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ABSTRACT

Technology 4.0 in the industry focuses on effective energy saving. There is
an increase in the need for industrial worker training, especially in compressed air
systems, air kept under more significant pressure than atmospheric pressure. It is an
important medium for the transfer of energy in industrial processes. However, the
new technology of energy management systems to enhance performance has yet
to be widespread. Owing to the learning material for training is expensive. we
proposed a training model consisting of a compressed air systems training kit based
on the Artificial Intelligence of Things (AloT), and the energy-saving In addition, we
use an outcome-based approach to drive training activities. The results show that
the training model can simulate the process of energy management systems of
compressed air systems and show it on the dashboard. It can be implemented in

employee or engineer practical training in the future.
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(Rotary Compressor) AusgfivruiauazUssnnuainisidnu
2.1.1.2 52UuiveInNIA (Air Receiver)

2 v oAy Y Aa o s =% o ) [ =
L‘U‘UOQ‘V{LGULﬂU@']ﬂqﬂﬂuﬂﬁqﬂﬂugﬂﬂqﬂﬂauLWiﬁL"?J'E]i %quﬁuqﬂﬂqia\?@qﬂqﬂl?L‘W@i‘ﬂll

N1531901NFBEN9ADL DAL AYNLLIBLASDIINTABINNT
2.1.1.3 @anse9 (Filters)

Jugunsalitldlunmsnsesdu U wazdsanysnans o fenavuilaulueinia Fso19

daransenusiaUsydnsnmnisvinnuveuaIesinstaraunsal
2.1.1.4 wasewimuy (Aftercooler)

I
Y]

Jugunsalilddmsuinliennianigndnvsiiaamagias Aslwaiewinauduasyie
angaumgivatInAlimngauneundngludissuuvisuazinIadile

2.1.1.5 $RAIUANAUAY (Pressure Regulator)

Jugunsalildlunismivauuazsnwauduveseinialussuulieyluseaui

WLNEANFIMSUNT MUl uLAaLLAT P9I 91I50LAT899NS
2.1.1.6 vioe1nA (Air Piping)

< | Al I Aa (Y] 1w [ Ay
L‘UUﬂ’ﬁ'J'NigU‘UVl@miﬂUﬂ’]iaﬂ@’]ﬂ’]ﬁVIﬂJﬂ'ﬂﬂJﬂu%ﬂﬂf\ﬂﬂLLViaQE]@IE]']ﬂ']ﬁVLiJ'EN"\]@I“V]G]ENﬂqi

9

1¥91u WnednisnavisludnuaeNmunzauis linisaneeiniaduldagreiiuszansnn



gt
.

L
A

A9 2-1 N1331ARITEULLaRINTAlUlsIURRamMNTTY
2.1.2 MaNNSINUYBITTUUALDA

szuvandnaglindnnmsdaemeliiianudugsduananinunivesusseinia s
oA udugeiiansailuldemilunszuaumseing 4 wu mstuedewaiesing n1s
MANAYDIA N1TUTTINUME MTONITYINIUYBITEUUAIUANA1Y 9 Melulsesnugnamnssy
ndnnsviauresszuuemasaiitunauiiieadestunisge n1sdh maifiv manses uay
nsangenaidaudugdluSgaldnu msvhauiivssansamuaziinisiigednunssuy
fdazaelinisldernasaduundmdsnuifuszansamuazusendalunsduiad ou
in3esdnsing 9 Tulsssugnaivnssy lnefindnmsiniuvesszuueinasaUszneusie

Jupaunan ¢ laun
2.1.2.1 m3gaenA (Intake)

lnefineuinsaises (Compressor) Fuluguniaindnvesszuuagyiminfigaeiniaain

U5581M1ANgUBNUNELATEY tage1nImazHIufINTBUNYdndanyUIneg o Aeunauidng

Y

ASLUIUNTTON

2.1.2.2 n159aIN1A (Compression)

v
(% =<

a1mangnaiiuazgneniidanuduadunelureumsawes lngnsanusuns

Y

v '
= =

vas0 N A lluanavese1naludniuauaui g fen1seneinialienavilaansds

Tuog MUUTLNNVBIRBUNTALRITLTNU WU ABNNTALLRTENgU (Piston Compressor) 113
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nuwmdowasesseudgngulnenisiaisuvesgnguazivonialuiosguaniinuiuas
diuneunsalasany (Screw Compressor) ldn1suyuvesangietueiniauazyilviia

AR
2.1.2.3 msvihanudu (Cooling)

VRIINDINIAGNEAIUTAUAUGIUAD DINAMAIUUILTRUNNTFUTDIINNEIUT

L

a

a o 3 ] ~N A o i A o g w
LAMNYINNITBDA ﬂ@llLWiaL"ﬁai‘UqﬂiuzﬂguLﬂi@ﬂwqﬂjqﬂlﬂu (Aftercooler) LW@VIWIV@@Q@U‘VU\N

Y

o

Ya0INAToeNINABILNIAasIieglusEAuNmINgan neunavdsialuditunaudinly
2.1.2.4 msifiuenia (Storage)

A [ o @ v 3 [ =3 N 2 = o
’e)’]ﬂ"l?’ﬁ/]N']‘Hﬂ’]ﬁ@ﬂLLaS‘Vl']ﬂ’J"IlILEJULLﬁ'JQSQﬂLﬂUI’ﬂu f9LNUBINA (Air Receiver) @991

Yy a a A [y | (v a 1 XY v &
‘WLJ’WILﬂU@WﬂWﬁWNﬂ?WN@UQQLL@%?ﬂEJiﬂ‘lf}']ﬂ'J']@JLﬁﬂEJTUENﬂ?iﬁ]’]‘&la’]ﬂqﬁi‘wﬂ‘UiﬁUU lagdanu

tagviszuuanunsnangeinialiegesotilesuiilugaainounsasasneninaums ol

YaugNinsigaineluusunuuIn
2.1.2.5 msnsaawazurumenie (Filtration and Treatment)

omafigniiuliludsasfesiunisnsesiovdndu 1 uardsanusnilenavuilous
Tuorne fnseuazgunanithdasng q sgtielinisdionmeiaveauazlifdadevuluds
szuuld Feeniafiazerndianudidguinlussuuiidesnisanuwiudmislidosnisnas
Juiou

2.1.2.6 M33198177¢ (Distribution)

deemeagniiuliluduiuuaziiunisnseuds e1nAazgnaIiIuiaeInie (Air
Piping) lUgganidasnisldau wu nsesdanlduseiuainianiainiosinsdg 4 lneluy

N3¥UIUNTHILANTAAAT FaAIuANAIURY (Pressure Regulator) WiaSnwseRUAILIUN

wngandmiuusaraunsaivzanisldau
2.1.2.7 mMskiaueInasn (Usage)

ludumneugavng nandiauiugrzgnidaulunszsuiunisdig 9 wu nstuiniou

d' - ~ s v o | & d' o & o
Lﬂi@\TllQIWUNQﬂﬂimWIﬂLLﬁ\TWUQqﬂWﬂ WU UTEaal B99LAT999A UBNAINU N1SNIAIU
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avenlaunisidauiiailiayianviedueananiaseddng nsaruauszuulaenslousany

anAlunismiuauawsedugesluszuusnlula
2.1.3 YefveansiszuuaniesnlulssugnaIunssy

nsldszuvenmadalulsanuanamnssuivednaleusens FaviliseuueIniagn
naredumadeniifevlunaty 9 nsyurunsuaauarnisafdununiglulssnu aelulife

YoRNEAEUBINITIETEUURINIASA LalA
2.1.3.1 anugavgulunisidau (Flexibility)

U = =l 1 o d‘ 1 Y} d‘
seuvenasadaudavgugdlunisiiluldlunuivainuate wu n1sduiniou
A3 99 BKaZIAT BITNT N19Y1IAIINALIN NITUIIUVBITTUUAIUAY Y3 ol nTenivly
NTEUIUNINAARNSY InASaauITalrulaiuIostionaIntateUsziavlunansdnune

289115911971 Ieglidduda i nanasnuiLanm1eiuLIn
2.1.3.2 N15AIVANLAENNTINENENIUNAIN (Stable Power Supply)

Y ] A a o o s « o Y oA
sEUUINIFERAINIaTIsR NATNANuduatlugnUnsaivsansednslded1emeaiies
a 1 a o Y = ! Y Sl o
waza Helvinszuiunisudavihauliegrauiuiasiiveavein lnsanzlunsainiinisly

IULATBIINT VI OLAT DI UANUAINS DU
2.1.3.3 anuazenkazlasnny (Clean and Safe)

SEUUDINADAYIELANIT I NAIINUFL DI WAL UABANYAIINT G AFINIIUUTELAN

=

au Ly i vselwemas seuveinmadatisanaudssInnsiatnlvdvsegUsimeain

v ) Aa = aay Y] v aa a i
ﬂ']iisﬁﬁ']uwaﬂ\'i']ucl/]:ﬂﬂ']qllLaU\i IUﬂﬁmmﬁ@Qﬂ']iﬂqiisﬁﬂ']UI‘uaﬂqWLL'JWaEJlW]lIﬂ’J’]lILﬂﬂﬂ@@ﬂ"l 9

sedansanT1sAnlil LU BREIMINITULALVS0RREIINTTUDIMS
2.1.3.4 Usg@nsnnnsIwaau (Energy Efficiency)

