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ABSTRACT

This thesis proposes the application of lean manufacturing systems to improve
efficiency and reduce waste in an assembly line of an automotive control cable in the
automotive industries. The research aims to improve the bottleneck of the process,
balance the process using the current value stream mapping, implement chart, and
check the improvement results with the post-improvement process flow chart. The
improvement from the lean concept in production line can improve production flow,
reduce 33% in labor, decrease defect positions of inner in cavity of casting mold to 0
by robot arm concept.

The improvement by using a robotic arm to reduce problems and costs must
be considered all around because the increased costs resulting from the reduction of
labor costs can be converted to energy costs. The reduction of energy consumption
here is determined by the use of artificial intelligence techniques (PSO) to find the
optimal robot control solution with the lowest energy consumption.

As a result of this improvement, energy consumption can be reduced by 12.30%
with the same path, but from the actual application in the industry a production plan can
always change production cycle time depending on the order. During that duration, finding

the answer with this technique requires a long period of processing time and cannot



respond to the sudden change from customers, and therefore it is necessary to conduct a
continuous condition of parameters with neural network techniques to provide information

that has the broad coverage in every required range.
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fiAnTulasnsthurususudidunsalunisyha

undl 4 naMiasfigadiuuiammamansvesuvuiueud wagsihmslduuudaes
dievhmsnmdsnuesiousiueus Mntuthssuudyyussiviidnndssgndldlasagldnimm
Amduve WU udTiesigamemaianguouna Insmsimuaalunsiadeud seuy

[
C Y

| & d' Y P | ¢ a °
%aﬂmmLi’JLLazL%ﬁ’]‘l/l%vl,@aaﬂmL‘Waiﬁi’ﬂumﬂﬂSLLﬂiMIuLL“UU‘VguEJum BANYINYINTIATINTIAINU



fallloarastayanianunluiiain1svinaunteefgn AudwiavinanunuInign Nanen1sude

muualilagmalialassieUssaniieaiioldlunisinulugnaimnssy

(%
Y

Uni 5 nandaunasuiilaannnisenwAuainienunluuifeld naendu Tolausutue

[y

LALLUININTHAILNLNYITDIN VU



unii 2
nauwugunldluaulde
2.1 NISNAAKUUAU

Tuszuunsudauuudufuundalunsuszendisniseneg deldiduivsduazedn
anugaplan videdsilineliiAnyadiinlaqliuinssuaunisudn wagnansu lngdadein
ANFBINITYBINAINAEIINITATNTEUURY Tunszuaumsiile viliAran mnisivasgis
soliloweinszuIung wasdinisuulTanszuIunisedidoieuiloaireyanfinliun

[

nszUIUNISHazHAnSudlegsalLane nMsvdnaugaailunsruaunsnandudmneddy

]

YosszuuMIKAaRUUAY ilesnnmiugauuandummailiAsdunuvienalunsndndud
FiutuBenuganuan 7 Usems (7 wastes) fidsil

1.nsuanunAuly (Overproduction)

2.mssoreelunsuianms (Waiting)

3 MsaudniuAusndu (Transportation)

4. msSidureuniswanunniAunus (Processing)

5.1158auARIAdanAuANS Y (inventory)

6.nsindeulmuniAuly (Motion)

7.758BUNUUNNTDI Lazads (Defect)

2.1.1 AUNVDITTUUNISHAAKUUEAY (Historical of Lean Manufacturing)

PNAMNITUNITHAN IO UAUYIN AN ITHRUITEUUNINARLUVAUTUATILIN Tuahe

[

NSHANAUAILUUANY TaNTesasuniianwasdunuillie Allnrswdatuundesddusenuuas
VINYegs wardInIFIUNTHaRTUREAULTI Inefililadatgnisnanuuusiolliowaumasausn

Andndumdilnginnsndnlagldnnuduiguagiinyevesaninamugs Jwiladduunings
Audsenuiggs uwignaniaiunsandnduaidialdvainateviinniuaiudeanisveagnan
ndsndulurisduamssuil 20 18u3 leda (Henry Ford) Falufrensusem vedn uewmes 1¢
AnFuuwnAnlunsaisaensnanliidnvugifinnmaneduseillos uazBendaiidnuse
mandeuiilunszuiumsvesansnismdniiufonugaiar Tnsliissuvaenugidosnld
TuanenisUseneviudiusnsuivesudsm uarlifudiuiifinunin wagumsgrudendu vl
annsoldtudumauivaumusuldilrnadlilunmsuananamayldUinuiisiueddlss

MNAIEITNSHAALUUTLANE NI IduduLas TgAulaSunTHEngndeialudanssuiunis



wandnly Taeflifinnsfinnsanisanudesmsfivnzanszuusnangnisonitssuumsnanlg
whud3una (Mass Production) AesdnuuuitiutSinasnnuazdeniiinnisaaniisiuiuanndey
ylvdunumansomhelifiamisdeuiiliszuunmandnsasuivesusiniesaianuszay
audifaegnannlngsosuduesuitnesaluiaadl (FORD Model T) adusngusisusoniosi
fnsuanuaz e lfidusiuuinnusiisefuieeismhofiedsaiteunsedludaiy
nandauduvesindnioniniuiududnsosudiidwiulosneudianudesnisdodudmiy
uniindawinlsfansadmiglivunuagludnnaiednun

PnANUEUSveIUSENHesa uedld nluny (Eiji Toyoda) wazwendd lelug (Taiichi
Ohno) fusmsvesusenlaleimlanegiemitomuimiuannisudawuuldaieniududesuin
nsUfulsszuunsnanvesuISlaledluduuuslurasdulse maduegluaniwndsan
asnsuvilidadenisndndie waeRuvuddlegegainiameaniisyasusgndilimngiuns
Tsvvumanannuuitiuiuiusnnisdmalvliainsaamuiieairsssuunsuandiniugsan ol
ueg1evesuISNein yanataesddlitantuiusuresuidvlalesvhnsiausruunis
WARLUUTDIUINT U g deUsyaunsnifiinenuIndasuduanmanaaakazuAdami
Antuianundiadalinsidaauesurseansuiul weuildainniinnuunnaesufin wae
UsggndunamiAnuesszuugiuesinsifiavieniGoninssuufanaaiussuunmssaniizondn
“sguun1snanuuulaleni” (Toyota Production System) ?z'fwflm?iié’fﬂ Suiludeszuuniswan
WUUMULIEI WA (just in time production system)

1%

FuIAALUUAY warszUUNIINARKUUAY (Lean Manufacturing) 1unisdnanausisly
1 @ v o = a . |
gna N ITulanlssaum1eg AdesiIn1siagussuunIsHARIN Mass Production g Lean
Production %158 Lean Manufacturing 31Wnemenas1e fiume
James P. Womack Tud 1990 launsuilsdeo%® The Machine That Changed The
World Ing James P.Womack lgiileniaflsvinisAinwszuunasuanvesinlegnduamansd
AN TATIeRlssuUsEnavsasudvesgUu awdni wazglsy lnaidudlinuiinendn

“Lean Manufacturing” JuAIIUsA

[

Ty lun1silssnunsaussmasinssuuaunUssynalduuaslanvefall

q

'
[

Usen157 1 Aansiifumusiag (cost reduction) ariuaduaIunsalunsuaatuly
1NTU (competitiveness) 15a1UN55NwE@ILLUMIINTAAN

o eaa

- Usems? 2 feemsiiuNAn N (increased productivity) ietdun1sdndsnaniueing

JULaTSNEMI L ALAIULUIMI9N1TRAIA L

- Us¥msN 3 $9n19aa lead time TuNSHARAUALNDNITINAINANN U NINTIRBLIAN (On

time delivery) uazilumsiiuannuiianelalvifiugnén (customer satisfaction)



a a

- Usenshl 4 deensiisruunsnanniisyansamgeluseduaina (world class
manufacturing) tieN1suady uasiluiivensuveanisgni
- Usen1si 5 gnAndesnsbivh Fsdludesiniienrunelavegndn Faluniuivesnis

SONANN N

[y |

- Usen1sil 6 gnANENSUTHIEUNGTEUUNMINARKUU lean WIBUWBURUE IR

(supplier) 188U BRI NANUVDIHTNAT FuULdManonITATonGn sty
- Usenshl 7 uiEnwi@seglusinsseinaiuleungliivi

SPUUNITNERLUUAY (Lean Manufacturing System)

szuun1sHanfgainseinsivaresnu lngnsAumuazminainugaivaivesnuiiie

a U Aa k' 1 ! =

WunuAwazyimsasfunuliiusaumedwodeaiieligndninaufianelanniignlnes
ﬁwﬁusﬁu’umaﬂumsﬂ%’wqq 5 dunon
1.M33vYAMANBIAUA (specify value)
unAniannsossyanrvemantnellilihaneveduiindadueag flrunsi
auFeIMsvesgnitevitelinisssydnduddauaegilaenalinsissuisuiuguidldlae
fimsFeuidsuazseadulugamosesgnd lildlununevesgian msftamsnszyinnue
vosduiiiunannavesesfnsluyunowosgnéiiuagyinliianinsonouaussnganisves
gnénldednagnies duhligniinaufiansls
2.M3uan Ul auiannAT (value stream)

Juieiesiieflilunsuansmnsinvasnssuaunisneniaefidnnefidesniady
wileunuiuanifanssuuaznisivaveInssumnsBuni “Ununmagsisanu” nefazsos
YA LR R UARIRIN TILTIVEIATEINTZUILNTS TneUsznaUdIY SrarTauaingn
nszuIuNg Janasedslunszuaumsmsindoudneian duanislvavesdeyadeazdonansli
Wiudsan uztagiu (current state) a93anssulunssuauns wazgreudmisbilunisadng
anuziidiesnislusunan (future state) wnudswisgaiArannsaldlunisdeanslunssuiunig
savalaudanisnaununiegsfe wsedesdefivaslunsdanismaudsuunlanszuiunis
nszurunsUsenevldmennuninniesnignmvesanuzdagiuasiandiiiudaninves
tagtuiiduey uazedlianuziideinisluswiaslumsiozdanion wagduluimadimiunms
UFuugemnag)

Fsmsdariunudanansauaazugasudulunsuuuaesmsdanms demns HYINNTS

v o=

HAR I19WNUNNINER JIndEUAT wavgnA Feazuansbinuidmlidaumsarainnsadiiun

q
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feaweiavula Wneiidmnefanisduun wasidndslialunszuiunisesntuainianssy

s MegluanemnanyNRaNISUMNEITeINaRA NN g N INEATBNITUIANS

'
1 )

NSHAAIANEEITWIIAMAT JUN 2.1 Aan15dnvindaiviaanan (value stream mapping :

Y

[ a

VSM) 28Aa9vinn1552yAInssuiifesinviade Aausasuingiudnnuseglsauvesngs

unseadumLlagnasdisUsealssnuueiuitngna Sufaaisenssuasdumanianiogny

Y

NITUIUNITAN
MIIAIRIAIRAT 28INlANOUTUNTZUIUNMITTYUY WagaunsaNe wiuAILdey
wWa1 (Muda) lode wazdslivseleydlunsdeasiugiineiteslaenss wagn1edoudnemey &
ILAUINNTYIRIAARIAT Toun
1 v nszuiunsilunsguaunsilamue uagdeshegwandesddlinssuiuns
G X = 1 I A
wiailidunszuiunsimishinislalasgngs

