnosis Method) [5]

35 FMADM 135015 MCDA fiwsiundulae Masoud Kalali [1] 351 lasun1seaniuuuiiedielunis

v
[

dadulaifeafunsinnisuazitadedounniedussuuiidudou wu Tassaisiugiumesaly
FMADM Usgnaushedunsundndelui:

1. fwundgm: seylymiidesmaudluuazvouinavesnsiiasish

2. spymaden: Amuagavesmadondiluldlddmiunsudlutiam

'
N o W

3. szuinainsdadula: ivuedadendAgysonse

o

maula wWu dunu Ysgdnsam anudaende
18
a. Uszifiumaden: Ussilunmadenudazniadensuinaeifiimue
5. Aneinadng: AnnpinanisUssduiiodonmadeniivanzauiign
2.3 Mavszandld MCDA uaz FMADM fusiuddenisitulanimmissalul [6,7]
y19ud MCDA uay FMADM anunsniinandszgnaldfiuamuddonsiiugantmmasalldssd
o Awuadym: f]zwﬂumﬁ%’aﬁ“ammﬁaﬂﬂaq‘wﬁ‘miﬁuﬁdamwmﬁﬂ"LWﬁmezauﬁq@ﬁm%“u
A0IUNITAIRN
o szymaden: madeniifululddmunisiiuganimmasalal 1iun nisteunen madsull
vionssonau
o syynasinmsdadula: inasinsdaduladmiumadennagnsnisitunanimmissolal WWud funu
asUasnde UseAnsaim anudidu wav
o Uszidumaden: mudenudazmadenayldfunisusedumuinueiidmun lneldvaia
MCDA 1 AHP, TOPSIS 38 ELECTRE

'
~

o Aanwinadns: namsussdiuazgniesgiitodennagrsmsiluaniwmesalafvmnzan
fandmiuaniunsaisingg

5 FMADM [8] aziiedesiuiymmsindulaiiuszneuseyadeyaiidnvazudeyafinguiaieuasdoya

ffusavinay Fadeyafinguinieaninsauansegluguuuuvasdm wy oo Yrunans 1nn WWusu vieanansa

wamdlsishesaauiied (Fuzzy numbers) Femildludsnis FMADM ignldfumnnlunumsinnisitisadesiuilym

MgsedlddeyansaesUsainnillunssuiunisdndula 35013 FMADM Usenaumeduneundndsiansldlugudn 1

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 34



, JTIEA

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

NUNIUITTUNTIU LLﬁSﬁNﬂTﬂﬂjéL%ﬂ’m']iyj TJU?’!E.I‘YYJJ@MUa RS NUNIUITTUNIIU

\ \

Fuuntadenisdndulasg o uay nsudasAragiudume
a¥lassasnisdndula VERLGIGED)

\ 4
= I3 1 U ‘0‘ o/
ﬂ?iLU%EJULWEJULUUQWWﬂ’m’WUﬂ

Y

WS4

seymfLaviied

AHP

AUEIAYHATERTIEIU
ANADAAGDS l

'

nssndulasuungulaeldis GMM

\ WWummzuuuesad /
| - J

Fnsuanlagldedanhminetnadie (Simple Additive Weight, SAW)

AswlasAd e

\ 4

swAAzL WYY (Fuzzy Composite Score)

v
o

Ul 1 JunauvesIs FMADM [8]

NNV wansesdusznaufidfayvesis FMADM &1 3 dxldun

1) 75 AHP ﬁ]xgﬂiﬁumiﬁﬁmmL‘ﬁamﬂ'wﬁmﬁﬂmmé’ﬁ@é’uﬁwé voswsazadunisinaulaluseiusi
fignvodlassaidfuturesmadndula uagds MM azanunsnsunisiadulavesfisrmgusiazeudums
Anaulanuungule

2) 38 Fuzzy scoring method azgniiandszgndlilunisudasanzuuniidudyadinguiaie (Fuzzy) 1
Budauiled 9nduazgnulasislufudrdaias (Crisp) fefurazuuuiinguindovosusazmadeniifionsan
melduazdatonisinduls asgnuvadiidudndauioe

3) 38 saw aggnlflunmsrusmemaguuasrtiminarmddyduinsvosusas ladouas Az iuud
Jusavvemmadennelaiedeiinnsanudragldmazuuusay (Global score) vesmadeniiu 4 AavuuLsy
wgnlflumsdndrdunnuddyesmadenileidenmadeniiiiian