JEUUINASATlATUNITRRNKUULAz U TS NWeE 19 agIsann sEadena iy

nsruIuNsWan tngldaoumsaweiniiuseAnSanuaziinuauaud uilkilug uananni

N5l UUaINABAANNNTIAANITIEUNGINUINUEIEBY 9 ND1998TAUNUEINT

2.1.3.5 M3U1583nw1en (Low Maintenance)
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JEUURINATASNAzliANnUMIUkaza1saldulagIuu n1sUngeshwssuy
21NAdA kT UTaULNINTN B UAULASEITNINIINSIIUININWAGIDU WU UL asStHHN1Se

a1

iseeINsNItnTuvSowemEs FadaslinsungeinwegiweailosasiAldinegs

2.1.3.6 MsluARUIABYloLazATRIINTlava1eUTEIAN (Powering Multiple Tools

and Machines) SEUUBINIADAANINISO LT ULARDULAS DL afiva1nvae e Wiy WrSaalianly

v '
= v IS

LSIPUDINIA LU USEWARN LATBITR KiS0LAT9IAR DNYINS9aNNNSABNADAUTZUULATDIINT

v A 1 o A9V o = )
ngansmsmuauwiugwitelindnulugliuunasenuarUasnsiy
2.1.3.7 anpududeulunszuiuntswds (Simplification of Processes)

A5LES2UUBINIAD AAINITAVIOANAINUT UL DUVBINTLUIUNITHAS LAUNIS b WA
nasuRerlunITTuedaunateIAs 0 nskaziAsaaile vinluwlisndusasddunasndaau

VAEUTEN N1V ABINTNMIAUANTNIT U A s NUAN LTI
2.1.3.8 MIAIUANLIIIULLILEN (Precise Pressure Control)

JEUUDINASATIAIAIUANANANN AN SaUS ULaEShwseauauaulvangauiu
nsldnulussiaznszuunisle vinlianunsoniugun1sinnuveaIasdnsuasaunsaising 9

Ihegnauwiug Fadudsddglunssuiunsudnifesnisanuuiugngs
2.1.3.9 fwinauvasniylunisvineu (Safety Improvement)

A5 81N1AD A UL SIIUTIAAANULFEIINAT FLAT BN IS oL oL NEY F98719
| v a wa < a a P Ao = a
neliAngURmsInnstenliivsensseidaluanimwindeuniansseveviseansiad N3

TdszuvanadnaIuIsanmNULdeIRInaIla

2.1.3.10 miaﬁfumuﬂﬁzmumsmﬁmﬁ‘vimm/iaw (Supports Diverse Manufacturing

Processes)

sruvaIMAdaiiauaunsalun1ssessunmsidnulunateUssinnuesgnavnssy
QAANMNTTULIUIUA RAMNTINDINNT QRAUNTIUAL YAAMNTTUNITUNNE Uazdu 9 &9
J = o o o d' o Y = a a
wiazgeamnIsuazinisldssuuoniagalunistuinfeuinIosdnimienseuiunsuani

LANANIAU



13

2.2 MIvsmsIansnasnululsanuanannssy

msuImsdansndsnululssnuesamnssulunssuiunisiiddglunisanduyunis

=

WA waiiuUszansamnislandsnulimunganuas Auaunfign Welnlssuaiuns

Andunsuanlaegeliuse@niam wazdadu uenanUdigannansenudodwInaeu N
Y A 1o & ! a wva A a £ [ o [

nsldndenunlidnlusasisujinungrunenineitesiunsussndandsnuiasnisan

n1sUapeNeLsaUNsEaN

NaNN15UINITTANIINasululssugnavnssuy wiun1 I naeueg el
UsgdnSamuazaanisaairdendenulunssuiunmsudnd1un1simseieaznsusuls
a 1 £ aa o LY =< £ o (%
nszuuMINanaeg Inensldmalulagniuade nslneusundnau nsvigesshwssuy
9871980 NAND |AZNITITNSINUNAUNY T MUATAzTILARAUNUNITHER WNUTEENTA N
nslindanu uavdlglsanugeamnssuussaidmunglunsiauiegededu Ineniluuds

#ANN15UMIIANITNAINUIULTUERE NI SUTNAIETUADULALNTZUIUNTNAATY Tk
2.2.1 MmATeinslgngny

n13n39deunstdndtnululssugaaInnssunsofi3unin "Energy Audit' 1u

o '
v a o w

TunauLsNAFAYIUNITUTINTIANITNGNIU 1aan1591 Energy Audit 9438 58Uwna Ny
o P a ¢ B = = )

nasunniganiglulsnuuazinsesUkuunIsidny eniyafiaunsausulss

UsgANSN1nn1sena19ula fog1atu N153A1EINT AN LLATBI9NT SEUUNINNADA

v ¥ = < < 2/
NSNS OUNTDAULTY L UUAY
2.2.2 A5 vngnISe a9

N15AMUALUIRNIENTS T WA 19 UL 8 TR LSIUE IR TR LUINIS UANTanNT b
wdruldeg e Tnardmuiseraiieadesiunisannisldndsesus onuan1SuEn
(Energy Consumption per Unit of Production) #isn1sannisuasefingnisusulasenles
(CO2 Emission) 1 wmunewanfiazdesinlduazinaridaauiieliaiuisafnmunanas

Usuugslasioiios
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2.2.3. m3ldwealulaguazgunsalusendandany

madenltinaluladuazgunsaififiussaninngdunslindanu wu rosiwsawesi
fUszdnsnn wewesusendandasull LED ssuumuaudnlugd® (Automation Systems)
Faazdaannsgadendsaulunszuiunsudn Meegradu mslddiauaunisielin
(Variable Frequency Drives) iiteususaunomeslimnzauiunisldiuass wionishnds
iesesvhanuduilindanutios

[

2.2.4 MIRTIEOUKATUITITNHITLUUNAINY

nsnTadeunslindsnuegsieieaznaiigesnussuundsududsddnlu

nsudmsdanandsnuielisrurhanlfeswiuseaniam msfndssruunsndeunis

T9nas9u (Energy Management System) agglilssnuanunsansivdaunstinasanuls

wuuiSealnyl waviideyaiiausalilunisdnaulalunsusuusens eldsuuvaimsly

Wi nsthgsdnwies esdnsuaggunsalilindsnuiiiudnvistladudify wu msvh
e

ANATIALaYIde A UNBLN DS INHUTEANEA NG AN MaNBENITINNUNgFe NS uSe

= ¢
ﬂqiLaauﬁﬂq‘WGﬂ@QQUﬂﬁm

2.2.5 MsANUTHLALATIIAUATENTING

= a

ANSHNBUSUNUNINUALINUNNT AU ETUTEANT A NBALAITAS19ANUATLNALIN
% d' [y v (v a [~3 Q' Q{' o v (v v
gmmmJmiﬂiwsmwawuiumzmumimam Wudswdaglunisasisinusssunsusenda
na1uluesng Mmagraau nisannisitluilugsnlisndu nsUsesesdnsiluldau

wazmsUTugumgillvivangay

2.2.6 NMSUTUUTINTTUIUNTHER

a Aa =

n13UsuUgInIEUIUNSNan bl UszdnSanasgauazannisgadendsanudud
d1dgy vilinsusuusslutunsunsndsaunsorisannisidndsnulunseuiunisndala
WU NISLETEUUNITIANITAIINS DUIUATEUIUNISNLNITITAINNSDUNIN UI8N1TDBNLUU

a al' 1 ) I~3 o [ 5 d‘ 1o [~
nszuIunsuanntieanauIndulunistandsnuludunaunludndu
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2.2.7 MSMNAIUNALNY

AT IINSIUNABNY LU NAIULAIDITNE NAIIIUAY HIBNAIUINNTINIE 98378
AANITINININAINUINEAAINDATALAZ VIV AANANTENUADAILINA DY PUNAELTINUNTNUN

v
v

\eanevsedAununsiacaiAual nduvawnueadududeniidlunisiasuasnny

9

Faguluiun1sInN1INasII
2.2.8 Msaiennuuileiugiiauladiudy

NSUTMIIANINSINUN AU UAAMNTIUABINTANTINTRINUAE Y LY

N9 AUMIIBNUNIATT HTAMING1U UF0ELT 8 IYAUNG U i eliLAANTS

WeuN9819998 UL UAUN T NI ULAZ AT NHAILINA DY

2.3 wialuladlUyausehvglun1sdnnisnaanuy

a s

nsldmelulagUgygyruseivg (Artificial Intelligence: Al) Tun1sdaniswasausiunum

A

ddglunmsiiuvszaniamnslindsnu andlddne uagaduayunslindanuidedu
Fatfu msthaluladdgaussivsinldlunsanismdsnuannsadislinisudawaznis
Tindsuivseansamanndy annsgadondany wazatuayunsldndsnunaunud
fafu ﬂ’]iIJiSQﬂGﬂ,Ggﬂmmﬂﬂi%ﬁvﬁiUiZUuwﬁw’mﬁﬂL‘ﬂu?ﬂﬁﬂﬁ@IUﬂﬂiLaUﬁﬁﬂdiaﬂ‘ﬁli‘flj

NI URE1aUsEANS Az dulinsAuAIwInA Y
2.3.1 UsglevdvaamsussgnaldmalulagUyausshivg
2.3.1.1 ASUNELAEIATIEIANUADINITNAIY

Jaavssivgaunsaldlumsviuneanudeinisndnuluewan laglddeyasin
UseTansldnasanuluedn saufsladuneuen wu anmeinia Lanluiunengnia deyie