1o

< av oA { < v o 1 = a [
2 viangqnsyuiumandunssuiunisiliidaudusdnlusesilesliaunsovinbesda

v

3 aneqnsyuaumsiiunssurunsnlifinuaiiazauisoanianlaiud

9

I'ShiftyDay (8.5 hrs)
@5 hr {Lunch)
05 hrs | Breaks)

Productidn Control ‘ Manthly Ayziztle Time = 450 min/day

% gy
Vieskly ekl Customer
Orders Orders

Wepkly
ime = 34 day 10,080 pocsfmonth
T y =130 §-8)6.720
3 504 pos/fday
Production 4] 338 pes/day

Weekly U [ #a - i-5| 168 pes/day Daity [ ik
4 X Sﬂpe:nrlsnr 12 contsinersday W" H‘D'—T-F(_)
) 5]

@2-}-}:

Machine Hane Cin/Den by Inspect Package
T=44 52 CT =40 5ec CT=5s2c LT=30s2c 0 CT=10s52c
I
L/0 = 50 min {-4} 3360 C/0 =5 min 3500 G0 = 0.0 min 2000 C/C = 5 min 2000 C/0=5min
Lat=1.000pc 18 1680 Lot= 1,000 pc Lot=1.000 pc Lot=1,000 pc Lot= 1000 pc
Hvail = 27,600 Awail = 27 500 Awail = 27,500 Avail = 27500 Awail = 27,800
Up time = 87% Up time = 39% Up time = 30% Up time= = 39% Up time =39%
Sy 10 gy Tdx ady Ay Ay,
45sec Al se=c Ss=c 30 s=c 10sec I_

JUN 2.1 UHUNINENE51IAMATTUNTEUIUNTHER
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3.mMsvnlAniansluanaiag
AMFYNANSEUINNSIAANTS Mang19maniiasda Nsvinlraiensuanausavinaulaegi
sailadlaglifinnsngaaienisuanliinnaualaginiu nislvavesswdudiuusnuans

Uulsauuvdudaduindensnissdesinmsinnsanuwazusuuslniinisinanansanen

(%
v a A

mailinszuiumaiiamsivasgiserlosaunsaviladsil Ao

1. egiliatesdnsinnusmemasulafay (dle time)

2. mnn3esdnside (breakdown time) fosudlelsinduganinzundlsisiiian

3. mMa1geinwuaiesingidatiesiu (preventive maintenance : PM) iudsfidesld
nalitosiianuiaregluununssdefnumseuansdliaunsonuqunaild

4. agtadmznisnanlilinememenale

5. damdamAnveausiaznizuiumslitianuaunadu (ine balancing) Ssagyillai
msneswesiluuiagnszuiumaieiansrerinty

6. anmaiiunuitesonIsnan (waiting)

7. anealseau (line layout) Tiuanvay

4. mslignAntludResd@asdaeininnszuiuns (puld)

nslrignéidugfandnsaniainnszuiumsie ssvhnisudnislognAdanudesnisaud
funszndouaifiomotuliinaiigndwesnistaemnefistgninnglusasgnénneuendunis
wanMdlndAuAnyuzveINsHARAMES (made to orden) illdniswanilelfunagsanisune
(made to Stock) %Qﬂ’]imamLﬁE]LﬁULLa%E]misU’]ﬂaaLﬁuﬂlﬂuﬁmLﬂﬁﬂ‘UﬁﬂﬂﬁﬂﬁLﬁﬂ%’mv\li’]zﬂﬁi
59ABY (Waiting)

4

sruvfsandunsvinuiuudeundu (work backward) Tnan15uanufeen1sveIgNA

(customer requirements) snAMuAKKUNITIUllETINHAN UM AsAdLTloegNA1INT e
nsuandewinlegndesnisaieliildndnauununisdnvesindanien1snannunng
NYINTOUYOAUTY
Tunsldszuuislianysaliuulildsuignéneuenieifousnmieyanaditedudn
Mnuaziuisgninglufeyananiemisnuiindeddinmsativayuuiiumieyanaiildsy
HANTENUIINNTYINIUYBUT
5. msfdnegadsnaznisusulssegisdeiiles (perfection)

[ [ v

Welannuden1svegna Juazidntaludusings dnvidsvennawaylignen

Y

[ a 1%

Jugfanuuazimueianssulunisudn tuneusounfenisnerguiiunuaiivduduas
Usmsegesaiiiossautanisfumanugailatbinuiazidnedssaiiowmasnlugaffauuifia
483luN15911 PDCA (Plan Do Check Act) H1ute3%9ag A0 53988 ULaYINN15v3nA1NdaLUan

Tngndnanniseall
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nénmslunisidnaugyaniiodumeunansusingnidesnisuazdinssnaviony
Bonldd du Aevivgnsndedsazioieugaianiudsivinldnaildlunsdaunuiv
wagdnsimeliadeqanldlunsmdaaiuagdaisen

augapUan Ae mevhAansalusuuuusmsgmuilininensivliiasduingiv Gu
wsay e videdsdu wildvhliauduasusnstiaudiisduniolifinsudeuudasguse”

ansauenioilu 7 Usenis ?fqmmiﬁﬂuL’%ﬂﬂmmqmwdﬁw "yny (Muda)'

1. msiiveadeintuy (defect)

2. mswdnitunniulaglisndu (over production)

3. msdlaumpsrdsanniiud ity (unnecessary inventory) qzyJLUdﬂLﬁaqmﬂmﬂ%ﬁunu
TUrsunanfisifunionsyhanuaisnaiteadns WIP (work in process) Tnglaigndu safuaas
TgnannisanLuLiLIaIWweR (JIT)

4. msiinsguaunsildsnduiniy (unnecessary processing)

5. swedeulmvessrameiilddndy (unnecessary motion)

6. myvudafiligdu (unnecessary transportation)

7. AN599A8Y (waiting)
2.1.2 LUIAALAZNHEENAAN1ITNER (Line balancing)

nmsdnaunaaienisuanieduiniesdiedfnylunisusulsinszuaunmsudalagianie
sruunsHAnnuUAeides masdsmusdandasusiduialituszounsuaauuusoides T
sruuiidndnsinisuitRauteminnusnsaussiniubonasilinanaailédesndnd
Uszfiadls Faderadumsendnauiiinus audaung wiedssaunisaliidnetuiedonali
yheuldanusianaiu fedrandinuniafeanuddtuesdmaliandfnuninaiu
ddrauiludae deuisududonfunsdalidneuaunatudelfnamivinnudenan
susliiueatudnglifianangadwieduinffitosuinnistanadteninmsianis
wAsliauna (line balancing) MnuiafiduuldansnsodnaailvielfivngauBeiutuindy

ANISNUIN T INIHUNISHAALND LA LA NANAALNNTU

nUsrasAveInsdamsnanlviauna ieazsuudesiianunsasiulifianiidvinay
LAYIAULAIAIUIUIAIUTZUIUNITUDIANITYTII UM ﬁqﬁtﬁawmmuamL’qufgma'ﬂu
amemsudndainanmahadluidaranidfesnmanuiiuaznandlivintu vieusudnm
MsuaRl I zaNmaTINafinanadessaufnaonsuandsgaarilidndulunszuiums

NAMPY
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Uselegiveansdnnisuanlaunafe

(% '
Y I

1. MmsdansudnlviaugaazyinliaunsaannatgayUailaviatielvinsuaninandnunn

'
I A

dl oV w
Ngawiniagyile

2. N51UsULIaN (cycle time) Mldlun1sHandUAT 1 Mg JeaztrluAmuIuNananves

wiar TUNHAnLARINgNS
HAAKA = Lawanlunileiu / adfuRnisusdazann
3. ylinsuiuauaaiinsHandzauIulangns

UIUADITNSHER = ( BRIINISHANFDIU X NATINVDINIANULDY )

2.1.3 wsaslianlglunisnankuuauiinel

1% '
= =

1. 5 @ A AU HURIUNSQUaTAYINWNUJUANISYRINSNERLUUAY YINANEZe10
Fruaunsinns msldungdaaiiassunesituiinisinnu (work place) sautiulufl mswandls
windaanulusela nmsdanisesdns anwarvenn warnisaiuliiduuinsgiudisedidesedeu
wuukuAT L duresnsisunfuszneulde

a 1 azand usndawasiifesnisuwazlifenisesnainfuuasidndmwesitlidonisiy
enlUannaniuiitg

a 2 axnn Sndwesiidniumaduliedluanmlagldanldosadouasdivssavsnm

a3 dvonn dnaniuivinenvissandsantsn

a 4 guanunly AISIEAMYBIAZAN A¥AN AXD1N BUARDALIAN

a 5 ahuaiudnvaeidlgniliunadegluidoussngRogrsgndasnung sadeu
ngsLdeuitnafnldannisi 5 a iWumsisussndnimlunsyhauasviousenuiluiifve
M13anaIN T UTlanas angUifme aniaiAanTsunUasusun1sHaR (change over)
ﬁa]ﬂiﬁmLﬁ'm@whﬁuaqwﬁm'mLLazwﬁmmﬁﬁ’mé’;ﬂumiﬁwmmiﬁwmmﬂsﬁu

2. NNTAANANBINISNEBUI (set Up reduction) efinanednsdamiouanundoy
vounsedile gunsal lumsudnagldlunisanainisdaurauasesinslunsaliidoaudounisnan
Nnwannusmilslugdnnandnsivildildnadesdign

3. MIKENIAEBIANINTZIU (production to takt time) AN1sasvaNnanIsUlaY
N T28259UDINITN9U (cycle time) 1W1AY takt time 1n8n19ATUIY takt time WINAU
SEUYNANAYSIUNTEUINMT MIFENANARTaVIATIRsHER T3n13A UL takt time Aoswbziian
wilsflanu 1 Fuasiadaauysainmuiignéiseylasdunaainyiinueudesnisvesgniuas

navieuiiied (available time) takt time gnatvuadudwmazdmsuninsgiunisvinnusey

Y

a va

1a1v03g U URu(operator cycle time) L uianvisnuafisoanisdmsugujuaaunis
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Auviaudnse 1 Ju lnenilaseuvesujifnudsznauluse nsidu Andanuy nmsvanaiu
WAZN1IATIVADU 0ULIANVR LATBIINT ABLIANTenIeiunfvuidanisviinuveanieednsgn

'
a [

nAasarAAsaIdnIndunIogMiAunden1suf uRu takt time iudndiuvoaiainis

Y

LY

UuRnuwdaziukagaudaInsaunlusiaziuguiy fuUsUsenoaumMenufBInNIsues
anA1 wazkaiuiidley Weaiuden1svegnAuaziaIn1sinauilegidsuly takt time
aggnAulvi deaunsi 2.1

takt Time = Customer Demand Available Time (2.1)
YARIDYNNITAIUIU

takt Time lumswanvedlsanunilsszeziiatnisieu 1 ngwindu 480 Wil Liansin 60
winety Lannldlun1sndn Ao 480-60 = 420 uril laefiAl1ufABIN15v0IgNAIAD 380 Ju

anu15aAulaeal
takt time = 420/ 380 = 1.10 W% = 1.10 W9 = 66 U7

takt time UANAMAY cycle time Ag takt time ¥U1BHIOATIAINABINIT VBIQNAALE
AASTILELDLILLAAIINABINITVRIGNANUTUNT0aAAS Cycle time (58ULIR1) MNEde Lanly