AssuAInzuLLlagdd Simple Additive Weight (SAW) [8]

ndsnsunsruIunsUAsuteyaiiequiaielidusiavileduda doyaimunazeglusuvesiaaniin
ATinuaule %é’qmmfu%ﬁﬂmiﬂisqmﬂ%ﬁ% FMADM slumﬁmL%'ENETWﬁummﬁwﬂ?’zgﬁuawm.ﬁaﬂﬁu’wm uazHa
MR U1unans g9 2ldnnuf] Fuzzy Scoring Method

dmiunsruaunsves AHP Sudunislaniminanuddayretiadesie q fietes uay Fuzzy
Scoring Method #vndndiavuesriazuu i Ununans g¢ daunzuuusiiedaddiuaruddalunisdndon
madenfivnzautuasunzuuulagdd Simple Additive Weight (SAW) IneUsgendlivgud Utility Theory fae

aumiﬁ (1) way (2)

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 35



JTE~

Nsaswalulafuazimnssuinuih @7 1 atufl 2 unsien - fgueu 2567) Journal of Technology and Engineering Progress
— n
Cli = Xi=1W;Sy; (1)
n == .
= W=1LW; >0 %)
o cl; = Composite Index ¥8IMLEDN |
W, = A winAudAyvestdady |
S = AMNMTINTOIAIAZLULYDIMINLEDN | aRsauTade |
n = Tuautladennasan

3. ABnsadiung
wnmemsiuliuns msiiudeya uazauaNTRvesievgdmiumsiesizi FMADM Tumsindul
onukunsituraniwmssalslansny fuoenideunie
3.1 wwwnensadiunis
1. dasengudidomnn: ndufifemgiivseneudedidevgainuarnuaisaiunfiidsades
Amnssulassairnssalil dmnssunisthssinwmesaln Afvszaunisaliunsgesiizemisl
fondn 10 U $1uau 15 viu wihiwesnainssunsie MUUAYEULIAYEINITILATIEA SEYINASINS
Anaula wazUseidumaden
2. swswdeya: surmdeyaiiietestuanmmssaliaens fusenideanie wu doyaifeaiu
anmlassairmasala deyaifenfiuusziinmsdouuen feyafeiugtfmamsalu deyaifeaiu
Funumsingsinw deyaitungruneuazdetfuiiieades deyaifeafunansenudedswindon
18
3. ssymaden: szygavesmadentdululddmsunmsituanmmssalwaiens fusenideanie

I o £ =2 1 a 1 A &
madeniduldlaerasiuds msgeuuan n1swasulvil vsen1ssenau

A o o o

4. szyinadinsdndula: angnssunssdesimuanasinsindulandAgdmsunisidenuauns
furanimmesalyl nasiffnsueasiua funu anudaends Usslvsam arudidy e
5. Uszflumaden: madenudasmadenazldunisusadiumunaeifisiviun Tneldmeia FMADM
el FMADM Usenaudnedunousaseluil:
0 MUUAAINAIAYVDINY: AMZNTTUNITIZADININUAAINEIAYVOINUTINTARA UL LA
aztnauy lngldinata AHP
o Ussumadenaanas: idermngazussidumadenusazmadenauinasinisdndule

weazene Wweldimatla TOPSIS %15 ELECTRE

'
=~

0 Aenwiinadns: nansUsiduazgnieeitedenununisiiunaninmiesoluivmngan
fiam
6. LauaLLummumiﬁluvj: ﬂmxﬂiiumi%LauaLLusLLmumiﬁuvjamwmaiﬂWﬁmmzauﬁqma{{ﬁ%mi
3.2 maiudaya
%Jazga‘ﬁ'ﬁi’wLﬂuﬁ’m%’umﬁmmxﬁ FMADM @1315033UTINWIARIHAN 9| ail:
o whsnuiiisades whsnuiifsrdestunsuimsianimesallaess Susenidsanie Ao

nssaliwisdsemelng (sn.) uagwauizanavesnssall < @

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 36



, JTEA

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

o lBNASUALIIBNY: LonanTuarssuiAsesiuanmnssalanens Tusenideanile Wy
TBUNIATIRaeUAMAMNIsUsEaT dnindsedmauiasuavaray seaunsgouu
enugURvgesall 18

o Ty {dsmgananvansanniitisddes wu Imnssulasiairmnesala Janssuns
fhensgnslesves s, a15IRsUNFIVNeUed SN, UIERTIING fitlusvaunisallaidesndt 10 T