Tszuvanunsamuiunsiangeulseganiudwasiussansaw
2.3.1.2 M3USUANARYRINITINUNAINU

Jausehvgllunisdnnisszuun3aluia (Power Grid) tivaliaiuisanszaney

Naauleg19UsEANS AW TagaIunTaI@IIEinIsnasulukfaziuNwazUsun15ane
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PAIUTAMUNZEN LYY NITNTZAENAIINUIINBABINAINUNALNY LU NAITUBEIDINNE

visenaInuay lagdnlulii mumufieinisver ity
2.3.1.3 nmsdanisnaenuludiuiazenans

Jyayruseawganunsaldlunisaivaunazusunistindsanuludiuniseiaising
Snludl 1y N1IAIVANLEANATNN STUUYIANSauRsonIsYAUEY Walulinisldndsa

Tusgauvunzan Favdigusendaelddnguavannsagdendany
2.3.1.4 MSWRLATEUIENTHARNS N TUNEIEY

Ty seAvganunatnuntielunisosniuusas NawIAIaY e naUNiivssdnsnn
49 1ngau30AIUINNSINGIUAINEAINERIUNALTUAIL 9 18U N1TTIUNERIUIN
LENDI7RNS WAIUAN LAaZWANIUINUNEIDU 9 LieliAnANatosTunIsNEana19ULIN
Ay

2.3.1.5 MINTIVFRULALYTOUUITITEUUNG 1Y

Jayyusehvglolunisnsiaaevaniusvenisslionazaunsallunisndnuazaie
WA LU N1TATIEOUNITVINNUVD LA IgasLad wsensiuay iensranutynineud
LANANEEENITBNINYAYINNU Fegaelinisgeutliusednsannazanseesiiand

seuulallavinnu
2.3.1.6 mMsianswasnulugnannssy

dmsulunimeamnssuudranunsnih Uy usedvirslunsinudssansainnsld
wasaulunszuaunwdnse o lnenisissinsldndsnulunsazdunsulazbugidinig

JFulsaiioannsgeyidenaasnuy
2.3.1.7 MSEsuadessuunduIusInsyy

JyruseavgarunsadigluniswauinazUsuuseaseuy aunsnniy 89a1usn
AsIRdRULArAIUANNITIENEsulaLuuE Ealn Inemslddeyanniduwesuazaunsal
i A ) 1 v o % v = ' = a a
19 9 luasetnglilin Feavgrglinisdanisndenulviianuganguuaziiussaniamuin

1%

93U
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2.3.2 syuuayuuiilsiled (Neuro Fuzzy)

sruvauauililsiled (Neuro Fuzzy) A® MSHANNAILITENINLATOUEUTEA MY
(Neural Networks) waz #55n2ARuLAAD (Fuzzy Logic) Fadumalladfivhuldlunane o
F1u U8 UImsdanisndanu WefinuszansamlunsTdndsanulussuudng o Tne
nsliusslevianauannsavesisasanaluladlunsdnnistoyafifinuliuiueuuas

o

Ugou

2.3.2.1 assngAquLAde (Fuzzy Logic)

=

assneAauAdenseiltdasin Wuwwnmslunsdansivdeyailidaau vsedmiul
wiusu laglddainisnisdadulaiidulununssnsiBandyduuunaiu (Yes/No #3e
True/False) wiltuuifnvesruduldlaninnunquiese wu "Sou' "18u" "9u" Feo1afien

PE5¥1IN9 0 Uag 1

lun1suimsinnisndsnuidalsileadazgnldlunisindulaluaniunisalndaiull

LB LU MImuANgamilussuuysuenie msdnassnislandsnulussuulni
2.3.2.2 \asedeuszanniiey (Neural Networks)

Julumandinenanifdnasinisinuresausmyvdiiioninisiseuinnteyauas

¢ - | =~ ) a P AV Yo =~ P
ANRNITUNA BUIAR IG]EJLﬂi@%?ﬂﬂi%ﬁ?%fwuﬂﬁﬂiuL‘UaEJ‘IJG]"I%J‘UEJ%@‘VII@iU LNDESI9NNS
fnaulannuug Tun15USINITIANITNANNIUY I8 UsEEMTsUAINNS LY I UN1SAINNIT
ANuRaInInasnuluawian Jiasrgvinslindinuainteyantasu wasusuununisly

wasulitUsEansam
2.3.2.3 M3vuiuvesssuveyuuiialsiled (Neuro Fuzzy Systems)

Wunisldanuaiuisavesisasunaluladlussuuinen laan1sladasdaninlunis
andulaluaninuindenitliwiueu wieluaniunsalfinesnisnisaiuauidangu uagly
A ~ = P v A v oA v o a ~ ) 1
wsetngUszaniienlunisSeuinndeyailasuiielinisdeduladaiuuduguinduy nns
s 9 lun15UINISIANISNAIUALS BB ALUSEANS A sawa s ulunane
vV 1 £%4 [ Ya = a
9 Ay MsmvaNnsiindsnulueans ssuvanansaldialsiladlunsauaugumgiily

91,15 lnefinnsanndeyailaainidugeseng 9 wu gaugiintewen d1urudauluies
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1% I3 =l ¥ 1% = a dl v as v Ql'
LazANARINIIANLLEuYSoRNTeu IngliledaedniieuSugaumgiilvunsay Tuvaei
wn3evngUTEaiisnazlglun1siseuingAnssunisidnasanuiazysunagnsniuaiy
A9N15 TUNTHAAFUAILAENTEUIUNTENAIMNTTUA LINEIuaE191n Seuuiialsiled
A130150 18 L UNITAIANITA AIUABINISNAIINULAZUSUSEUUNITHA A LA LML ZAUANY

e‘d‘ a 42” £ [ I QA' 1o I~ a a %
anunsainiadu lnsannsidndsnulugisaludndu seuveyunuialsiledaiuisald
TunN599NIIAISTENAINUNABNY LU WAIULEIDITINY UNIBNAIIUAN LAgN1TUTLUIANE
TyaMNUUAINEINUUMAEkaryINsUSUMsITndsuimunsauiuauaunsatunig
NAANS U UL ALY I8 N15AIANISAINTTh WALl UaUIAR WASaYeUsEaI T By

| ¢ Y 9 a1 P P v
annsatislunisaamsalinslindsnulueuanaindeyaiiley lnen1sseuizuiuunisly
W1UIINeAN Vel Hedasinaziglinisdndulatulinubanguwazusudalan by

n‘d'd 1 1 £ a e a £y £y 1 QI
anunsaindadulduuueu nsldsyuveaymnuialsfiedlunsusmsInnmsnasanug ey
UszanSnnlunislenasulnensHaNa1uYafAvesHedandn kaziAsaneUssa gl T
Prgliaunsadadulalaluaaiunisaindanyliwiueu wazusulganseuiunisnisld
NAIUIANUIZAUNINANINLINA DU LAEANABINSTIUAsULUAY U vinlsrnsTandaaudl

UsgAvBnngeaanazaunsausmsdnnisnaanuliegeggu
2.4 gunsalldlunsiauyeiineusy

2.4.1 TUsunsudaneinaealnsaiaes (Programmable Logic Controller :PLC) #30

a ¢ {

firueadidugunsaididnnseindfigneenuuunnileldlunisaiugunszuiunism
ganvnssuvsonsvihauveaaieadnslulssau Tnedinuanunsalumsemdynnain
wuwesusonUnsluNRa 9 wagynnsuszmanamulUsunsuildRaaly aindfuayds
dyaeeniudgunsaiiondng Wy weimed du wieszuuliih iemuaunisvheuves
sTULsng 9 wdnmsvhaiuesiineadassusuanmssudeyangunsaldunm 1y 1uwes

NNTATUMUNUS ANUAU V380Nl Toyawalazgnasludmitgusetanandn

(Central Processing Unit: CPU) fiagvinnisusednananiulusunsunlasernliluniigainudn

a a s o o ao o o o v Aw | A o
vosiikead Tusunsudasdignmdsimuualissuurinauninainuifens wu Wedeygyiu

9

BUNALNIINFUYBSANUAUNATIINUNITNTUVDIAUAY T2UUDIRZREUTAS0TAIEN
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33.2.1 Wiueadunsguleddsesiuleledisu (Omron NX1P2 V1.50) wieulugausesiu

ﬂ’]‘v\lﬁl 3-10 Omron NX1P2 V1.50 , NX1IW-MAB221

3.3.2.2 Wanwaalyuaiiy (Mavin NA6 1KG)

mw*ﬁ 3-11 Load Cell Sensor Mavin NA6 1KG

3.3.2.3 fuessyaznie (Distance Sensor US-016 )

AT 3-12 eSS aEyng US-016

(%
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334 YAARUMITUANYULLDTURIYRRNDUTH
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vasgUnInlvedeyy s (WEIGHT TRANSMITTER) Jusnanslunisimiindivensdeyaio
el Iy 0-10 Taadf w3 4-20 faduend luidhilueadlnsunasinglniinssuansados

WS9AUBEN 15-30 Laad AININ9 3-22 uazn1nil 3-23

ANSAUIUMANNUTNYNANAd PaaUnNIsST (3-11)

Weight (Kg)
Max Load Cell(Kg)

X Voltage = Output Voltage (3-11)
Tnef

Weight e thmindigesnisnadeu @lansa)

Max Load Cell o Auiwiingsgavedinanisad (Alan3u)

Voltage Ao ussduiiluld (1aas)

|:] ERR

n
vz
nz

3

[¥]