Tun1snann3oUse N UITUNTNTOUAILUIUATT

4. $1UNINTFIU (standardize work) UszanSHamAnvuuInfgalunis9nausiuiuves
LSIUAY T80 LaslAIBIANT HUADN1SATNIINGIUYBINTTRILNTIEI Inen15as19nTeuIunTs

¥
o w 4 Y I

g lEinemve suraua A N1 InTE DU VMNLTBIMTUF TR 1l Fnana
fosnslusiaisuar Sulseiluannaiigassleniflifuannumasgiu Ae asefslssa
fanuillusslonitosian Sruunanudosnisuesulunssuiunsiivesfiaaldd lananihid
NaNIENUABUTINAINUSENINHARAIINT ORI uALFR IN Sy R M NI U Fan15HBAN
Foensfinarnvatele MsdnnIseenisuandiy (visual managerent) 2osa1uiifdsinmin
waztinAUEAUNALA

5. LUUKAAIIS U TR (method sheets) tAnsAMASURTRNUTLIUINATs YBITY
fusafamsssueisnshauiigniesfiomuaunsuidinuligniesediae

6. NFUNIIHER (flow cells) dmTUNTEUIUNINENAD N13INNTLaVDITARUATAIAUTDS
mswanliiaenadesiuseunanssaniagaziinu 1a3esdng wazgunsal Wunguuesdteaen
Dunilswadlaslundazivadezmnundnvaznisianuliaugatusounainisuanly
nszuIUNIsIiUSNIsAAenIsasIudunanIsiAuvesgnAtuazaidunisiuusnisivaunadiu
i Afliinng uazneRfuseuan

7. AMsmuaNAIgaen’ (visual control) lunayualungeiresnisndawuudwdunis

| Y a v A | a va ya o @ ¢ A Y] a d' ! Y] oA
lql\‘iLuu%ai']ﬂaﬂ']u‘Vlﬂﬁ‘UWQWUIW@JamaﬂHﬂJLﬂi@ﬁwﬂqﬂﬁwmqmaﬁqﬂﬂ NELANFINAULNIN
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nszvIumMswansauanddlutiaandug Einadamdafatuamnsadlaldlunssuiuns
waziindddadudsigniesvieddaliaisegluanuiiuftfinisediatu wuudiasseslsanuy
(visual factory) Qﬂa%fwﬁuﬁwms%’mw (display) LLaSﬂ’liﬂ’]‘U@Nﬁa’m’]imﬁulﬁﬁ’sEJGH%QR]%SUI’JEJ
fufiufans sl ssansamassmuiioonuuuan mslideyasimiusogunsaiiaiion (visual
tool) aztreduiuailisuiuarUaenssanniseeniuuuasiiluldnuedesfomaiiazan
augeenliunfin foReuluiuiufofaunaenaunu 5 a wazfanssunisiamuidiudy 9
visual display Aonsuansauduiusvesdouatnans wasteyavesndnaulufiufidus
wugiinansramlsvesuddvlunsdazifion vienmnsmiauandidiuriaiuiueuresnuniw
fuanseendiandnuosnguiinsazd fURmuuszansaimueanisoenuuunszuaumMadunaun
MnMsUszgndlives snanuuUaLlasnsRauyRs L nsruanmssuiudeluamuiinis
auyAgugniedl st visual control wag display fiastdendaiauntnauazaunsonsiuld
ﬁumuﬂicﬁﬁﬁaﬂiiﬂmﬁmﬁwﬁqmLﬁulﬂmﬂmﬁéi’jqamﬁgm dyyrautdes (audio signal) Tu
Tssnududruddgusadudygraiiansdsseonuidegunsallag lismsaujuaauld
Fesazdsdrynnaifiouneuioziinislininiesdnniedideyaiifiusslou

8. nslviafiazdu (one piece flow) fla MsraRATIvFRULAZd WeuTiaztulneTindnns
fifmun cycle time Tnsafuaauiuaufesnisaud1eanain n1suinsiuiu fe
SzeEaMTUSNsWNgnAMUiUUTINaYesgnen

9. NIHANUUUNANTU (mixed model production) Aan suantuunalgluwmaly
memsndnieiulagysudadunsnanduiliviiuaudeanisresgniifidainunanady
Usudsufulunaendemsnin

10. pasmIgunIenldern s 9auURU (point of used storage) N1TIALATYNUAE
Uimsiuitlfaunsnthnldeuldednasain annisindeniinieudne faguenanigmane
sudsmsdaiugunselluiuiifiasaindenisldvuse

11. Al (kanban) 138 pull scheduling tun1undjvu nurefsdygyn (signal) Liu
Mﬁﬂum%qﬁaﬁugmﬁuaﬁzuuﬁunmwaﬁ Wudgaansidtiudmiunsuaniayianiagly
asmLﬂué’wé’uLLaziviasuaﬁmqaumaamﬁ”’amzmum5asmﬁﬂiz?1m%mw sruuAntadungyuaves
adSIvessruunIsHanwuUay n1slEdynhey famsavesdiiuldienndunsiany
Aosnsuazanuneundwegnditussuuds Audsinegludnvazueatns (card) gnuea sadu
vido fnoumuLLes (container) uidlngjogludnwauzvestnsiifineazBuadoyaduny 1wy
FovestuduneasBenosuednume Usina Wudu dudiaunsaldlévdunisinavesian

Teyatulseu vie M3lnavedlasinis (project flow) ludtinmuwaznisivavesingiusening

Y

a [ Y @

JodedunuazgnAfiegnvesiudeddldegluatenisundn dwuanssitegrsvesdutauuinglu

EY

U 2.2

=)l
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SUN 2.2 AegaAudawuung

Y

http://www.leantoolset.com/wp-content/uploads/2013/12/kanban_card.png

Useleduaztafvasfudsfia anduminsadeauisangInsainisinavesianlaasng
msananlfegnsieadsssuuiisineaien (visual pull system) Fisuminswas

12. n1sHnausuNEnIudIuans L (cross trained work force) N1sRnausuntinauly
dulflddmiiawngsnulfamnsatagiauldvais egie ilefiuanudangulunis
UFtRnuamsnfiarsesiurinudesnisvegniiliedeviuviasiianansofiazdaeluvhauludoy
w9 Moluvane  Aanssu

13. im3osiladosiuminuiinnain (mistaking proofing) %38 Poka Yoke 1uin3esile

1%
= Aa

2ENUUALIIANGN TITUAIUTLALMIBAINNTHARLASNITAR UM UNTEUIUMT Poka Yoke
Mandalsalaenisnidnauianaia La3esiianiluzes Poka Yoke Liumniin3oauuIngm1g 4

\AsadfoulaziABIRsIIMAwRnUnfLarlunsIvdeus19nIg

v o

14. n13AIUANFILEIlnegnlulf (autonomation) nuedienisinninalnniedisu

oA

Ty auiliasesdnsiionsivdeun TunUNndaiitounnsoamieinunfegviselidiasedng

Y

0o w A

pyanUIATesinsazngaihalagviuigpddfomsUfiRnuvedsdesinsiedasslidedinu
1PRBAIUANAUSTANAdAueasasiieAs liudeslvilueaderiudnlugnszuunisle

15. MsngAanensuan (line stop) Ao wiinauansaiiazngaaisnsuanlsiilense
wufiAfnunfiatufunszuauns

16. N15ATIEOUAAULDN (self check inspection) ADNITMTINADUAIULTYUFOU VDS

(%
a 1% Y v !

Fusumgininuesnouvzdwunuligiunsudaludeyaiilaannstuiinuaazgniiun
AnTgiierivaunszuunsuantesiuldlviifianisnanvedsdunidnvesdeonaniudng

AsEUINNsalaeauliAslareIndnay
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17. mMansaadeuetereiiies (successive check inspection) MinsaaaauFuslasdi
luilFoglunszuiunisuannoufingunszuiunmstuneuialuuagyiiniseaniswan Woudla
yieUsuussanmnisnanlnesludfifieldfudeyaruinunilufunounsudnnsnsaasui
sademinaulunssuiunisuandalufesiintidinsaseuiununeuasdunsndnludunoy
sl

18. n15USUL38UN1TMEAR (smoothed production scheduling) A N159AA1519N15
UitRenlAldUSnansfiainatenumudons wiemudiinamesgnlunsdivesnisuins
fidunisdansanmstdamng uazmsnvesgninfifleannsofiersesiugnénliiamunsuly
fansiudeyanazlddeyalusfinluniswennsalmmsiosnisvosgniilefiazananuuususiu
Tunsguums

19. nqun1sundayun (team based problem solving) fonisuilodgymiilintuly
nszuruMslasfinsussyuiinanuiifgvesitevmsudledgmmniuvte ulszdmunsen
adlaglivnauiidrusulumsudlatgrndud ey

20, n15UFUYT988198 871368189 (continuous improvement) 139 Kaizen 14
awgutlainnistiuussdadusnfeiinnlflumsuimsdanisldedsiiuseansam lng
safuiinasiidiusmvesmtinanuynausaiusastumdminiieUsusisansinuuas

1 LY

anmuwandeunishauliitusgiane fladdyAenismsiaguesieidesuduag s
odwiaifloslilifdugaaimdfglunssuiunisuesdiisdantsldniiud auannsaves
ywifnauanAsufuUanu eenslidenisasuantesdainliiAnnsufulsaiiaztessas
WiamueehaseldownssdufuuuAnuinngsa (nnovation) FadumsiuasuuUawunlvgdes
THalulaBudoutugafotuanunmaa fdubiinzegluameanaswsiauulnus Ay
Haileusuusild

21. MU IMIRawuUNALTAIUIIU (total productive maintenance: TPM) fia
spuUnsUIgsinwfasyiliiadesdng aunsaiiinussAnsnngsan (overall efficiency) Ine
wifnuynauiiiudldiedesins edesils wisgunsaitduqdrninlumsquasnuiliegluanm

=

Fneulisuegianesenueadumnsaasuinissinsiduuszdmniu miguasnuinueie
nsldsuegaiianeasueyivanueignsldnuviunsvasunasdunndsinuniiiin
Juiugunsaidmanegeanves TPM Ao gunsaiiiesile demeifuaud (zero break down)
AnuRamaniinaniesesiieiluguezero defect) atfAmaiiAnanmsldauiaiesing i3es
flovl ueud (zero accident) a3AUsznau 8 Usens ves TPM Usenausie

1. M3UFuUssanzizen (individual improvement) Aelie At fiAgadoslnonss
soisesiloidugFuinvounaziiedu ¢ Wuaiayuavalufufanssuthasnusonuedas

Junsusulssiigunsalfunuuneunniudesvenensusuliluguniasdy o
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2. MU ¥IAIEAULAY (autonomous maintenance) e dluuiAniluiilasazidnla
wsesiiolusnnnigliiesldamazannsadunsdflinundldfnitaudu o

3. 31393 IALUAY (planed maintenance) AonsiiEeteaigasiiuAanssuny
szozavesnslinulngliiaenndesivianssudiduiueglailudarnsnuund

5. mywaminwesUFtRnuLasmsthssnwusingldieesdieindesinsevazidila
insesiiieslausiiniesiiefioonuuuiamzaionsldanussgfuluglfiedossndudeafiuvinue

ad Y

nsufURnuLazmsUseinweggnIsmeTdluiwiiduneidemnaundagnsauasniagey

% (%
Y Y

6. N13AN1909N15U1595NYIRATUABUNITOBNUWUY (initial phase maintenance)
mnedsdaudiFuiazanendofasiuasnsruinnasesdidnsldnuedosinsdefiodums
duaiunszuiunsliiussavEamanniu