3.3 quantRvesfiTervny
i iiarlideRnifiudniunmsiinsgd FMADM msfinaautiddife fosfimauiuazdszaunisol
HBevgmsianudieruszaunsallumafiieates Wy dmnssulasadioniesaln dmnssunistigssnwima
salyl iasugmand daneden nuidelvsinsaninsiuganmmesal 2 33 18 msaSuanutuasoms

salyl (Strengthening track) uaz MsUFUUTvNasalH (Track Rehabilitation) uanafan3nafl 1

A15°9% 1 voulwailuvesnumanlunsiEsuauuAemssanuaznsUSuUsImesal

nstauAuiunsvesaly nsUTuUTmesalu
(Strengthening track) (Track Rehabilitation)

- wWasusamlddusewatndn 100 Jeusde - wWasusiamlddusiwna 100 Yeusdenan

7an - WasuUsswamlnduuszuanun 100 Yous
- WasuUssuaimilnduussuavunn 100 Veus - Wasumeuldid i dunueunsuninsaussiou
- Waswmueuldii i dunueureuninsauswiou e

e - dwenuuniulsevnsldnueuldfiaanunun 25
- duenununfiulsemaddnueuliiannuwun 25 %31,

. - WasuTagmeiuaseszay
- WasuTasynahuiaue sy - Ufudgetu subgrade

- YSudsuadiesguvesanani
- UuusesmillAsuay
- gnuAsESIANLTUASAY Y

- desavngemnantn

(Mnn: o550na NUSTLESY wasAE 2557)

4. Wan1SANYI
Wiguisuurunsiunan nnesalnaens fusenideanionnuanisdiny

M99 2 WisuiguunumMsiuranmmssalianeny ueenideanile

wneual WHY 1: lE3uARNEILAIYRINeTa LY w2 USuugemasalu
AU 100 #1uUM 150 duum
JLULIAT 19 29
Anulaensiy AZULUL 80 AZLLL 90
Usgdngnn AYUWUU 70 AYWUU 80
A AT 60 AZWUL 70

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 37



, JTIEA

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

NAIN 2 b 2: UTudsamnesalil Iasunsiuusiuasan LquﬁﬁﬂsLLuum’mﬂaamﬁaLLainxﬁw%quq
s 1 agslafiony unuiifitedeie funuuazsseznaigin

Wi 1 w@suanusiunsvesmesalil fdedde éfunuuazazaznmﬁﬁﬂﬂd’] RN A3 UEnUNNSalT
éfaqmiﬁuvjamwmwﬂwwwLﬁ'whuLLazﬁinwquﬁi’wﬁ’mmic?fmau%L?i'aﬂLLNumiﬁquamwmﬁiQIWaw

ngiueenideanile Juegiuladevatguszns wWu wwusvanu svezan mnudAyvenuUasndiy Ussavsnm

' v a

wazAudsgy guimsasiiansantademarinanunegsseunsuneuindula

1
Ay Ay a 4

uennileanuanIsAnwigsiavinanslunisg 2 Q'TLJ']“\]EJUEN'DLﬂi’]%ﬁﬂdaﬂi%%UW’NLﬂﬁ‘iﬂiﬁﬁ] deau Lag

duwndeuvasnunmsiuyanimmissalriusazuny ansiesgivalanansatieduimslunmsdaduladionuny

Mnzaunandmivaenz fusenideunile

[ o

ATeiaditedninuieusenis deyanldlun1siasiest FMADM 1nannuuaseingg uwageadaiulsl

4 =

gnieaiseldanysal uenanil fidervgilitedsiuetafinudeiuiiuandieiu Fenvdmanenansingzi

Y Y

1 I3 au &g = o Ao ¢ o v Y a v a = &
agslsiny udTeilidueIedliendusslovddmsuduimslunisdeduladenununisiuganimmasalnane
nziusaniduanie nan1sAnyITiaunazn1sIATIEINANTENUNLATYEAY §IAY LATAIINADN A1U150YIY

Fusmslunisiansantadesineg sgeseunsunsudndula

5. afusgnauazasy

iddeilysAnvifiedsuiiisuunumsituganmnasolvaions usenideaniessvinaunud 1 fe
urunsiuanwslnennasuATutunsmesesali (Strengthening track) wagiwufl 2 Ao ununsiunanm
n19baen1sUTuUganesabil (Track Rehabilitation) Tneldvaud FMADM (Fault Management and Diagnosis

Method) nan1sAnwInudn way 2: Usuusamesall lasuazuuusiugean uwnulidazuuunnulasndoway

' d

Usgdvzningendouau 1 egelsfini unuiiidedefe duyuuarszesliaNgandiuam 1 1@3ua1uluaweanig

v

sl feffe AunuuarsruzaIAINd wutngdmsuaniunisalideinsiunanimmniesalnegiasenom
wazilavuszaudiansdedulaifenurunisilunan nmesalnaiengfueenidesunie Jusyivladevaiy