WEIGHT TRANSMITTER l |
LOAD CELL ” o

E+ Cell

2
SENSOR ]
A=

Wil

|

r

15-30

7

VoC

AN 3-14  WHUNINNNSAD AN AR WD S UL aR

a & a a ° A o o .
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feo Foduaa
Vi1 WSIRULYRs 1
i NITUALTNYDY 1
ung VI2 WSULNYRe 2
12 NITUALUNYDY 2
COM 0 laas
VO1 u3eRUPDNYeY 1
1199 VO2 WSIAUBDNYDY 2
COM 0 lhas

M1399 3-2 deydnualvesgunsaiveudayaia

e Yool
S- Aryeadau
VYUUTINUDUNA S+ Ay ey1aduIN
E+ WIIAULLIYRY 1
E- WSIAULTIYDY 2
4-20 faduoud
P 0 Thas
YL ITIAULDIANS Vv 0-10 13ad
P- 0 lhad
P+ 15-30 1a6
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M50 3-3 dyanualvesgunsallvaniad (Sensor Load Cell)

P- 0 Thas

Vv 0-5 Tas
WA 8 AL FEY eI AN P- 15-30 Thas

P+ 0 1ad
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Jududediyn ToyalidmsunisiteuiuseniseusuiiiolvlunaUssuianaleninneanuidl
ANURaNa1n deeiign Fiaviltassuldaindeyatuuiuusesndy dunn 3 dunn laun

& s o o = I3 & 1Y) o PN
AIIULTY UINUN LATISYSVBIINI) IG]EJNLE]’WW\!WQ'P] bIIAUAU ANNINN 3-27

TUADUNITMUUATIIVIANTATIATU (Membership Function) ¥1A1sAInung199

aunTnilsiduusiasdunn lnedunmvesnuiall 3 ¥ lneasounqulumuiieg 0-3.20

q q

a ! a v a a - CY 1 [ 1 5 Y 1Al
LUALUATHDUIN AIRNTINN 3-13 QUWWUWMUﬂLLUQE}@ﬂLUu 3 Y9 I@Sﬂi@‘Uﬂ@MiUUTﬁUﬂ@%W

0-600.00 NFU F3IAN5199 3-14 szEzvineinguussenidu 3 129 lnepseumaulussaziiseg

[% (%
v v 1

0-30.00 FadunT AI3N 3-15 wazto1dneiitvingaws 1.50-5.00 U135 AIM1519% 3-16

a | a =
H15199 3-9 GIJ’JQGZJENEJUV\!GWYJ’]ZJSQ

A duann®n YI9YDIBUNG
MF1 [0.00, 0.00, 1.60]
MF2 [0.00, 1.60, 3.20]

MF3 [1.60, 3.20, 4.80]




M13199 3-10 Yrwesdunmmiin

e duaun®n 1I9UDIBUNA

MF1 [-300.00, 0.00, 300.00]
MF2 [0.00, 300.00, 600.00]
MF3 [300.00, 600.00, 900.00]

M131991 3-11 F19VRIBUNRTTEEVNNRINTRY

Armuduanndn YIUDIBUNG

MF1 [-15.00, 0.00, 15.00]
MF2 [0.00, 15.00, 30.00]

MF3 [15.00, 30.00, 45.00]
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AT 3-12 YHVBABIFNAVDITIAUAL

wUasilaiduaundn
10U | leewe | @y | due | d1U | Lendne
1 1.50 10 2.10 19 2.63
2 2.45 gl 3.98 20 5.53
3 0.00 12 0.00 21 0.00
4 2.45 13 3.98 22 5.55
s -0.16 14 74! 23 4.81
6 0.00 15 -14.14 24 5.14
7 0.00 16 0.00 25 0.00
8 0.00 17 -14.14 26 514
J 0.00 18 -0.49 27 4.96

ar

TupausslUAon sauNSEURSIIMIAUILLasINaSwEN1sIavi U Tunauves

| v ) o 7Ry a = a <
n1sudasd1nmsedeyadmsulidanesiuuszuianalussuuiieddetlulanvesainniy

339 (Defuzzification) IagnduveIduNmNg 3 ¥3920n 9 lnemsivuasiwlsly aunis
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AT 3-13 MAUMSIHUATIVOBUNA 1 VA 3 Y9 4 L

i X1 Y1 X2 X2 X2 X2
1| 160 | 000 | 000 | 000 | 000 | 0.00
2| 000 | 000 | 160 | 160 | 160 | 160
3 320 | 000 | 160 | 1.60 | 1.60 | 1.60
4| 160 | 000 | 320 | 320 | 320 | 3.20
1997 3-14 MANnISEuRTITeBUNR 2 Tovun 3 99 4
dud | xe Y1 X2 Y2 Y C
1| 30000 | 000 | 000 | 1200 | -004 | 1.00
2| 000 | 000 | 30000 | 100 | 004 | 000
3| 600.00 | 000 | 30000 | 1.00 | -004 | 200
4| 30000 | 000 | 60000 | 1.00 | 004 | -1.00
miwﬁ 3-15 mammﬁumwaa%uwm &) ﬁmm 3 9499 4 LU
dudl | xt Y1 X2 Y2 Y C
1] 4881 | 000 | 000 | 100 | -002 | 1.00
2| o 000 | 417 | 100 | 002 | 000
3| 7643 | 000 | 417 | 100 | -002 | 220
a| 3871 | 000 | 8144 | 1.00 | 002 | -0.97
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Walpaudnaunisidunsisartnludsuteulvlufiveadsausou tneleunudunay

1Y

Aall MALNTLEUATIVD AR BUNAYIAVA

Thorm = Input 1 x Input 2 x Input 3 x Input 4 ** auuaunglulUsknsuLLALEY

Tnorm o o
Normalize = ——— 1@ Normalize AINITUIUNG)
Sum Tnorm
W (Normalizel x Outputl) (Normalize2 x Output?2 )
= + +
Sum Normalize Sum Normalize

(Normalize3 x Output3)

Sum Normalize

“¥16 Nomali anaanuaung**

nsideulailaannguesteyalulusunsusunuaviinlsuaddugunsaliiuead

Vi 3 une lown Aanans dmdnuezszeziiwesing Aunmi 3-28 i 3-30

1] MF _Speedii= 0 E

¥ MF_Speeda:= O:
3 MF_Speed3:= &

&=IF Speed <= 0 THEN
7| MF _Speedi:=1:
ENDLIF

¥
18| MF_Speedi:=(-0625 Spead)+ 1
11| ENDLIF

1 EIF Speed > D AND
15 MF_Speed2: =)
16| | END_IF:

17IF Speed> 1.5 AND Speed <= 3.3 THEN
18| MF Speedis[-0E25"Spead)+ &

1% | ENDLIE:

25IF Speed > 1.6 AND Speed <= 3.2 THEN
23| MF Speed3:= (1625 Speed)-1;

24/ | ENDLIF

355IF Speed > = 3.2 THEN

6 MF Speedi=t:

27| | ENDLIF

lm b ._II

A7 3-15 Reuladunai 1 Ay
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MF_Weight1:= d.
AF_Weight:= & o
WF_Weight3:= &

[IMF_Speed1
=IF Waight <=  THEN
ME_WesghTi=1:

RN R

END I
=iIF Weight = 0 AND Weight <= 300 THEN
| MF Wesghtl:={-0.003"Weight) + 1:
11| | ENDF:
12
13] f/MF_Speed?
14 =IIF Wight = 0 AND Waight <= 300 THEN

=

15| MF_Wegh2:= (0003 Weight:

16, | END_F:

17 =IF Weight > 300 AND Weight <= 600 THEN
18| ME_Weight2:={-D003"Weight) + 2

19 | END_F:

n| /MF Speedd

22 I Weight = 300 AND Weight <= 600 THEN
1 ME_Wesghti:= (0.00E Wisight)-1:

14 | ENDE:

15 =IF Weight == 600 THEN

% M Weight3:=1;

| | ENDF:

AN 3-16 RouluBunndl 2 Wt

MF_Distancel:s O
MF_Dstance:= !
MF_Distanced:= 0:

:

2

3

I

5 [/MF_Detarce

&=IIF Distance <= 0 THEN
7 ME_Drstanceli=1:

& | EMD_IF;

#1=IF Distance > 0 AND Distance <= 300 THEN
18 | M _Distancel:=(-0.003" Distance)+ 1:
11| END_I:

13| [/MF Speed?