7. m3tgednutitenanin (quality maintenance) msidenlesmuduiusuazianssu
msmuRuaTaselthefulnenisianiusenieAanssulssfuaun MaNaN vz A UALAIN
vosuuarnsitiniesonadouleidimunld

8. Aanssu TPM Tudiinau wiheaudshiliferteslnonsdunszuiunisigu dae
U3ns dheddenayiau dodeyd fadudiuatuayunszuaunsimdulliedns s1u3u 5
peAUsENaUluIY TPM A N1TUITITN¥IAIUAULEY NI1TANYILAERNOUTUAITIATLUUNIS
LBUMINBIY LaEn1TInTy UUUsuillunaBefesranueduild inenudnsaiiefnauaana
AUntkaznansUH TR

9. szuuTaeunTy puUaensdty wazdwndeu (safety, hygiene and environment) 3
Juleulvvesmsdiiunszvunslutegtu dermnaass fusefUf TRmuiingtedasnss
wazfjauiiondoeglururutiug lnesyAndeinisufdiaulag deuslgifmmintuldianouasd
NansEnusedalanden 1y mmedesdnshiauisovhanilfedudulszansamloniaiioziia
vondedouigsasininghuiised fluvsiuiimntuninensdengnldldinniumuiy gifme
Mnanlindourenniosinvisgunsallaq deudlonauntumufutunounisuimsania
Uaandelufianssy TPM Uszneumemnulaeadelunistigssnuimenuiesninudasnsielunis
Un3esnwmuuny wazauasnsielunsdesns Ungsshw

22. N1590NLUUNITNARBY (design of experiment: DOE) vJunisldiadesfionisadfly
mseenuuuMIMaassiievndadeiinansenulunisie

23. N131ATIRTINANNA (root cause analysis) lumadalunsuddguidesdu fe
nsfounduiulumisanvnuesilymlnenenenuanzAndsanvnuasioym wu 5 Whys

24. N1IAIVANNTZUIUNITNIIETR (statistical process control) LT wn15AIUAY
nszuaumslasmsmAtadsvesiuUslunszuumMsimunaUALAT iR ULAYE IR TIIEDY

muUsikagmuANnszUIuNsivegluveulniiauay
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25. n1sUngesnenBetioadtu (preventive maintenance) Wunagnsnisgeutiyslaeil
wurAnlunisguadnuineuiiaiesdnsazidennslagnisguasnuiuaznsadouindesiouas
%uﬁauﬁms]asmaﬁ'uauamzuL’Jmﬁﬁmum Aeufiadesiiawrdesinsazdeme

26. mytgssnelaenisnennsal (predictive maintenance) Wunagnsnisgenigean
mafiufoganisldnuuazanudsnennageuginineslstutiudniansniiaziniy
delsudrdifiunsudludeuiivnindaym

26. N3t15e3nwIeginTefie (reliability centered maintenance) Lunagnénisdou
15984/ 84501397 failure modes and effects analysis 8819agIB8nd M TUIAT 09T 0]
anud A lunssulseiunagldiinanandeme

2.1.4 waitldannsiiszuunisnanuuuau

#dnsigaflasmsufoatuiudrinissuunsuaauuuiursyilinAndanaday
e

1. Fumnsndsanadlusziuiidinsmevaustrenmdontsuesgnalsogdadunisanas
Fisludruresingiu (raw materia) $1usen319i7 (work in process) dvazanadldszning 30-
90% uagdumdnsazuiinaniaiauda (finished goods) Faavanasle 50-90% aziiuleinnisi
Audasndsanasinasafumuiionas Tavazfianzdunuisiduisluudue sl auaslunai
RYFRPH

2. nARAMRNTY 5-50% Beagyilidurudemiieanas

3. nalun1snananas (lead time) 80-90% ¥alsianunsausuidasunisuanuay
MaVALDINNLFEINTUBIANAN IAATY

4 .31M1ITeARAT 20-60% MK (supplier) IszUUNTHEALUUAUNIY
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dnduaadenansnisiadoulnuduileiduresiaudsufsaviduie g azaimise
wdasle
T/ =T/ (q) (2.1)
wrEndleniusiuUasiitnvesgnainnseu I wlewsy J W@euwmilas T > j)
wanafaiuvisnagiianisvesiiinaudulats anudiduaudosviomsugulag
VNROTANUTR d WazYINBNINLY 3x3 RY MuddU anansamvuauvsngianius
T =[] (2.2)

PntuALrLsLarfirn1sveswosivinaudiulaty Tunseuresnuilesazlaaunis

T,f(ql, G2y e s Q) = T1O(Q1)T20(Q2) e T,{“l(qn) (2.3)

nmswlateniug T agldsuuuy

=1 _ [RF1ai™t
XS [T G (2.0)
azle
i pi-1_ [REhaE
= IRCITRE & I (2.5)

dmsuam3nd R! wansnisaeuuivesnsy i Waisudumsy j (@ > j) waglasuan
drumayuresuvsng T, (@ > j) agla
J_ pJ i-1

nAwes R (i > j) awihliiianisielagauns

R\ 47 jogJ-1
d)=al +R . d (2.7)

(3

lunsldismsnasldiiernisimuanisundaymlunisnesimuasuluvesiueud

s

A Denavit-Hartenberg %38 DH Convention 9ztdunisnianuduiusuosnisudasieniug
Ti~1 \Hunsuanstonsdeuudasiugiuied
T/~ = Rot(x, «;_;)Trans(x,a;_1)Rot(z, 8;)Trans(z,d;) (2.8)
dlo watl Rot(x, o<;_y) Igdmsunsvyuiny £; log o —1,
Trans(x, a;_,) \Wunsulasunu £; Inensldseeening a;_,

Rot(z, 6;) \Wumsmyudwsuunu Z; lnemsldszozing d;

10 0 011 0 0 a;_4][ce —s¢ O OJ[1 O 0 O
i1 = 0 ¢y —Sxi, Off0 2 0 0 |lsy ¢ 0 0[O0 1 0 0O 2.9)
t 0 sS¢_, C«, Offo 01 0f]l0 0o 1 offo 0 1 g :

0 0 o Yo oo 1llo o o 1llo o 0o 1
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Co; —S, 0 aj-1
Tii—l — |56y €0;Ca;y TSy ~Sa;_, 4 (2.10)
S6;5aiy €05y Coyy Cay_, i
0 0 0 1

WodWIN 4 A1 6;, a;, d;, ; Wududsvesiusie | uasdese i JUN 2.4 wansliiiufienis
Weonnenuvownsy laavwsy {i} azrenunume i

Axisi - 1

Linki -1

Frfaudsene Tuaumsi (2.10) asnsauanslasi

a; WusSzovmuuWILAY 2, 89 214, Tanuan X;;

a; WUNTENING Z; B9 214 Tomuen X;;

d; Wusrevsening £y 89 &; Tamnuan Z;

0; \Dusverseiing £;_, 09 &; Tannuan Z;

lunsdlvestorontumi 6; Beninesmnsdsuulasestosouazafinsiianita 3 fn
yeafusoyuoud dmuvugud PUMA 560 amafifidedidlunisidmundasiivesaatimans

fanusndunazdodldmun 18 Ananslunisan (2.1)
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i ai_q1 a_q d; 0;
1 0 0 0 0,
2 -90 0 d, 0,
3 0 a, d; 05
4 90 as dy 0,
5 -90 0 0 0s
6 90 0 0 O¢

M9197 2.1 11519 DH dwisu PUMA 560

MSIEAIRINAI519 2.1 VOINISIHRBINTURD L{JUﬂ’]iLLUﬁﬂﬂ’]iL%BMISQLLGiﬁBi'WEJﬂ’]iGUEN

a & i—1 ° & 9 ! vy ] o oA
LNINGY Tl' LW@iﬂUﬂqiﬂ’]UQU C\]']ﬂﬂﬂﬂ’ﬁLLﬂaﬂﬂqu@@ﬁqﬂquﬂW@ﬂUIW I@ﬂﬂqﬁﬂmiﬁuﬂULW@

v ¢

fumnsulasasudenidguiusiumsy 6 89 s 0
TOSR] BT e )L (2.11)

mMswasuudasiinnualavanns (2.11) duilsiduresdiutssiu 6 d ndues
Auistaravasueus, duriansideulagaunialagiuvesiiudeasyinnisauiulagly
aunis (2.11)

2.2.2 aUANARINNNL

msudladymsadeaninniuaznseiuiuiuraumanstromasinldnewelui e
Iesuswmiaazmsnsuudidesmsdnsuiinugainevesiusud fMvuayvewusNd
fmun fuvtduasfirnsidens

@

aunsdmsunisuisamansuniuresusus Junuulildady azldadavainnis

wlasunsng azlamn 0,605,605 ... ... 6,, Nasanaun1sdmiu T aglamvsng
_Cgl _591 0 0 [ ng —ng 0 0
S C 0 0 0 0 1 d
TO = 01 01 Tl — 2
! O 0 0 0 27 |=Ss, —Co, 0 0
L 0 0 0 1 L 0 0 0 1
Co, —So, 0 ay Co, —Se, 0 ag
S C 0 O 0 0 -1 —d
Tz — 93 93 T3 — 4
1o 0o 1 d * 7 Se, Co, O 0
L 0 0 0 1 L 0 0 0 1
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Co, —So, 0 O Co, —So, 0 O
s_| 0o 0o 10 s_|0 0 -1 0
T=1ls, —co. 0 0 =15 G 0 0 (2.12)
0 0 o0 1 o 0 o0 1

wagdmsunsulasunindanvinedmiuriuegud PUMAS60 avlaaunis (2.13)

1 Tz Tz dy

7o = |1 T2 Te3 dy (2.13)
T31 Tz Tz dy
o 0 o0 1

dmiurueud PUMA 560 agvilinisunaunisuanslalae Tmsndnisudasdmsu T2
dmsunismAlvestesienavntess lasld yu 0; 83 06 d1915U PUMA 560 W3l 6 Tesaasla
qUng

711 = (€1C23C4 — 8154)C5Cq — C1S2355C6 — €1C235456 — S1C4S¢
712 = —(C1C23Cs — $154)C5S6 + €152355C6 — €1€2354C6 — S1C4Ce
T13 = (€1€23€4 — $154)Cs + €1523C5

121 = (S1C23C4 + C154)C5C = €152355C5 — S1C23545¢ — C1CaSq
T2 = —(81C23C4 + €154)C5C + €152355C6 — 51C2354C6 — C1C4Ce
123 = (51C23C4 + €154)S5 + $1523Cs

T31 = —823C€4C5C6 — C23S5C5 + $235456
T32 = S23C4C5S86 + C2355C6 + 52354C¢
T33 = —S23C455 + €33Cs

dy = c1(C23a3 + Sp3dy + c2a;) — S1d33
dy = 51(€23a3 + Sp3dy + €2a;) + ¢1dy3

d, = —S,3a3 + Cy3d4 — S,a, (2.14)
Tnoflazdl 12 aunisuay 6 fuvUs ogalsfauluussn 9 aunsiAnandrunisvu
Yosunsngnsulas T azdl 3 dumsiidudassifiuseaunisisauanausiumaues TY ay
wasld 6 aunslaedld 6 Mudsaunismardagllfuanniadadu yusudggniiarsuniy