U581 1 uUsEINa T8EeIa AnuddyvesnuUasniy UssAnsamn wazannudidu guimsaisiansan

o o o

Uadeivdnliviaunetgeseunsunsudndulanuifeiduidedndnuisdsenis deyanldlun1sinsiest FMADM s

v '
¢ N v

Numainge wazeradmnuligniewmseliauysel wenanil fldsrmgilidedniuetalinnufaiuiuangig

U

£
Y a

i Jeonvdmanenanisiinsigiegslstinny muddedidunsedienfivsslenidmsuiuimslunisdnduladen

wnun s uyan nnnssalnaeniueenideunie #an13ANYUTMIATUALNITIATIEINANTENUNILATEFAR

demn uazgdwnden aunsatieuimslunisiiansandadesneg sgseunsunasudindula

6. iRnssuUsENA

vevauRunsInliuisszmalng (svin) Alvanueyeszidoyaiiduusslovidmiunsdnuinay
vevauAuNsarsmaluladuariminssuinmii UTEP) Alilonalunisdnauenanuiiewwsunslunsas
weluladuagimnssuiiami UTEP) wazwiaduegrebsinazldfunisatuayuainnnyiuiiowsunsnanuly

Nsansilnel

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 38



JTE~

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

7. 1BNAN1984

[1] Liu, Y., & Wang, Y. (2020). A multi-objective optimization approach for railway track maintenance
planning considering reliability and economic performance. Transportation Research Part C:
Emerging Technologies, 112, 102717.

[2] Tiwari, A. K., Goel, S., & Kumar, R. (2022). Multi-criteria decision analysis for prioritization of railway
bridge maintenance under budget constraints. Journal of Rail Transport Planning and Management,
100618.

[3] Zang, W.-S., Wang, H., & Zhang, C. (2019). A multi-objective optimization approach for railway track
maintenance planning considering reliability, cost, and environmental impact. Journal of Advanced
Transportation Systems, 13(4), 1-12.

[4] Kumar, R., & Pandey, R. K. (2020). Multi-criteria decision analysis for prioritization of railway track
maintenance under budget constraints. Journal of Rail Transport Planning and Management, 87,
102323. [5] T.L. Saaty, International Journal of Services Sciences, 1, 83-98 (2008).

[5] Kalali, M. (2011). Solaris fault administration using fmadm command. The Pensieve - Masoud Kalali's
Blog. Retrieved from https://kalali.blog/posts/

[6] Saaty, T. L. (1986). The analytic hierarchy processes. McGraw-Hill.

[7] Hwang, S. V., & Yoon, K. (1981). Multiple-attribute decision making: Methods and applications.
Springer Science & Business Media.

[8] Klungboonkrong P. Development of A Decision Support Tool for The Multicriteria Environmental
Impact Evaluation of Urban Road Networks. [Ph.D. Dissertation]. Australia: School of Geoinformatics,

Planning and Building, University of South Australia; 1998.

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 2, 2024 (January - June) 39


https://kalali.blog/posts/

JTE~

Nyansnalulaguarimnssuinmt @9 1 aduil 2 unsiau - dguieu 2567) Journal of Technology and Engineering Progress

WUAININITUTUUTIUTEENTAINNTZUIUNTSHAALANDLE
nsalAnulsstumioela drunsuzl
Approach for Efficiency Improvement of the Brazier Manufacturing Process

A Case Study of the Brazier Factory Ban Dong Mafia

A5 Adung, neyaun auln uae Annen fduns
#NYVIIAMINTIUGAF NS MARYTIMNITUASRINARAYNSHER ANYINEIManSuaLImINTSUAEnS
UNTINYINUNEATANENT INUNVALRRUNTEAEIA Janinanauns
59 vig 1 iuallisnaIe 8naiiles Jwinanauas 47000
Wirekha Khamjan, Ganjana Auppid and Sakda Khamjan*
Industrial Engineering Major, Department of Mechanical and Manufacturing Engineering,

Faculty of Science and Engineering, Kasetsart University Chalermphrakiat Sakon Nakhon Province Campus
59 Moo.1, Chiangkrua Sub District, Muang, Sakon Nakhon, Thailand, 47000
*Corresponding author Email: sakda.kh@ku.th
(Received: June 1, 2024 / Revised: June 17, 2024 / Accepted: June 20, 2024)