141 Distance » 0 AND Distance <= 300 THEN
15 | MF_Distance2:=[0.003* Distance)

16| | END_IF:

17/5IF Distamce > 300 AND Drstance <= 600 THEN
18 | MF_Distance2:=(-0.003" Distance)+ 2

19| | EMD_IF:
w
2| M Speedd

22/7IIF Distance > 300 AND Distance <= 600 THEN
33 | M _DigtanceZ:= (L003*Distance)-1:

34 | END_IF:

25 -1IF Distamee > = 600 THEN

3% | ME Distancel=1;

27 | END_I:

9N 3-17 Rouludunedl 3 szeerinaining
TunausoluAon1InII@auAINgniaedlusinsulagin1sius sunsileu

TUsunsua

apdnlulusunsy Sysmac Studio Aulusunsuuunuway tasvinnislaadunnlu
TUsunsy uumuauwini [0.00, 0.0, 0.00] latewinmeenun Ao usaiuauegf 1.50 u1ses

A 3-31
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& Rude Viewer: DATA-NN-FUZYY - o %
Fle Edt View Options
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Al 3-18 wasaedlUsNTuLIMLAYBUNALINAY [0.00, 0.00, 0.00] Lo1AwWABE 1.50

Y

Haansnlaannisdiaedulusunsuiunuauldussivategn 1.50 15 31ntuYiNTg

naaedlulusinsy Sysmac Studio tasrinunadunaiiavindu [0.00, 0.00, 0.00] 16

W@1AnRegh 1.50 U1s whiunisdaeslulusinsuuamiay danmi 3-32

P 15053972 = » 1.5053972

A9 3-19 wansPnaeslulusunsuiiuead dunawinfu [0.00, 0.00, 0.00] tednnag

1 1.50 v1s
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3.3.6.1 LUUUTEIUANUDN Y09 ANSLA 8N UNITUTENEANGIUTEUUALDA
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3.3.6.2 wuuUseiun13iuivesiaing laglavinnisussgndaiaiuiimunlag
Ruengdech et al. (2024) teihanldiiteusziliunisiuindnensusendandanuseuuaudn
arwmaluladiyaiuszivg iunuvasuauanudniiiy Usznaudiedorain 3 Ay

17U 15 U wuseanlu 5 seeu (Likert scale) Tnslseauaziuu aapaludl

== <& v ¥ a
1 WU LAUAILUBYYNIEN
2 MNED Wiusees
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uni 4
Nan1538

Wevnluunillmiawenamaidenlasuannsanlivaununsauingussaidnisidy

gl Tnglduansmadniiiinannszuunniuteyauazmsiiasziteyadildain
nNSANEN 2 @31 bAwn

4.1 WNANITIFYAUIAINTTH

4.2 HANSIVYAIUNITANY

4.1 WNANISIYAUIAINTTY

4.1.1 HaNSHAUINIANTTUYANISISEUS

AN AINNITRALILIINTTUYANITE U NITUIITIANTHS WA MTUTEUUANER
melyaussavgynassndslulssnuanamvingsy Tngaglusunuuveagarnaususeuuauen

(Compressed air system training kit) laeiin1sldsanea3fiudyg UseAusitsenin ssuu

<9

Qe

[

auuuilalsfle® (Neuro Fuzzy) dwmsuldlunisuimsdanisndanu 91ntu aggnimivly

v v v a ¢ & ¢ A A o a
iqu“U@%aLLﬁSamrﬁﬂLLﬁﬂﬂNal@‘U‘L!‘Vi‘LJ’]Q@M@UL@@?Wi@QUﬂiMLﬂ@@UW W\TLL?{WQFLL!QTWV] 4-1

e

Node-RED
Dashboard

(}

Display

Programable Logic Controller (PLC)  Neuro Fuzzy

ANA 4-1 AINTINVBIYARNTULAUD



Tnelua1uuUmLIFINIsUleviNNISNAEeU AILEAILURNSIN 4-1

A5 4-1 asuAadeauiananilavaaesiilsiled 20 n1snaaes

auNe 121N
aft | dhn (n%) JEYe (Haains) ANLLS) WIIAUAL

(unsHaUNT) (u13)
1 0.13 1.36 0.43 0.09
2 0.07 2.67 0.26 0.16
& 0.07 1.84 2.44 1.32
4 0.11 1.75 1841 0.23
5 0.05 0.91 2.14 0.25
6 0.00 0.17 0.00 0.00
7 0.05 5.49 0.25 0.66
8 0.16 10.22 0.83 2.28
9 0.08 7.39 1.91 1.73
10 0.11 5.54 1.06 0.13
11 0.04 2.11 2,36 0.68
12 0.13 3.26 0.59 0.10
13 0.08 gl 0.24 0.11
14 0.04 2.44 1.74 0.18
15 0.08 0.91 0.29 0.08
16 0.05 1.08 1.39 0.08
17 0.05 1.07 0.08 0.24
18 0.39 6.25 1.95 1.93
19 0.10 2.03 2.55 2.63
20 0.05 6.21 0.94 0.05
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M1599 4-2 asuandesuunnsgulanaaesiilsile® 20 n1svaaes

duns 121N
mit | i (n%) JeuYe (Hadins) ANLLE) WIIAUAL

(WRIRaUNT) (U13)
1 0.07 1.09 0.08 0.07
2 0.07 0.70 0 0.06
3 0.07 1.35 2.29 0.09
4 0.13 1.08 0.39 0.13
5 0.06 0.69 0 0.23
6 0.00 0.11 0.00 0.00
T4 0.02 1.29 0.19 0.03
8 0.08 1.14 0.32 0.08
9 0.05 1.46 4.33 0.70
10 0.09 1.47 0.35 0.03
11 0.02 0.64 3.47 0.04
12 0.02 0.47 0.35 0.02
13 0.07 0.65 0.00 0.08
14 0.03 0.50 0.00 0.04
15 0.08 0.32 0.00 0.07
16 0.02 0.49 0.51 0.05
17 0.01 0.91 0.00 0.03
18 0.67 1.28 0.63 0.12
19 0.06 0.81 0.63 0.36
20 0.03 1.16 0.32 0.02
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4.1.2 wamnaaedludInanIstousuLUUARILASD

N9 4-2 1 HumssagUAaAEANARANAINNTNIARBILUTBYINULUUARNIATD
TR 20 AlagthdoyansunuALadsnuRsnaILazA JeuuLnTILINg
naaaslaINsUSeuis U WnaLsuaNINAIUT UL SR Uau N senIstoyaas s
nsruvaLInuLUUAaLAi e ul e e e Id a1 nTusLn kLAY T uNYi g
Wisuisuiuvesyasisivndundsuilulasaielssamifiounasnnisiisuiioud
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v
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13 o = = a0 N a U I3
AT 2 IRNAINAY 0.16 KAAINNTSLUTEULBUTANAREAIURANAIAATIT 3 LRIANA
WU 13.2 #a31nn1siUSeuiisuliAaiennuianaInaseil 4 1e1enawiniy 0.23 Nan
= = a a a & I3 v = = =
N15USgULEULARAEANURANAIAASIN 5 Lo 1dNALYIAY 0.25 Na1NNT Wisugull

ALRREANURANAINATIN 6 LIANALYINAU 0.00 HaIINNSSEUWIEULIARAAURANAI

v
v

13 o = a N a a S o s
ASIN 7 RNALIAY 0.66 NAIINNITUTEUMEUTANRAEAURANAIAASIN 8 LB1ANN
WU 2.28 #A3INNTUTEUEULALRREANURANAINATIN 9 La1ANAWINAY 1.73 AN
= = N a a & A ¢ @ = = =
NSUSEUNEULANRAEANURANAIAATIN 10 L@IANALAY 0.13 NaaInNITUSeuigull
ANRAEANAANAIAATIT 11 1B1NAIIAY 0.68 NAAINATSKSEUWIBUTARE BAIY
a $ o 3 @ = = a a a &
AANAIAATIN 12 L1dnmwindy 0.10 HaannsilseuiiguiiaLafeanuianainasen 13
% o = =~ N = a o o 3 v
1WA 0.11 NanMsiUIeuiguiiaaisnnulana1nnssi 14 1dnawitiu 0.18
= = A a a & A 13 Y
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! N a o I3 Y = a a a
ANRAUANIUNANAINAIIN 17 L9IANALMIAY 0.24 NAINNATITLUTBUNBULAILRA YA
AANAINATIN 18 Le1dnawiIiu 0.09 HavInNITTeuiguiARfeAUEANAINATIA 19

AR 1.93

p= ~ a0 a a o o I3 W | a4 O
HAINNSUTEUWBUTAREEAURANEINATIT 20 lIANAWINAU 2.63 TngARaems

20 A levinnisneassdusiaumuianatnfausassusulanas aunsavlldnuls
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N1 A

1 2 uazlguwesdunami 3 Aveuvuwesfilamlinsilunmeasuiiliednauseiu

~ a
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Proposing a Training Model on Energy
Management of Compressed Air Systems
with Artificial Intelligence of Things

Noppadon MONOK™, Suppachal HOWIMANPORN® & Sasithom CHOOKAEW*
* Department of Teacher Training in Mechanical Engineering,
Facully of Technical Education,
King Mongkut's University of Technology North Bangkok, Thailand
*s6502017810028@email kmutnb.ac_th

Abstract: Technology 4.0 in the industry focuses on effective enargy saving. Theare is
an increase in the need for industrial worker training, especially in compressed air
systems, air kept under more significant pressure than atmospheric prassure. It is an
imporiant medium for the transfer of enargy in industrial processes. However, the naw
lechnology of energy management systems o enhance performance has yel o be
widaspread. Owing to the learning malerial for training is expensive. It is also not
possible to simulate the operation of & compreheansive system. The employeas lack an
understanding of the big picture, causing problems in learning and lacking practical
=kills. Especially new employeas may naed more knowladge and expearience and have
oparation arrors or problem-solving skills. In this study, we proposed a training modal
consisting of a compressed air syslems fraining kit based on the Artificial Intelligence
af Things (AlaT), and the energy-saving scenarios consisl of 1) controlling the
compressed air prassure fed to the air cylinder while being subjected to loads of
different sizes. 2) controlling the compressad air pressura supplied to the air cylinder
while operaling the air cylinder without load. 3) confrolling the comprassed air supplied
1o the maching while it is stopped. In addition, we use an cutcome-based approach to
drive training activities. The resulls show that the training model can simulate the
process of energy management systems of comprassed air syslems and show it on
the dashboard. It can be implemeantad in employee or engineer practical training in the
Tuture.