A11190919U L NEANNTO MU UARILUTTIUNINUATLN LT DI UAIMAUILAEAAN A AUA LS
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ReulvnuiUgymuuulnpeimudessaiuyainseiuiniunaunuaiudugaiinetude 4

5, Wag 6 Y83 PUMA 560 ileauunugavnesaiuauiiidavesnusamsuazegnynsniul aail
Tosuluitngrudu
Piore = T1'T2 T3 Piore (2.15)

T¥modulNng vosaunisn 2.10 @ wsu i = 4

as
Prore = TP T5 T3 dyc s ; (2.16)
1
139
f1(63)
63)
Prore = TPT, 12(63 (2.17)
f3(63)
1
e
d4S 0(3
Taums (2.10) dwu T32 Tuaunas (2.18) zuanslaniaelUldwsu f;
fl = aszCs3 M d4_S 0(3 S3 + a,
for= 305 S5 — d,S X3 € X5 €3 —dyS €, ¢ Xz3—d3s Xy
fa = a35 Ky S5 — dyS X3 S Xy €3 +duC Xy € X3+ d3s Xy (2.19)
deldaunts (2.10) dwsu T wag T2 luauns (2.17) wlé
€191 — $192
S +c
Plore = 191 192 (2.20)
93
1
1o
G1=Cfi—S:HL+a
g2 =520 Xy f1 + ¢ X fo =5 & fz —dys
g3 == st 0(1 fl + Czs Ocl fz +c Ocl f3 + dzC Ocl (221)
ARULLI U UTNIUANTUVU S0V Popc %ﬂ@lé’mﬂ dun1s (2.20) azlel
r = gi+gi+g3 (2.22)

aoldauns (2.21) dmsu g; 151agld

r = PR ai+ds + 2dyfs + 2a:(c2fy — S2f2) (2.23)
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dy IS d” 1% U (3
ADULLI VY UANNITUNTDUNUAUNTDIAUTENBU Z 931N@UNTT (2.20) Tuszuvansauns

Tugduuy

r = (k1C1 + k252)2a1 + k3

zZ = (k1$1 - k2C2)5a1 + k4 (224)
L

ki =fi

ky=—f,

ks =fE+ 7+ ff+af +dj+2dyf5

k4_ = f3ca1 + dzcal (225)

dmsuaunis (2.24) Mzdedldan 6, avgnidauazmsldan 6, agldsuuuununsgu
4

dmsunsdives PUMA 560 asanisildidennisnilinas D-H 1utuisn a, Wuaud (g

AN59 (2.1 ) AIUUNEINNYINANTAUAT

6
u =tan-
2
1-u?
cosf = v
1+u
; 2u
ROR/ <5 (2.26)

Tnef r = ks Lﬁammmiﬂ'w r frennuesiiondn ks awduileiduves 6, ity wenil
azifuaunisings 2 lunsal u dmsunisundam 0,

dlafasuiaun1svia 6 azaiunsauilagaunis (2.24) dmsu 6, wazaunis (2.20)
dnsu 0,

P v ' v ° ! A X = i
LW@I‘VimimngﬂLLﬂu%GlENVHmi‘W]m 94, 95, ey 96 LHBLLAURLARTUR R ‘Lllqllllﬂj@llma

WA lEINaR N5 UITBINUADAFALVINUY L5110130FUIULARNINAIUNITNY LR B UVDS

(%
(Y

Wvnefiseywingu RO nsaziyw 6;, 0,, Wag 0; 159198@11130AUAMIAT R N152194U7
yasiusemsy 3 Aduiusiunseugiu
MI9uITiReINTSY03 6 uandnsnnsMLnilnslanznsnssheoroauads
d1gn osnndapgnszylyt RS isnanansadiuanild
R = (R3)™'Re (2.27)
dmsuiidanms aunsausuanuyugavneansownlalalagld Z — Y — Z 3udtaym

yuepgaesnmuualulagn1sisusuansuimdouduvearsy A dumsy B vyuduwisuwsn
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g Z neyy o Wevyuluwinu ¥ leeyy g wagyinisvyuliwingu Z lneyy y wnsndnis

yuviniuaglisu:
CaCsCyp—SaS, —CaCsSy —SaCy CaSs
R =[SaCsCy—CaSy —S4CsS, — CuCy  SaSg (2.28)
ey —SgCy CpSy Cp
Bmsunlgmdmsunswenyuesatass Z — ¥ — Z 91nwn3ndnisvyuuanilisnuans

gl

. "1 T2 T3
Ri . =|T21 T2z T3 (2.29)
ZYXBY) |13y T3y T3

o1 sinf # 0, 1l

p = Atan2(y/ 7"321 v3 7"322; T33)

= Atan2 (-2,
Sp

Sg
R AtanZ(?—;,?—;) (2.30)
i B = 0.0 Wensmuadndazauisasunalalag
B =00
a=0.0
y = Atan2(—ry,,111) (2.31)

01 B = 180.0° e smmadnsazanisanuaulalng

B = 180.0°
a=20.0
y = Atan2(ry5, —71y1) (2.32)

aun1s (2.29)(2.30) (2.31) wae(2.32) Aldiu R2 dwfuddanmssiuauann mdeuwnud
fafu 4, 5 uaz 6) yuuAlvatudogavineanunsoudlaldfmeyavesuessiansifvunetis
wianzay esnilfererasdaiauedmivdadeaudeanineduuiommasiaudludmiui
Fansavduaeainvessiuufinudmviuderoaudowsn szuandlunisned 3.1 Jsdenndeaiu
2 fwes B @ldainaunis 2.24 Tagldnisunurivesaunis 2.26 ) aglde 2 Awes 6, aunas
dmdumsmmdtdesdnafeluntends Wnszurumsuuuiiionsmeniiaonndesiudniy
61,0, 0s Laz O, ﬁﬂﬁ?mswsﬁ'i'%uﬁlmﬁmwwﬁauﬁuﬁ@mﬁm%’uﬂﬂiLLﬁﬂmwwmaﬂ%’ada GRUERY
0,0y, .....04
dnavidmiugnswiiRedesdmiu PUMA 560 1#sd:
0, = Atan2(Y,,X,) — Atan2(g,, g1)
6, = Atan2(—ky, k,) + Atan2 (VK + K — Z2,Z, )
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6; = Atan2(d,, a3) * Atan2 (/af + df — KC?, Z, )

0, = Atan2[=2-,7_1s |

5 sinfg
05 = Atan2[\1f + 15, — 23]
0, = Atan2[—2%, 2] (2.33)

sin @z ' sin s

[

TnediX,, Y, 4o Z, Lﬁuﬂﬂmﬁ%mﬂwaqﬂmawa‘i'}meiqqmﬁwﬁaamé’mﬁ’maé’mﬂﬁ 4
VOUUNING Tyegireq WAE "KC" QnAmIUalag
KC = (r —2d,d; —d5 — a3 —d35 —d% —a3)/2a, (2.34)
drulsEnau r; @4onRRediU R.H.S Y0eaunT (2.27)
0165 = 0.0 azle B = 0.0, 6, = 0.0, uay B, = Atan 2[—ry,,714]
060 =m lo 65 =m, 0, = 0.0 Uaz O = Atan 2[—1y,, —7134]
2.2.3 dUN15998LADS - AINTBIR

N13NIAUNIINITIAFBUNVB VLN UBUA AIUNT0NTRINANNITO08LABS - AINTBID

I~ = o !

defie hrunauntsmdriluaniumsaiianizsdesaiainsesdveszu gaslauidinain
sosdlduisnisldndsnunadalasldnanueativasndsudndvesszuy

fapetladeiifoatostumaasuulasmenjusudiisndeansiieviAiney Jadousn
Fosdunusadasiy 145033 0 Buasd nistuungesiausslesidmiumsaauauviusud
Jayniiaesiomsiuauiinalnaziadeulmedidlsnelinsuszgndlddedoussin duiean
nnweiussla T Auruntsindeuflvasmadniiueud 0 6 wae § Asdivselovidniunis
T1R0WULUA

15ALINGHTAINTOIT VDMLY B UAITNFUMIEUSUALNNTVOINEI LAYV I UEUA
WAMUIAUYD ith Muse 4 aunsaunanaiy

Ky = =mV IV, + = o] (1) i, (2.35)

Tngfaunisyausnuanindsuaatiiamisowadls wazaunmsyaiidendanuaaives
Mgy V,; Aeannuiiindaduresgngudnatsveinisienlesio o; A5 1TeNY93n1g
Bouloawas I; Wummidos wdsnuaatsuvesfusudfonasuveamdanuaavesuiaz i
AoLYY

K=Y, K (2.36)
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Faudv,; uaz w; luaunis (2.35) Wuilsiduves 0 way 6 1s1azfiudanisiadeulm
wiuvsusuRaunsaesusldmegasanafiluilaiduredonaduniinazainugs,
K(6,6) Tum'mL*ﬁlm%qwé’wmaaﬂﬁuawjuauﬁﬁ?ﬂé’u’mﬂ

K(6,6) = 26"M(9), (2.37)

Tnedi M(6) Ao nx n WNINFUIAUNINTAUNIATUALUINLUUOUNITHANIDBN VDY
sUsUUYesaNNTT (2.37) uiidinfuludesudimdsuiniaestudausidiovsnsoonaunsiisty
sxUsznaumefissiifinnslden 6, Aeaunisidaaes auns (2.37) awnsauanslifundnei
MsuadNSTIUSNRd M UNE 1 uaaY

K= -mV? (2.38)

YDINIAYANGINUANSVRINUGD ith, Uyatunsanandls

U= -mgTP, (2.39)
Julpedt g Fevnmesusdliiudae 3x1, Py LflunﬂLma%ﬁmﬁ;mquéﬂmwaﬂmaéumﬁm
sia ith Wasnufndnamaiinandlunsulasmaenasinvesinenmndsnuluusas fusewy
U=3%i1 U (2.40)
flesann Pg; luaunis a.5) Wuiladdu 6 13798AUIINANIUANS VB UBUAAINIT
aruelemegnsana1slugusintuvesiiuntene, U (6)
granaransvesainsesiifuismslunmsmaunisiedeuiionilaiduainarsizenn
a1nsesd augnimualiidunuunndsseninmdsoaaduagndanudndvosszuunalaludy
NTIYDILT
A1NTBITVBWULUARD
L(6,6) = K(6,0) - U(6) (2.41)

2.2.4 dun15n15Aaaud

auNINSAREUTIv M uE AT VIUALAY
d oL JdL
ia_x_, (2.42)

lngd T Aoninmes n X 1 vedusslnuanyiowmes

Tunsalvesiusuiaunisilaznaaidu

doK 0K , AU _

ato0 o6 a8 T (2.43)

£
IS

TAs9as19NveNevIA AN NdanARaInUaNNTS (4.9) TRl
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Weovihn1siansaunatlsnuesaunsisazla
L .

bbeYe

d aL o oM
e LOU %) 3 Mij (0)8; = X My; ()8 + 515552 (66 (2.5)
o
oM;; ou
FY _21] —0 ] - E (2.46)
Frfuauniseesiaes - mmwﬁmmmmaulm
OM, i 10M; . ou
X Mi; (0)8; + Byt = 3553610 +55- = T (2.47)
=N VAN