UNAnEa
uneuldiausuLImIM sl ssrAvsamussnsruaunsnamineda nsddnulsaunidiung
uzlyl Tngthimadanisanaugeyuan (ECRS) ununiinszuaunssan (Process Chart) waznsuiullasuiaiesing
061937157 (SMED) 11Usudansviey sfunountsviinulunssuiumandatewinnisuiuusd 65 duneu
‘Vié’ammJ%’U'Uiﬁ%‘maﬁwmuﬁﬂﬁﬁ%&umaumsv‘fwmiuﬂizmumimﬁm 50 Fumeu anas 15 uneu lasaniian
nsEvIUMIHARnauNTUSUUslHaan 171 9alua 35 unit ndanmsusudgddine 122 dlus 28 wift awnsnan

LaInIsauanas e 49 7lus 6 Wi anvdu 28.63%

Ardnfsy: N13USUUTIUsEAVSAI ndnnsanaNglan nsusulasunsesdnsegnsminga

Abstract
This paper has presented an approach for efficiency improvement of the brazier manufacturing
process, a case study of the brazier factory Ban Dong Mafia by applying ECRS techniques, process chart, and
Single Minute Exchange of Die (SMED) to improve processes. There were 65 working steps in the production
process before the improvement. After the improvement, there were 50 working steps in the production
process, reducing 15 steps by reducing the production time before the improvement took 171 hours. 35
minutes after the improvement takes 122 hours 28 minutes, which can reduce the working time by 49 hours

6 minutes, representing 28.63%.

Keywords: Efficiency Improvement, ECRS, SMED
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Abstract

This experiment is an experiment to study and develop a lemongrass planter. The research team
therefore chose to use the design and development of the machine and compared it with the pre-
developed machine. To find the best factors and reduce production costs in growing lemongrass. The
factors used in the experiment consisted of 2 factors: 1) Average fuel consumption in the same running
distance 2) Efficiency in planting at the same distance but different running speeds was carried out by using
gears L2, L3 and L4, engine speed at 1,500, 2,000, 2,500 Revolutions per minute in a total of 27 experiments
where the distance of lemongrass plants was 120 centimetres. From all the experiments, it can be seen
that the experimental results of the three-point lemongrass planter were the highest efficiency is L2 2,000
Revolutions per minute at 98.72%. The production cost could be reduced after the development of the

original machine according to the objectives. using only lperson Planting time was 38 minutes/rai, fuel
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consumption was 2.34 liters/rai. A total of 27 tests were conducted, using the same distance of 16 meters,

using the speed of L2, which had a engine speed of 2,000 Revolutions per minute. 702 plants.

Keywords: Development three point attachment of lemongrass planter, Efficiency
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Abstract

The purpose of this research is to reduce the time for equipment disbursement, a case study of
BN Pro Engineering Limited Partnership. Theoretical root cause analysis 7 Wastes and Cause and Effect
Diagram. Apply ECRS principles to simplify the disbursement process for tools and equipment by tool
positioning equipment for easy finding and use the 5S principle to arrange the tools and equipment in the
Storage in an orderly manner. The results showed that the disbursement time can be reduced from the
previous average of 182.64 minutes. After improvement, the average time was 91.23 minutes, decreased

by 91.41 minutes, representing 50.05%.

Keywords: Storage, Tool Equipment, ECRS Theory, Reducing Process Time
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Abstract

This research aims to evaluate the critical Hardness at the HAZ in the repair welding of RO900A grade railway
steel by the finite element method (FEM). Works were divided into 3 parts; firstly, actual welding on a
railway steel by Flux Cored Arc Welding process (FCAW). Welding conditions were set up of a welding
current of 180 A, a voltage of 22-24 V, and a welding speed of 1.27 mm/sec. During welding, 3 points of
cooling temperature were measured. The relationship between temperature and time is obtained. Such

data were used to verify thermal distribution for FEM. Secondly, FEM was carried out in order to determine
the width of HAZ, as well as, cooling rate (AT8/5). Such the AT8/5 was employed to estimate critical Hardness

at the HAZ. As previous research experiment, mathematical model between hardness and AT8/5 was
established for this work. Finally, comparison of critical HAZ hardness between FEM and experiments was
performed. As the results, it revealed that the critical HAZ hardness of FEM model was 494.6-513.1 HV.
Meanwhile, the experiments provided 516.3-570.4 HV. The FEM simulation was relatively agreed with the
experiment. The maximum error value of prediction was approximately 60 HV. This FEM approach is able

to apply in properly welding procedure in order to avoid cold cracking in the future.

Keyword: Predict the critical hardness at HAZ, Cooling rate, Finite Element Simulation (FEM)
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