Keywords: anengy managemeant systems, fraining kit, AloT, enginearing education

1. Introduction

Mowadays, industrial manufacturing and companies increasingly recognize the financial and
reputational benefits of meeting sustainable targets concerning waste and excessive energy
consumption (Abela et al.. 2020). Although compressed air in the industry is an important yet
overlooked energy carrier. However, in the industrial sector, compressed air systems are ong
primary energy consumer, accounting for around 10% of the electricity consumed in the
European Union and China, while the US, Malaysia, and South Africa account for 9% of total
energy consumption (Bonfa et al., 2019; Eras et al.,2020) Therefore, reducing CAS energy
consumption is crucial to meet the energy efficiency goals (Benededtti et al_, 2019).

Compressed Air Systems (CAS) provide a significant improvement opportunity for
energy saving. CAS refers to air kept under more significant pressure than atmospheric
pressure. It is an important medium for the transfer of energy in industrial processes.

Many studies attempt to propose a methodology to develop the energy management of
CAS. For example, Thabet et al. (2020) proposed real-time sensing and machine learning to
increase CAS efficiency with algorithms that automate the detection of energy inefficiencies
and make decisions regarding suitable troubleshooting procedures will be created. Sanders
et al. (2020) proposed new intelligent techniques to save energy in compressed air systems
with real-time ambient sensing via Artificial Inteligence and Knowledge Management to
automatically improve efficiency in energy intensive manufacturing.
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This paper uses Artificial Inteligence of Things (AloT) technology to develop the energy
management of compressed air systems training model. AloT will reduce energy consumption
in compressors by considering real-time circumstances and predicted needs. Sensor data will
deliver real-time performance information, interpret the data, and then act automatically.

This fraining course focuses on new technology that will be applied to save energy in
industrial manufacturing. Therefore, we proposed a training model consisting of a compressed
air systems training kit based on the Artificial Inteligence of Things (AloT) and the energy-
saving scenarios to align the outcome-based approach.

2. Related work
2.1 Training course of a compressed air sysfem

For the industrial sector, CAS is necessary to offer versafility, reliability. and ease of use in
various industrial applications. It is a cost-effective and efficient solution for powering tools,
controlling processes, and facilitating numerous manufacturing and operational tasks. CAS is
a network that generates energy from gas molecules being transported through and activating
an engine or rotor. It uses natural air that is all around us that we inhale and exhale. The
system uses compressed gas molecules to create sufficient pressure, which pushes through
the rest of the circuit. Therefore, the concept of training is shown in Table 1.

Table 1. The training concepis of leaning oufcomes

Concepts Leaning outcomes
1. Management of industrial Understand the management compressed air systems
compressed air systems

2. Programmable logic Use PLC to control hardware.
controller (PLC)
3. Ladder programming Wite Ladder logic programming with PLC.
4. Pneumatic cylinders Wite programming to control pneumatic cylinders.
5. Photoelectric sensor Apply a photoelectric sensor to detect an object.
6. Vision inspection systems  Apply a vision inspection system to frack an object.
7. Electro Pneumatic control Wite program control Electro Pneumatic control
8. Vacuum grippers control Use Yacuum grippers to pick and plate the workpiece.
9. Artificial Intelligence Apply Arificial Intelligence to save energy
10. Dashboard Display informaticn on the dashboard

2.2 Artificial Intelligence of Things (AlaT)

Artificial Intelligence of Things (AloT) refers to integrating artificial intelligence (Al)
technologies with Internet of Things (loT) devices and systems. AloT combines the power of
Al algorithms and data analytics with loT devices' connectivity and sensor capabilities to
enable intelligent decision-making, automation, and advanced functionalities (Hu et al., 2021;
Xian et al., 2023). Many studies attempt to present AloT applications in many fields. For
example, El Himer et al. (2022) present applications of AloT technology to manage and save
energy in renewable energy sources such as solar and wind. Shi (2021) presented AloT as a
new technology for developing innovative, low-cost, reliable monitoring systems for smart
home applications.
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3. Training Model on Energy Management of Compressed Air Systems

3.1 Proposed Training model

In this study, we designed a training model focusing on industrial employee practice training.
A ftraining course should have a hands-on activity that can operate related work. To
understand the engineering problem of saving energy, we design the training model to perform
the activiies and appropriately prepare devices or materials based on a conceptual
framework, as shown in Figure 1.

(&4 ]

Engrmens T mpkrmes

Figure 1. Training model framework

In addition, we design energy savings scenarios to consist of 1) controlling the compressed
air pressure fed to the air cylinder while being subjected to loads of different sizes. 2)
controlling the compressed air pressure supplied to the air cylinder while operating the air
cylinder without load. 3) controlling the compressed air supplied to the machine while it is
stopped, as shown in Figure 2.

©@  ©

Figure 2. Energy savings scenarios
3.2 A compressed air systems training kit

To design the structure of the training kit, we identify the performance of training materials
able to compare the scenarios in case of saving energy. Figure 3. shows a compressed air
systems training kit consisting of a Programmable Logic Controller or PLC (Omron NX1P2
V1.50), a device that automatically controls a machine. A load cell sensor is an electro-
mechanical sensor that measures force or weight. A distance sensor is a sensor that
measures the distance by emitting a signal and measuring how long it takes to return to the
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transducer. An air regulator is a pneumatic device that receives air at any pressure within its
tolerance and then dispenses air at a pressure no more significant than its intended output. A
DC-to-DC converter temporarily stores electrical energy to convert the direct current (DC) from
one voltage level to another. A camera is an optical instrument that captures images. A
cylinder is A device that converts energy from wind pressure into mechanical energy.

Figure 3. The component of a compressed air systems training kit

3.3 Neuro-fuzzy algorithm

Neuro-fuzzy is an artificial intelligence method effectively utilized in control engineering to
demonstrate neuro-fuzzy usage in training for managing the energy of compressed air
systems. Neuro-fuzzy algorithms, also known as fuzzy neural networks or adaptive neuro-
fuzzy inference systems (ANFIS), combine elements of fuzzy logic and neural networks to
create hybrid models that can handle complex and uncertain data. These algorithms aim to
leverage the strengths of both fuzzy logic and neural networks to improve the accuracy and
interpretability of the models (Tiruneh et al.,2020; De et al., 2020). In this study, PLC is
necessary for building its control programs and is appropriately tied with AloT. in addition, the
MATLAB program can run a Neuro-fuzzy algorithm, as shown in Figure 4.

OO e o o I Ty o Ty Py P e e e e
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Figure 4. (a) Example of Membership Functions in MATLAB (b) Example of PLC program

459

78



3.4 Dashboard

A dashboard iz a wisual representation of essential information, data, metrics, and
performance indicators displayed in a consolidated and easily understandable format. It
provides a snapshot or summary of data to help users monitor, analyze, and make informed
decisions based on the information presented. Node-RED is a development tool for connecting
hardware devices, application programming interfaces, and online services (as shown in
Figure 5). It has a browser-based editor to enable wirng together flows using the wide range
of nodes in the palette. The industrial flows automation created in the Mode-RED tool and a
programmable logic controller (PLC) can be stored, imported, and exported for information-
sharing as a dashboard in the gateway connected with the open platform communications
unified architecture (Chookaew & Howimanporn, 2022).

- # dashbaard i ® & o - Setpoar)
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Figure 5. The screen snapshot of Node-RED dashboard

4. Conclusion and Future work

In this study, we proposed a training model consisting of a compressed air systems training
kit based on the Arificial Inteligence of Things (AloT), and the energy-saving scenarios
consist of 1) controlling the compressed air pressure fed to the air cylinder while being
subjected to loads of different sizes. 2) controlling the compressed air pressure supplied to
the air cylinder while operating the air cylinder without load. 3) controlling the compressed air
supplied to the machine while it is stopped. In addition, we use an outcome-based approach
to drive training activities. The results show that the training model can simulate the process
of energy management systems of compressed air systems and show it on the dashboard. It
can be implemented in employee or engineer practical training. We plan to investigate the
effectivenass of the proposed models by comparing pre- and post-test performance and
evaluating attitudes toward training as part of future work.
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ABETRACT: Mowadays, using technology to manage energy in manufacturing iz an important and iz receiving
increaszing attention, especially energy savings in compreszed air svstems that use snergy squivalant to 10% of the total
alecmicity consumption in mdustrial plants. Therefore, the energy consumed i 3 comprazzed AT systam iz expansive.
Wlamy smdies have stempied to propose energy efficiency methods that can resolt in energy savings. However, the most
advanced techmology iz difficult o teach, complex to transfer and disseminate kmeowledge, and @t still requires
engineering expertize. In addition, traditional teaching and training are mited and canmot reach the level of industrial
practice and new mamifachring technology knowledes in reslistic situstions. Thersfore, this study examined energy
management with artificial intellizence in compraszad air svstem training coursss that use artificial neoral networks to
leam data about conpreszed air systems and predict enarsy use in various simations of poeumatic systams. The results
zhowed that developing technological knondedee through collaboration between academics and mdustry parmers helps

Eevwords: Energy managameant, Al education, leaming factory, academis-industry collsboration

INTRODUCTION

In the modem industrial landscape, the importance of mesting sustaimable tarzsts, particularly in areas ;ach as waste
manzgamant and reducing ewcessive anergy usage, iz gaming sisnificant recosnition. Energy management is the key to
=aving enargy, which is the process of monitoring, confrolling and conserving ensrgy in the mdwsirial sector. Improving
enargy efficiency in industry is difficult due to the hish complexity of industrial energy svstems [1]. For example, energy
@vings in compressed air systems (CAS:) can accoumt for up to 10% of the total eleciricity consumption in industrisl
plantz [2]. However, the jeurney toward energy efficiency has some challenges. One of the critical bamiers is the need
for ensrgy efficiency promotion and, more importantly, staff training in energy mansgsment [3]. One reason for the
critical barriers to staff training in emerzy management iz the need for more swareness and understanding of anergy
efficiency practices and their benafits.