Tuaunstnedu (2.47) Sfeulvanuusuan adusnfifntostveniussusuansosian
filu Usznsfiaesfodeuluidsaasluayiussuduusnues 6 Tsduussdnsenaiuagiv 0
Heonuadagifininud weniduassdszan lunsaliiieesiurinves 62 Buniusunies
Tuvauegiifnnsifeitesiu 6,0; sSunindouly noseedd lunsditawfidaruduniug 0 winfy
usilsildousitug gnednau ndnearnmnuupnd e mdtufierninty Ssannsouandy
aunis (2.47)
M(®)6+V(6,0)+GO) =1 (2.48)
ussiirmuatuludiuvosiaudas F anwnsailudszondlilunsdiitedenes
wuulagldnanuduniug
7 =JT(O)F (2.49)
Tnefiaunisaladew | J (6) Weuliluwsuientu F lnsunfasdumisueiodie (T)
ladsudusuuuvanvangifveseouius tuanusiugud ailadoufenaudsuutas

WDUAUNLUTEURUET TIFURUSHIUAINNLEIVRIT08ABANNLEIVRIANS TR suNUa18 LY UY B

Yugud ULUUYRaNnIINAdina1ansvevaumanstim aun1smnuailaiduseniing

a

Fovinvesiuntsanifilousasianuasiufivessunsuiu aruduiusvasniuniiag
gniwualasvilaiouresiteiduil Tnefinladouasfuilsiduilinadnsuazannsafunils
X=](6)6 (2.50)

Taedl 6 Aonnmesvesyusanvesiusud uas X unninefvondunsiazaiiuia

Fayuvesiavihnudmlatedmiunsinuadile 9 vesiusuddnsdeneduiiusiuaiuy

vasuaeluluudunse Iduiesnuduiusiudg
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d1m3u PUMA 560 uvisndves 9laideu Ao 6x6, 6 e 6x1 uaz X fie 6x1. lun3d 6x1
TanmesanusiAsideudunnnosanusidadu 3x1 wazA1uL5INIIRYULUY 3x1
nnneigauiy
; %4
x=] (251)
w
fifvealadeugnimualiigutiuduuuavitiuinuuesmdassTununasngeun
A8IN15HITUT TuueesudluladsuminAuIIUINYDITDADVBI UL UA N1THIITUINTT
WagulUawajugudmen1siasanfiwlsaiidey lagn1sivuagnsvesaunisiauniing

a v Y] ] & v o ] aa & A sa = = s
LAYIUBIAUNTITLINAIMULITIVUBY W'JV]’N']‘U?{’JU’Uaqﬂﬂﬂwaiuwu‘mﬂﬁliwL%Su‘ﬂ%LLﬁ@ﬁﬂ\‘]LLiﬂaﬂaﬁﬂqsw

Feu wazgaeariuanatssavhaudmlans suuuuinluvesnmsili@euaunsazlasudu

F = My(6)X + V. (6,0) + G(6) (2.52)

Tngil F Aannmesisedafinsgvhdudvivudiudasveniueud uay X Aenmedans

AT oufmnzanugasawtaEMTILYIvesRYhdulatsRd e fuUSinaituTisese

M,.(6) \wv3ndunannsidew, V.6, 0) dunnmesveaveuninuiiluiufianifideuuas
G,., () Dunnmeiveaneuusdiugasluiuiinsiidou

InEINsaUARIPI LIS S INeANYEsEIINNS (2.48) wazdnns (2.52) faedsasioluil

feuduLTfesiNMIANENNS (4.14) Tngmsuniuresmsuvasaladeuazla

I Te=7"T™™)6+]7TV(6,6) +]°TG() (2.53)

F=]"TM(6)6+]TV(0,0) + ] TG(6) (2.54)
ausnUSUsTRuAuduiusIsniituiivesdeste fumuissansidousududienm
aANUUIlATY
X=Jo (2.55)
LATITRANIAIUUANAITIZLHSU

X=jo+]6 (2.56)

nswitgviaunis (2.56) dmsuanuisestodetlug
6=]1%-J16 (2.57)

wnuANENNNS (2.57) Tuaunis (2.54) agla
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F=]TT™@®)] X -] ™M) 0 +]TV(6,0)+]TG(®O) (258
aglpsuaunisdmsunswlasasidewdu

M, (0) =] T(O)M(0)](0),
(0,0) =7 T(©)(V(6,0) — M(6)]71(6)](9)6),
Gx(0) =] T(0)G(H) (2.59)

ladouiivanduaunis (2.59) Feulunsidiontu F uag X Tuaunis (2.52)

2.2.5 MsRsannsdndsnuiivangay

MsMaHUMsAdeuTidmiunsdifansnsaviliiusudaiunsalindsides iganu
nsindouiiiimmun Iuﬂia‘jéﬁﬂa"nmsﬁwmuL’%‘aqsuaqwé’wwu%%yuagﬁuﬁwLmu'masgﬂl,wu
wdouit IneldSomasandufudslunisieusoiy

g

nsARURNYIINITRAsAatdunInanlussuIu x, Y ALRUInLEUNIlniue

Tnefifaiald 8 € [0, 27] 9ndunissudusasfidarlldululdfazfiafitaansideuros
yhadmelussuuifamsugudannsolfiofumssmiiusaumansludhami dadus
FslesuilsAduunnnitialeu
g = @i(6),i =123 (2.60)
Imsm'ml,smmmLmnehaﬁﬁu’qaaqﬁgﬂmaﬁmmL%’JL%&;;;JLLaxm’mLiqﬁww%’u%’aﬁiaamﬁa
LINALQNALOBNIN
g = @l (0)8 (2.61)
i§; = ¢{ (0)6% + ¢;(0)0 (2.62)

Tunsasralusiiannusiluszozwes 0 asvilalaevindunasiuvadlaiazlalaunle

'
a

MnyRvosdulsEAnsAuanafy Adulseandivardasdudfuusveansfiussansnn &
MIMUUATULUUTDIAIIT?
0 = h(8) = ¥(a; sin(iwh) + b; cos(iwh)) (2.63)
Tnofl o Forufideuuas i Aedvil a; wog by Wurdudssansiléiiudge i e
[1...n] Tnefi n wwﬁaﬁﬁwaqgﬂLmummﬁa

ludnwazveanisindeunaziinsindoulmnteslumusien 3, 5 waz 7 lagazgnunluly

a

P a a a A & v o | o oaa v ¢ a a
LW@WTJ‘U?{'ETUﬂ']iLWll‘Uiga‘Vlﬁﬂ']‘WV]LTJ‘UI‘IH@ IUi@IﬁﬂLﬂ@?']@GUULiiJWUVIﬂUU NANUALNNN w = 1

Y 9

v a ! L3

dulszneurimunvesanufaeninaudassiudurudau 6 € [0, 2]

Y Y Y
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a,sin(0.0) = 0, b;cos(0.8) =b,;, VO €R? (2.64)

[
CY =y

Wy by TedorduanusuBayuadeniu 6 yenainiausuadelaeiily 6 ag

(3

LANANRINAEIRAERaEnIAYe O
Lﬁ@lﬁlé’lﬂﬂif\léﬂmﬁﬂmmL%’J%ﬁmiﬁwmmauﬁuﬁ‘muL’Jawaa lefu h(O) 4
. d
R0
d dae
=200 5
= h'(6)h(0)
6 = T iwa; cos(iwd) — iwb; sin(iwd) (Y a; sin(iwh) + b; cos(iwh))  (2.65)

0 wazilandudmiv @ uaz § amnsosiuidiiiu (2.48), (2.61) uar (2.62) 16L& W

@' (0) uaz @"(0) lnsnisunuai 6,6 way 6 aﬂuqmé’m%’u q, g wag g mﬂﬁ?ul,muﬁmu

AraiuazanusaiAsTudAuaumsusuiiliensnsashwnseln © fironedostu m 90
Taflduuia aunsvususmufissylineundhiaglfauns

M(q)G+C€(q.9)q+9(@)+1f =1 (2.66)

. Aadla TN LI lASI519E M SUNISS ULSIT A USULUUNIS LA UN AN U LA 8

9 Y

Ly A o

dulsgBnonmuualiaasmiily h(0)
NAI9IUNANINUA NG LUALLAUNIILULATUINNEIUNTLIVBINIAIRIUNITVEELIATAY
una nasnuivueualglugasaantananiisaglasy
P =|zq| (2.67)
FItUNST NS UNIMUAIE L AELNIS
E = [ |zg|dt (2.68)
F .
fatuanN1sRInanaiunsaasldiduannisudnlunisNnaeALIUN S IINE WU L S A
1A8MATANITIANTILALZ AR89

2.3 NMIMIANMULENNEAAIBNITATOUNVDINGUBUNA (Particle Swarm

Optimization(PSQO))

mi‘mﬂ"]mmzﬁuﬁqméjwﬂﬂimﬁlauﬁ‘uaﬂmju@ymﬂ (Particle Swarm Optimization,
PSO) Ludane3fiuifnsagdlarnainsssuwd daduitnsdumuuudilageifogaEudunans
30 lgUseenAn1nNmrann1IM1a3InIng madernlun1smiamsvesdnd wu yaun v3e Helan

& v ad = P = & Y o v v
i lnesssumnatudavieun aunsandoun lududwendisanaingdawaisiunduidiunty
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HaBnAS Nsimdeuivesnguennaiianusaiiansandunginssumsdenusadad (swarm) UN

N

5

o 1

NAMETABIIRAMABS AT LIAMESTTUATILILAZLAMBIIEYAIIISIIUNITY 15auy Al

"

v
¥

sunaluegluiiuiirunivatedia dreuniausasiilugiaznasdiduniinnnaavesiiduies

1Y
=2 o 1

° | Aaa Py ] o 1o | Aaa a Aa
LLa%gnLL“UQWWW@@%@QLW@Ui?@JE\JQ ﬂ'J']lWill']EJsUaQﬂ'n'wnLLWUQW@VIq@iuwuwquﬂﬂ LA UINU

ArmauNAngatiuies aundnlugsazyiinmsdearstayavessiunisivann@ndidulagyiinis

1%
=

Wasuaus waamdasuiludasumus ludiielidlndsumindngaunngaau
danesfiy PSO Wudanesiudesuszvnsiagldudnnisviausiuiedulunisuddym
vaseuna daulaly PSO Aeaiuseudigvesdaneifiuuaznszuiunisan vinlminluly

UM LARE1HUTEAVE AN WHuRsugIUNMIYIaIuYes PSO wandlugui 2.6
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-~ swarm influence

particle memory influence

U 2.6 M3vieuves PSO

( https://www.researchgate.net/figure/Velocity-component-construction-of-a-particle-

swarm-optimization-algorithm-Mohamed_fig4 324470759 )

dane3fiu PSO lagniluldiieAumennimanzanigavesdymvaieyssnmn ogndlsh

L

AULEAA5n15nanaalanansliiudtaflunisldautazaiunsaninasnslusz ez ansudy

nsfnezLandbilTuIdanesuamIsaAuEU WA Tgatunsiiunuliasiiguassanay

9
[

mA1meulagIn AMNIMYBIHAANSAZTUBLAUNITUTUIUAMILUIAIUENININTFUIUNTL
insUFusundsnazdminlusiudsinevinisandulalunisAiuiugun 2.7 Welsusunns
Awunsmasdsligidniiesnineuninseduerludmene luiiuivalan sUf 2.8 WemsAuiu

laAneunneIn1snsNlaegidl wavouniragIsdadaudnans

Particle Dynamics

©

~

Dimension 11
T

0 0.5 i
Dimension 1

PSO Model: Common PSO

©
=
@ 8760
[
<]
=)

Minimize to :

Inertia Weight : 0.30404

JUN 2.7 dnwauensAumAIneued PSO tneniluilliaisusuauimney
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Particle Dynamics

Minimize to

Inertia Weight : 0.60303

40
epach

JUN 2.8 dnwagN1sAUMARBUYeY PSO eduaaiaulunisAum

AM5¥19uvee PSO HusglewiunnlunisAumcineueg1953057 #8015 ELUIANYDY
mslviminarudesuesqasing Aeilonnudunauazyuusamadunilanuaznsdum
Tuviesdu uenanazldussans Mmitrsudminnumiinuesriosluriwadisnsiuanas
Dudunsawudiasduand éfﬂﬁ?wfmﬁfﬂmmLS@sn?‘i@q?ﬁwmaﬁqm'ﬁmﬁammawaqm’mL%fﬁ%
[fiuTusenisiinginagynisdrsaiuiinasdumluiitenvisesniinindt sgnslsiniuaiy
Bothuinfitiosamsnefinnuiunlsvesnuiiitesasilinsivasundasinadundues
nsUFuusansAumlufiesiu dedunszuiunisfumaisisudusetunaudes ity
dusunisdasaamalandiedminarudesduduananieliitesenisnisersiaviesduly
RRRVEN

landuilaldigaduamvguuininvesanudesiulsiumunaiiauslunsinuiil

lu PSO tslavinisunluaulssvesiinl siuaeinultgaio Usul e seansaimie

1%
YV v

inlUlgRudgmidududsluuns dnidndamisninlasuiia:

iter @
W = (Wmax — Wmin) X (itermax) (2.69)

(GN]
=3
aeve
.
)
—2
e

TuNIAIN Wipgy Ao 1.0 Al dudminganvenIulosasdn Wy,q, Ao 0.

1
o Y

Judmidnimgaueanssdes iter Aowunaaunisiiagglunailagiu iter,q, Aodiuiums

1%

Mg1n1svingasanazlasunissenlduas a Wuadulsyansnisusuluseninanisying

Y 9
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iae a = 1 nsidsundasaznaroifunsdifiviveoiniudesdaduiinauauan
NILUIUNTAUNNSUAUMBUIMLTNANURBYFIAN (Winay) BIaNT0YIETUNTANTIINUNNS
wAdeyyannis (2.152) azdsnalildun1sanasiuanaeiudmsuAILANANAUYOS a B8 Wiy,

lUNSIAAYIYT (itenpay) el @ = 1.5 d1 w figandnlugeiun1svinggedariuinnii

1))

UDNANRLUAATENINNTVIDTUN8US w 9zanatag1esiailunsalidadudadl

WUUTa0UTEUVDS Chi uag Eberhart (a

Uselonflunsisamsgitvessadng egslsfinamn @ fuwelugjuinfenatusiiusumaia
fianlursmavieluneuduiy iesannszuannsfumisunalngiiuluuagauuansamie
over-swing lusgwinsmsvhanissannisanasegesnssludmes w
sofunddeiuidymingdsnsuitaymuuvluwdsedminaudesiusulduay
ﬂalﬂmiﬂmﬂﬁuiiwﬁy’amﬂﬁﬂms%’mmi%’aﬁi’ﬁﬂ Funeussrolui:

(1) Msi3usu

PSO ﬁ’m%JUﬂ’liﬁﬂH’]ﬁE]‘léﬂ’lﬂ‘U@QEJ‘L}ﬂ’]ﬂQﬂﬁ%ﬁx‘i%‘NLLUU?jmﬁﬁ%mﬁ\‘]mﬁﬂ’mL‘fJu 039 1
MNHuiTaAnunauEIa LAz anve U IRdagnaiaveuLaliiveuln V =
Vi Vinax) = [2-1,3.1] LLatﬂ’J’mL%’JL%Néllugﬂﬁ%l’]ﬂ@ﬂéwialﬂ‘ﬁ/:

V = Vinin + rand(vmax - Vmin) (2.70)

e rand FGRRNT R

FiifsnsonlssdiulnevieingUssasduasilsifunsusuaniosnndesfnvessuuuy
msgulUsunsuldsunsy

(2) MITURAFIUAUILALAINLST

1u38‘1ﬁ’j’]ﬂﬂ’liﬁ’1‘§’lﬂiﬂuL%’J“UENLLGiﬁz@Hﬂﬂﬂﬁ]xQﬂﬂ%UIﬂﬁl 2.71) Tl ¢, waz cfu
W3dwesnediauuarnIsseus randl waz rand2 Wudiavduszning (0, 1) pBest vlu
fuviisiiagiuifianusazeynialuduvnanisfumvesiaesas gBest iuaiiffianvors
Hane

View =W X Vg + ¢4 X rand, X (pBest — X,,4) + ¢, X rand, X (gBest — X,,4) (2.71)

Wwitinvesrnudesgnivua lidudunsiluseninamsviginiuaunis (2.72)

; a
W = Whax — (Wmax - Wmin) X (lti) (2.72)

itermax
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61210590090 YN1AUBENTIANRNEN Vyay 38RBIQNWNUNGEY Vi Uonanddald
Haidu sigmoid (2.73) WiouSuAa525¥1I1e 0 9 1 1ilesannilendu sigmoid aziiindudy 1

e £ WwhlnaAulanuinkas 0 e & Wwhlnaratumau

1

Sigmoid(e) = = (2.73)
lunanmuniaaseunAwsasiuiaRzlasunsdnannuauns (2.74)
¥ = {1, if U(0,1) < Slgmmd(V) (2.70)
0, otherwise

(3) MsdUianayATiATian (pBest)

pBest \usunisfiafignvasudaroynialunisdumnsguaunis lusswinnisidaty
UAMANTIONINAUITANMITYNUTBUNEUAY pBest nine1Uaqduinin pBest uagein
pBest azwinuedagiu

(4) Mm3sUmmilandidiian (gBest)

Wisuifleuilsifuresannisaseailaiduiunissiniuvesssyinsiiafiganou gBest
winadagUufinda gBest Widuinnrmeaseuniallagiudu gBest

(5) nalnnisnateiug

=

gtunevasnalnnisnateiugiiasusnluwuinig PSO Mausivenanidein1snng

1% [N '
i

Nunfnzauiian Jugnsisandu 0.03
(6) NMIVYANTLUIUNNS
MINTIWIUM ST UAUTIUIUNIITI89@ATLAYIINITAUANTEUINNTTIEVIINTVEA

MSANUIN PIVUABUNIVLAGNHTORAAILANINTUABUNITIINOUAT U 2.9



39

AmnuAinauE i
aynALGaLi

|

fnilaqtiufinii pBest
wia'lai

19 “ailad

AvuaAINZEN
1flu pBest Tusi

AYAT pBest AaunKun

!

fnuAauMANRE
Wgauad pBestiilu
Aag gBest

’

AWUAIAIN
snTuauNALGaY
[2p}

!

Tdazavaymaus
ayi'livinnns
Wsulgomaans

‘Lemuiihvang wia
HIAFIFHALFY

UM 2.9 fan15i91ues PSO

2.4 TasevgUseamiay

Tudaguiinisuiilasargy ssanniisuanlgluaidedu nsdnngudeniny nsdeun
lnedumsglasselssamiionaisanazdsviiaunsasuianmiisundadls ety
Usgleaingrauanlunsundamdnatgdssinniimeuiitmesenalimungauiazihunldaunay

padunuifinsAnuasiiaseiunsaunlanudidgaesienasnlaenalunaiinazfeesi

(%
&

MR EAlng AUV Rl eIR I luA UM IARSINT ITaNB IRy YT AT O AnLay

[

Anseilsedwadududou JelainsuiwinAnnNsuYesELsIy Bt Ussgnaldlung
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Propagation fig2 281271367 )
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3.1 N15AATIZIULUUAU(Lean Analysis)
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N13ANYINTLUIUNTANENITHEALUY A f93UT 3.1 Anud1aty Tunszuaunsuanaie

widannazidusenuinsud1eldiiailunisudnuiu iesainseutian (cycle time) 904

A1UN1THAAKUY A gatla 15.53 Tundl Beeglunszurunisvesnisuszneulunszuiunisusnain

ANSNATIFDUNUINLLIATILANAIIINNTEUIUNITRALANLDY 6.38 FUT ( 41% ) kaY LANAIY

INNTLUIUNITATIFDUD 9.08 U ( 58% ) ¥IMANTLUIUNITANLAVLHBIAANITTONIDABITE

LabrdreINsUsENaUYnafena U AlAI1LILLNNNaUY F9azaIunsanudalaningIuLIan

PINUAVDITUNDUNITUTENOUTUNULALTUADUNTAALaNZLA? L TBIANNEY 2.2 TU A9t

liiinsmisnisusuuansguaunsnanesnun tmsenansife d1u1snansouIan

YDINTLUIUNITHER, TANITIE9U, N15UTENBUINUIINLUULANASIAY 10 Eu Luludsenau

WuU7iaz 1 L& (one piece flow) kazansuiuntnuildlunssuiunsuanle geluniisagly

MANNTIAT LAY TUNSUSUUTINTBUIUNINGS Al

Operator = 3 Persons
CT 5 23758

&
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JUT 3.1 nszuIunsUsEnaunaunsusulss

Tray
Component
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TALIANTBINTSLIUNIG

20
|
10 A
0
A0 1 AT 2 #0713 3
B nsruaunns Lol pssuntiiAET 2 EMeuauiisi 3 M nssudunash 4

SUN 3.2 n3l dassseuiia (CT) Aeun1susulse

o

31NN1INTIAAOUNTLUIUMITHEARATIINITIATIEINILALTIIAANFYLUAS 0814 (8
Wastes) LitonsdaaudufiignAnieanis uavdsdudiléiuna Tasuszneuluse

1. nsuanganiinld (overproduction) ludiwasmsinssinuuau ludeiinsyuiums
wARLUUIRY MagUuuugy 3.1 Wesanludiuresnszuiunisysznevldnangeinliiianisse
nukagalunseanasadannazidudesldiaaiuiu Jeilalnesarunsonanduandslaru
udILAUMTignAIReiNTg (forecast) Tuusazsouvesnisdsduduslaiamsandnldifio e
dwiuilagonaudliundn suitldananull msitausaientituazyaeiily msuandud
Tusounsdsdursevanly lddeusinsndnduaninawiull wsignisissnisuanguniuintd
durhlforairunisvseneunuitliauysalld uaflinshnsdatvaiendudunnawiuly
wuiy esanazsiiliAsfunulunisiafvaudifuaiudndu lkRauuAnnisuiulgs
nsvuIumMsHanTurlniilefarasendndus il doonmssdnmundmneuasiidudagen
Panuitldinanaundradu

2. maseneslunsUfiinis (waiting) aniildnanundrsutuy luduvesnszuaunis
Usznouduau 1‘?14Lﬁuﬂismumiﬁl%’Laawiuﬂwswémuﬂﬂﬁqm Fanszurumsdnllainnisuseneu
the Wunsaslanzshliaamssesudidondimn sudenafiuaniiwosnsyuanunsd 1 ua
ASEUIUNTT 2 TiTiAusneii 6.38 TunT HaZITEEIATIAIUANTNIATENINNTZUIUNMST 1
LaENTEUIUNITT 3 AflAdussuedainoutiauinis 58% vilidesmiisnisusulse