Thiz underzcores the need for action and imvolvement from all levels of staksholders. Industries” elecirical energy
consumption i due to CASs. Effective energv-saving imterventions for generating, distributing and transfonming
compressed air require proper energy information manasement [4]. CASs refer to air kept under more zignificant
pressure than atmospheric pressure. They are an eszentisl medium for the transfar of energy in industrial processes.
CASz are primary energy consumers m the mdustrisl sactor, accounting for around 10% of the slecimiciy consumed in
the Europsean Union and China By contrast, the United States, Dlalaysia and South Africa account for 9% of the total
enargy consumption [3].

MIamy universities and industries have co-operated to provide stodents with opportunitiss to engage with new technology
in industry practices and learn more about professional skills and competencies to be more effective in the clazsroom
[8][7] and m the workforce. Energy efficiency m imdustries iz ezzential for emergy cost savines and sustamable
competitiveness [§]. Thus, enstgy management iz important for enginesring students because they should leam how to
uze new enginesring technology to optimize energy systems and reduce snerey conmumption, and they should understand
the economic systam to manage 2 budzet and reduce operational costs [9].

In zddition, proper energy mansgement with new technology can help ensineering students commect kmowdedge with
practice i real lifs, thus reducing and preventing bumont in abstract leaming. By lsarmine how to manase their motivation
and emergy bevels, smdents can cultivate problem-sobiing skills using echnolosy that will bensadt them in their fishare caresrs.
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Thiz smdy presents ensrgy mansgement (ELI) with arificial imtellizence (AT) in compressed air svstems (EMAT-CAS)
fraining courzes that focus on applying AT to reduce energy consumption in compressors by considering real-time
ciroumstances and predicted needz. The role of Al in thess courses is to interpret the real-time performance information
delivered by sansors in the trainer platform, and then act sutomatically to zave eneray in the preumstic process in
industrial mannfactoring. To explore the efactivensss of this smdy, an experment was conducted in 3 raming course on
collaboration betwesn academics and indusity parmers to dizseminate and distribute imovations that benefit other
astsblishments, and to evaleate stadents’ leaming achisvements and perceptions. The research questions are as follows:

FQ) 1: Do the ER[AT-CAS fraining courses enhance smdents’ understanding of energy manazement m CA5s7
F.Q 2: How do students perceive EMAT-CAS training courses?

BACEGROUND
Artificial Intellisence Education

Al iz a developed comyputar system or machine that can parfonm tasks that typically require loman intellizsnce. It iz
a cognitive science technolosy related o imape processing, natral lansmase processing robotics and machine learming
[10]. Previous smdies have confirmed that AT education iz an eszential concept and competency for new generation
students in many fields and levels of education [11]. It is especially =0 in hisher education that foruses on the curricuhm
inchisive of Al and strives to create an Al-ready workforce with essential 21st-century competencies az identifiad by
industry and government neads worldwide [12].

Some studies refar to course offerings based on challenze-based leaming, physical and virtual practice lsboratories,
and mixed teaching methodologies to accommodats the digital transformation and demands of Industry 4.0, and to
aducate and prapare the new generstion of students according to the labour market neads [13]. Other studiss describe
how to develop a conceptusl understsnding of AT throush a literacy course at a university [14].

The true power of Al education lies in itz connection with the industrial sector. Thiz connection can facilitate fruptful
collsboration and kmowdedze emchanpe between academis and mdustry, leading to valuable ressarch parmerships,
intern=hip oppornmitie: and industry-driven ouriculum development This symbiotic relationship nltimately banefits not
just educationsl institotions but also the industrial sector, underscoring the crucial role of indusiry professionals in
shaping the firure of Al education [15].

Comverzaly, integrating Al technologies into industrial operstions can help improve and streamline variouns industries”
proceszes. Furthermors, Al teaching i the mdustrial sactor can help employvees adapt to and leveraze Al technologies,
enzuring 4 skilled workforce capable of utlizing AT to its foll potential Companies can benefit fom increased
efficiency, reduced costs, predictive maintenance and enhanced zafety [16). Al can also facilitate the development of
amart factories and automated systems, thereby mproving productivity and competitivenass.

Arademiz-Industry Collaboration

Acadernizs-industry collsboration (AIC) iz essentis] in the education svstem becausa it allows for the exchanse of Imowdedse
and expartize betwesn scademic researchers and industry professionsls, leading to innovations and advancements [17].
This collaboration al=o helps bridge the zap betwesn theosstical research and practical applications, leadms o real-world
solutions to complex problems [18]. It provides vahluable opportunities for smdents to gain practical experisnce and for
industry professionals to stay updated on the latest research developments [19]. Creerall, ATC fosters a purmally bensficial
relationship that drives innovation and economic arowth. In thiz stody, the authors of this article desismed & trainine course
bazad on the ATC medsl (Figure 1), which focuzes on providing students with an opportonity to comect with industry.
Stodents can leam about the conmection situation in the mdwustris] sector, 3o that once they graduate, zearching for a job

becomes simpler. U=ing their established connections, sradusting students ea=ily find job opportinities.
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Figure 1: Trainine course based on the ATC modal.
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Application of AT in Industrial Mamifacturing

The uze of industrial AT in process optimisstion in mamifacturing iz gaining rapid traction, enabling mors innovative and
more efficient data-driven decizion-making by leveraging historical snd real-time data In developed coumtries,
the power industry has started using Al technologies to connect with smart meters, smart grids and Imternst of Thinas
{IoT) devices to improve =fficiency, energy manapement, tansparency and the wsage of remewable energies [200.
Thus, AT plavs a crucial role in industrial manofacmring, as it can optimize production processes by analyzing real-time
data and identifiing improvement areas. This increases efficiency and reduces operational costs.

This movel technoelogy is transformed into advanced mamifachining by summarisme the latest proevass in critcal ensbling
techaologies (2.2 production processes) and transitioning toward disitalization with the implementstion of sensors that
provide real-time data that can now be monitored remotely with IoT technelogy [21] and AT and IoT [22], which can
monitor production proceszes and reduce hizh maintenance costz AL also ensbles predictive maintenance and allows
mamifachirers to detect potential aquipment failures before they ocour, thus minimizing disnptions to the production line.
Al-powered robotics can handle repetitive tasks precizely and quickly, leading to higher productivity. Integrating AT into
industrial mamifachring can lead to cost savings, improved quality control and enhamced overall performance.

Energy Manazement of Compressed Air Systems

Az mentioned earliar, CASs refer to zir kept mmder more significant pressure than stmospheric preszure in 3 preamstic
syvztem. Poeumatics refers to how air pressure feeds and moves applications in industrial mamfachring. It puts compressed
air into operation by moving applications, espacially tools and mackinary uzad in engineering. It is an essential madium
for ensrgy transfeor in industris] proceszes, iz an effective solution for balancing thiz mizmatch and is therefore suitabls
for future electrical systems to achieve a hish penetration of renewable energy generation [23].

r—'_':‘.’ Air pipeline

wm

Alr slorage lank Refrigerated air dryver

Fizure 2: Compressed air svotem components.

Fizure 2 shows the CAS components. They are preparad to use as a refrigeration dryer. There is usually a compreszed
air reservoir upsream or downstream of the refrigeration dryer. It iz desismed to compensate for flucmations in
consumption through tobes n the decentralized air preparation stage. This stage is the subject of thiz article, and it has
the following functions: building pressure using an air compressor, transforming it into an air storags tank, filtering and
oiling using an zir filter, and regulating and dryving with 2 refrigerated air dryver. The prepared compreszed air is supplied
to the machine to actuate the application through an air pipeline. Industrial mamufacturers rely on compresssd ar,
which comes with specific pressure, flow and purity requirements. With careful planning, thess requirements can be met,
offering sisnificant cost-zaving opporunities. Compreszad air is 2 costly utility, bat by mplementing strategies to reduce
air system operating costs, mach e considering compressor controls, manufacmrers can make substantiz] savings

The ultimste geal of any compressor control system is to efficiently match the compressed air supply to demand, thereby
optimizing enargy uzage and reducing costz. Effectively managing energy in CAS: can start by conducting regular audits
to identify and address amy lesks, inefficiencies or aress of improvement and by considering imvesting in energy-
efficient aquipment. CASz m factories have more than one compraszor, therefore, confrolling pmitiple units m concert
increazes ensrgy efficiency and presmure stability. Funning muoltiple umits independently often resultz in unstable
pressure and wasted energy, such as mnning more machines than necessary or nmning compres=ors at higher pressures
than neaded.

Energy Manazement of a Compressed Adr System Trainer Platform

The aim of thiz shdy was to teach smdentz in practics situations from EMAT-CAS: activities that oreats practice
scenarios to: 1) understand energy in pneumatic syvstems; I} understand energy efficiency and emergy savings;
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and 3) uze Al for decision-making. Figure 3 shows the concepmal framework of the trainme course, which focuses on
the activity of using 3 prosrammsble logic conmoller (PLC) to comtrol indusirial equipment with an AT algorithm
(L&maruﬁmlmalm(m)mmmsem ina CAS At the same time users can monitor visosl
information dizplayed on a dashboard throush a monitor or mobile device.
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Figure 3: Compressed air svstem components.
Thiz platform consisted of a CAS training kit based on three energy-zaving scensrios: controlling the mmp:\esmdalr
pressure fed to the air cylinder while I:F_-mg mubjectad to loads of different sizes; controlling the compreszed air pressure
mpplied to the air cylinder while operating the air cvlinder withowt load; snd conmrolling the comprezzed air mupplisd to
the machine, which 1= stopped.
METHODS
Participantz

Thiz study was conducted with the co-operation of an industrial enterprize and a university m Thailand. The wiversity has
instroctors wha ars sperts i applving AT concepts to mdustry. The enterprize supports industrial profeszionals with energy
management expartize snd mdusirizl laming matsrial from 3WIC Thailand Ltd. They have also conducted co-operative
razearch on Al's contringtion to energy efficiency in industrial mamifaciring. This pilet smdy’s target population was first-
VEST anginesTng students inferested in panicipating in framing courzes. There were 45 students, comprizms 28 men and 17
women. Their age ranse was 10-21 years, and they majored in mechatromics and elecrical enginesrine. Vehmtary and
informed conzent from the participants was obtamed before their imvolvement. They recaived mfonmation about the rezearch
purpose, procedures, risks, benafits, and their right to withdraw: from the shady at any time.

Instruments

The azzezzment of leaming schisvements was designed by thres experienced industrial sector exparts and an mstmactor
with more than ten years of experience in teaching-related fislds. The test measured smdents” inderstanding of enersy
manzrement wzing Al in CASs It consisted of 30 multiple-choice questions in the pre- and post-tests, with items in
the two tests being differant. The test was evaluated and scored out of 30. The Cronbach’s slpha of the ERMAT-CAS tasts
waz (.75, The interviews were used to collect the smdents’ perceptions after participating in the EMAT-CAS sctivirty,
inchiding five semi-souchired interviews that comprized open-ended guestions.

Proceduras

Thiz stody adopted 3 one-group pre- and post-test desizn to examine whether the participams" understanding levels were
sipnificant after participating in an EMAT-CAS taining couwrse. The students attended the training cowrse, and the
experiment took 12 hours to complete in two davs. Onm the first day, the studemts wese given an intreduction and
overview, and they took a pre-test to meanure their prior knowdedge, which was complsted in 30 mimptes.

Aftarpeard, the instructer from the university presented and demonstrated the EMAT-CAS trainer platform. The students
learned sbout the equipment in the prewnaric svatem and were imtroduced to the uze of AT for maeking decizions (Figure 4a).
Om the second day, the EMAI-CAS activity was conducted, followed by a dizcuszion of snersy management expertiss in
the industrial sector (Figurs 4B

In the activity, the students were divided info eight groups, with each sroup comprizing five-six members, through the
EMAT-CAS trainer platform using three simations. The participantz performed the lesming activities based on scenario
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leaming, which imvobred enerey consumption problems in indwsirizl manofaciring, the starting pomt for students to
immerse themsahes in real-world problems, and a subsaquent solution-finding process to save energy. The stodents had
to apply their kmowladze and cognition to sobve problems and conduct dizowssions during thiz process. After parfonming
the traiming activities, the students in each sroup discussed the application of AT to manage snergy in ten mimites.
All the sudents took post-tests in 30 mimites. In addition, ten students were randomly chosen to participate in ssmi-
structured foons sroup interviews for 20 mimates.

[N e
a} b}
Figure 4: Training activities conducted by &) 2 university instructor; and b} an industrial profeszional.

RESULTS
FQ 1: Do the EMAT-CAS training courses enhance smdents” understanding of energy management m CASs?

To anzoer the research question, the mthors uzed the paired samples r-test to determine whether there was a significant
difference in the students’ understanding scores before and after the imtervention {Tabla 1).

Tahble 1: Fezults of the means standsrd deviations and pairad samples r-tasts.

) Pre-text | Postes | ' ' )
_ Categan M+SD | M+SD | ! . # | Cobend
Understanding of energy in - [
the ic 4667 +2.033 6422+ 1.868 7371 0.000 0313
Eﬁ;‘m?mmfﬂmmf;im. el 2533+ 1.222 4.422 + 2266 5.036% | 0.000 0.555
| Using AI for decision-making | 5356+ 1864 | 6378+1305 | 3400 | 0001 | 0174
Crverall 12556+ 3364 17222 +3838 | 0400 0000 | 0.310

H=45, %pc 005, *p < 001, *+p < 0.001

The overall pre-test and post-test mean scores were 12,558 (5D = 3.364) and 17.222 (5D = 3.038), respactively. It was
confinmead that thers was a sipnificant differsncs botween the mean pre- and post-test scores (¢ = 9.400, p= 0.004).

The students had an understanding of energy i the poeumatic system (¢ = 7.371, p = 0L.000), with a pre-test score of
4667 (5D =2.033) and a mean post-test score of 6.422 (3D = 1.848); an understanding of enargy efficiency and zavings
{t=5.034, p = 0,000, with 3 mean pre-test score of 2.533 (3D = 1.222) and 8 post-test score of 4.422 (BD = 2.244);
and an understanding of using Al for decision-making (¢ = 3.492, p = 0.001), with 3 mean pre-test score of 5.334
{5D= 1.B64) and a mean post-test scare of §.378, 5D =1.3035).

F.Q 1: How do students perceive EMAT-CAS training courses?

Table 2 pressnts the resnlts of the students’ imterviews about the EMAT-CAS training courses, including five questions.
The summary of the group imterviews showed that the students perceived the traming couwrses &z beneficial and
responded posiively to them. The traimmg courses provided therm with practical gkills snd kmowdadze directly applicable
to their futare caresrs. Thiz hands-on experience could zive them a competitive edze in the job markst.

Howsver, thiz course iz tob chort to allow stodents to participate in the activities; they need more time to lesrm more
about the complex concepts of AL In addition, traimines courses often offer opportunities for networking and building
comnections within the industry, which can be invalhuable for fitore job prospects. oreever, completing these traning
comses can enhance smdents” portfolios snd demonstrate their commitment to ongoing leaming and professions]
developmeant.
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Q2: How do you think this
comrzs can apply Alin
ENETEY MAnagement in
mdustry?

| Q3: How cam AT affect our
lives in the fiure?

Q4: If AT is intesrated into
our daily lives, how do you

Tahble 2: Results of the simdents’ intardews.

Smdents’ rezponses

| 1 learned about Trmovation 4.0 avid AT syztems, but seme sifuations need clarjficasion

and urdersanding.
I learned abowt using AT to save ensrEy and pracricig with adustrial equipment, such
5 sersars, PLC: ol preumdtic Sysiems.

[Itis ured to agiust the air presswre ured fo contral the afr cylider in z&sﬁm‘arymmﬁt'

the load, and when the machine staps, it i ordered to cloze the air valve to reduce the
air loss cauzed by air leakage in the machine.

Thiz course ampliss AL which cam be tecredibly wrafil tn energy management in
mdustry. Al can kelp forecast energy doemands more accurately, leading o beter

| plapung and cost Savings.

T think that AT will continue fo signjficaveiy gffect owr lves i the fetwee . T can aopiy
Al 1o my daily ijfs, and it can maks owr lives easier... In the firure, the impact gf AT
will depend on how we choose to wuse and regwate this rapid technology.

| I nsed to learn how AT weorks.. -berause I may be able 1o keep wyy job if I adaoe... T

ma, AT skills may be essential for Dudustrial requirer s

think will we adapt”? If it A5 AT becomes mors Duegrated Dro our daify Ihes, we will r:mdz‘a adapt by learning
doez not, what do you think | mew skills and to understand Row to work alongside AT systems; otherwise, I may mizs
will happen to our lives? | our on potential bengfits from the appiication gf AT i m)y work. |
Q35 Would vou want thiz I suppase nwo days is too short a time to learm and wederstand the AT concept... & may
training course to be added | fobe wp fo theee dovs fo learm and undersiand more.
with mors Content or The timeline of this acrivity 5 sliekoly short, bur I have a ceriificate to includy in sy

| activities? | porgfolio. It can be usgfld in my job in the fours.

CONCLUSIONS

This study provides evidence to the power of collaboration berween acadermics and industry establishments. The authors
introduced the ERAT-CAS waining courzes, which leverage ANz to leam data sbout CASz and predict energy use in
varions pnenmatic system scenarios. This simdy is oucal becanse it provides a practical way to develop technological
Imowledse and disseminsts innovations that can benefit 2 wide range of estshlishments.

The experiment demonstrated the immediate benefitz of the EMAT-CAS training courses and hizhlizhted aress for folre
improvement. Althoush the smdents’ understandine inmrezzed and their perception of the course was positive, their feedback
mgzested potential enhsncements in the design of the lesrming actvities. Thiz experiment open: up excitng svemes for
funme research in which additional factors and conditions for organising the leaming emvironment can be explored,
iz potentially revolitonizing Al competency development in factory learning zettings and enginesring sducation.

AT education should be connectad wath the indusirial sector to ensure that students are learning relevant skills that ars in
demand in the worldorce. By alisming AT education with the industrial zector, sdsnts can zain practical experience and
understanding of how Al technologies are applisd in realworld zettines. Thiz connection can also bridze the gap
between academis and mdustry, leading to better collaboration, innovation and job oppormnities for sraduatss.

The zuthors plan to implement thizs course in the industria] sector with 2 knowledge transfer process in future swdies.
Thi= process iz not only beneficizl for academis-indusiry co-operation. It is essential for industrial staff to ensure that
valushle information, skills snd best practices are passed on from experienced amployess to new hires or existing team
members to enhance operstions] efficiency, safety standards and overall productivity within the indusirial setting.
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