ASTUIUMSHAN LA TUNNSNARLAaZNTZUIUNSTA N NALAS9AUY
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3. msvudsnniuaud iy (transportation) ludgiuvesnisvudsisnniiunnusndu

o

fu nsdsdudlitugnAnduluauseviigndifesnisuardinisnaunulilaifinnsuudeiiuin
Auldusizinnsviedsdudlunsdifiliansnsondndudldnandilifeadeusounisdsennty
AanudsnsluBeswesduiuuazanuindeieannagnanluluiiganaznnsiiing
sonuuunszUIuNsiliifunuunsivafiagiuidliiAalemafiaeddammedunmawls

4. MsfitumeumskamnnAunus Y (processing) Tudruven1siarsatuneu
mimﬁmﬁ%umauw%umauﬁmmaaﬂ%"uﬂiﬁLﬁaﬁ'}miaﬂL';a’ﬂumsmamlﬁﬁﬁﬁ"’umaumswammﬂ
AueusiduiilunssviunsdaiuiiduaecUsznouis 4 nsyuaums wavseunan (Cycle
Time ) figefianvesanensndnegiituneud 1 9nn1sinsesinazuudnudiliinaudnd
2¥59UNTTVINNIF A8 Inner wazn1sUuTufiviinisudalisaefu Wedunisanduneu
nszUIUMsuNHanlutosas

5. MsiduAInIrdsINtAuALsI Y (nventory) Tudiuvesnisiiduainsndanniiy

Ay dutulunszuiunisudnaiaadanunlanaingdiedu Taiusananauailaie iy

A Y v I

FNUIUAUANANAIADINISINNLT LA 5ONAR AUAT L LAEaANISHARANULTIMUNE AD 1.673

Y

Y Y

SruauAudniignéndesnts 2 tafendudlivnidin deduungdstliannsarhmananmuiigndd
foensldl unazddudasndannludiuvesduimduiaslngassite 2.2 Suvesnsndndanisas
anadliuasdeshnsusunmsnanudanguinnnini

6. nawARaulmaznAuly (Motion) dwsunisiedeulmiinaiiuludu amnaienisuds
LuuiRARINNszUINMs 1 Snssvaunmsfiunniuluilifseunavhaufigstaiuiaiing
U3uUsslagn1smuTItnTzuunsh 3 uay 4 ety

7. maigunuunniesuazvends (Defect) Tudamvosnisifusuunwiouazvoade

fu M3naiundsesiiasiligndesdssaliinnisdurosnaved Innner waziinademsdy
wsaRavesaeLALda

3.1.1 nsUSuUgsaen1sH@antaaInnIsiaTEikuuEl

sruunsHanLuuaudunuAnnseusvailunisysanisisnisudiuazadnaiugey
Wawseduwldneliiinyadiialviuinssuiunisuasndniueilnge1fuainuden1svesgnan
warn1sasszuufslunssuIunsievilvifinaninnisivasgsdeiiosveinssuiunisias

Usudenseuiunisedwaiiesiieaiayadninliuinssuiunisuasnan daaiagrsasinaye

'
a o W a

n1svdaaugyalunszurunsndndudmunendidgvesssuunisndnwuuiuiionin

Y [

anuagUandudinisiiliiasuyuvsenailunisnanduaniuguieuagyilan 8 Usens

[N

[

(8 wastes) {n91l
1.nsuanuneAuly (Overproduction)

2.m33erglunsufuisnis (Waiting)
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3. Msvudsnniiuaud Ll (Transportation)

4. msTiduneunsHaRnAYA LTI (Processing)

5.ms8aumAIrdanniuaNdwdy (nventory)

6.mandeulynuniAuly (Motion)

7 msfifunuunniesuazvonds (Defect)

8. nMsldmsnensyraliihuuszavsam
uRaRUUALTEnnsRail

1. ¥n13719unY line balance Tagsaunszuaunsia inner dfunszurunsilutud
diatdunsmununszuiunsivasnsaielunaidetuiioviinisanseunatiunisieu
PUMENNTVBINTIATIZIUUVAULAZMINTINTY line balance udlnefiszaziianildluudas
nszUIuMIAne danusnsiulsinndauaunatesan1sHannniuann1Isones LAY
T snanaueesangnsnandulunuusun saniinnel il

2. yhnsssaiesinsifinssAsilndidsstuniaduniosdnsiinAadiinunamieny
nszvIunaeiuwdagrilfhedenisuseneusenny

3. MAAeINTUABLATPUINNTUsENaUTLlv TaBa199gnTaduUNTEUILNITUNS
NTEUIUNNT ABU-MEa gRInenmneaazvih lfanldlunszuaunsUsenouuiinaig
nszFumniuanmandeulmilisimaedeulmilesfignifien waymusinsUszneusuuazan
nangadanas

4. spyAMANTRIAUAT (specified value) wazusnistunndevasgnAAugnvelignaes

5. MII¥YaU5IIANAT (value stream) Guaqmamﬁmsﬁlw@ﬂﬁﬂ”’umauﬁummiﬁ%ﬁumimam
U n1s¥URddenisauruntsnanduAnduduiiognszununislafilidinugauasdy
ANNARLUEN

6. Msadanisinagesnszuunsessoiilos (flow) Lilinszurunimeasenszuiu
flowni

7. msldszuuis (pul) Tngldwdnvesmsanusenisvesgnnidundniovinanizded
anédesmsnuiifissnisuazanglunaifeanis

8. AnuaNysaiLuU (perfection) Aensufuustedsdaiileaiiovinaiuanyaids

PouLuey
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3.1.2 dr5vdnmdagiuvesarenisndn

TudumoutazinisAnviuvdsiluivesainugauuaniia 7 Usznisiiiniuly
nszuaunsHaslaenslETimsivaveanszuunsemuaiielsmsuinsEUIuN T IR
aulatuilymillagnrouinegilavszannmusaeiosinafueddlsnndufnuodsanden
Tuwsiaztunsulagldunudsnislvavesusiasnsruiunsuasinudoyavasdaunniasiintuly
nszUIUNINANIieanANgYIUa1a NN sTeuAnTeslunsruIuNTHENIINNNTToyadlle
ﬁﬂﬂ'ﬁﬁmﬁﬂizmumsmammaLﬂLﬁaﬂ’JUﬂu&nusuﬁLﬁaﬁ'}mﬁmeﬁﬁﬂgumauﬂ’]iﬁwmﬁ”’wm
voanszvIumIkaslasfinsanlusastuneumsndnyhlinuitaanii 14lunsndn 2.281 fu
desniinmafvauiasadsluuiagnszuaunsidudmuaunin uazseunailunsudn (cycle
time ) Tuusaznsyuaumsliaugaiu lnsfluunanszurunisuansaiuis 58% Tunszuiunisi

a v A
Nqﬂwq@LLaguaﬂVI?jﬂ

ISSUED CHECKED APPROVED

Value Stream Mapping ( Current State ) Part No. All 3

ABC Company Model Line : Assembly Customer: AAA

Work Time Information
Work Day 20 Day / month

1Shift / Day =8 Hr

Brake Time 30 Min

Net Avail Time = 450 Min ( 27,000 S/hift )

Purchase (SAP PROGRAMS)

m Assembly % Diecasting % Grinding % Inspection %
— D D ——
W —

@ 80 Pcs. @ 10 Pcs. 200 Pes. @ Ass'y

10,000 Pcs.

— PerDay 4,500

CT=15538 CT=662S CT=2538 CT=6458
CO=138008 CO=138008 CO=100 S CO=600S Store FG
Avail 27,000 S [Avail 27,000 S Avail 27,000 S Avai 27,000 S Inner

UpTime 93% Up Time 93% Up Time 99% Up Time 99% Status

0.017 Day 0.002 Day 0.04 Day 2.22bay LT 2.281 Day

’ 15535 I | 6.625 ‘ | 2535 | ‘ 6.455 | -||\-/(|:aTn331l13 S
! o .
&F 140000 @ B W J— @ e L ks (]

Shuter Problem Siock: Temporary B.A Contol Post (Wailing,Lot Patiem Hei Prepa Box) Infor.. Ifor& M. EXB PrintoutPDS PI KB PW KB Tansportaion Process Area Customer

JUN 3.3 fansivavesnszuiumstutagdu

wasanAlainisAnwranisivavenseuiunsanensianka lugui 3.4 :nuwiing
JUIA189@18NITHEALAZIAYIA15 19N Tg1uluN TN ER luTURBUN1SUSENBUNIY

(Assembly) lngnengudunaastunaunsiaulusdaztunoulazideauiniian ez



56

M131aanNnsgINlunsnantunAnyinazgiruagiuaiaindeunnseslunssuiunisngs

3nn1steyantaviinisfnwinssuiunisudnaaailanivaueiusudiiialulunisviauns

anemsndnsialudmsisanunsgulunisudnvesnssuiunisnaniined

[

TOULIANNNNU

AsEUIUNIST 1

d10U | NITUIUNT Jum

1 N19150UAU Inner 1.85

2 Td Inner fiu Mold Outer 3.63

3 i INner WBUAM Inner 5.48

il Humanewae wazui 4.57
323981 15.53

ASEUIUNIST 2

819U | NIBUIUMS U

1 Anlaviguiiae 6.62

2 MAUEEDIAASU 2.53
32987 9.15

ATEUIUNNST 3

810U | NFBUAUMT WU

1 #3IADUILYL A+B 1.64

2 ATIANINUUDN 3.25

3 N15UTIY 1.56
323087 6.45

M5T 3.1 WARIIANNINTEIUTDINTEUIUNTROUNTUTUUTS

PnTUITYIhNMsasUisnugylaiandeunnsaddunszuiunsndndtunanddauasly

drulptnawasivadedulaanusel

Pala LY

o

UNUNANUNITN

WYY AMUgUa1veIaITeNy Liaily
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MIPNTuusen1sUsuduasasdiodfesldnatinntesiiiesdadudy edilsnaglavinnisd
TuAly Ysuusdludiutuldegnagnynuasiiuseansnmgegn

MR9AINASIINTA1TRan mdagtuvesaensnan luudtiuaulanaaguininugs
wWarndeunnsesludlatiaudtuainiusagyimsimseinssuiuniskagyinnisusuyss
N3EUIUNNITINITUTUUTIREENTNAUNUUINTEUIUNTOIEUYUVULUA

3.1.3 M1931AT1ENNTTUIUNTS Uasn1suTulEnsEULNg

nMsAnwaznsdTRanmiagduresarsnsndnyilinuiinisanaugayan
Nndufasrdaaznszurunsiiduaevinanmsilsvhnisdisanssuaumsnuinngsuiums
faufasadsseninanssuiunsiudiuvenszuiumsegi 2.281 Juvhaudzdududiands
Tudhuresnszurumswip) Miduauidifasy 2.2 fuhauuaznssuaunisuszneu 0.081 fu
yausdlymdidyvenssurunsysenaudunisfidafiuandstuduegtauinlunis
Usgnoulagmsifinarfiunndiaiuii 41% uag 58% nudiuisliinnisuiuusnssuaunis
a3 911 line balance Tuns2uIUNITHALYIINISTIIUTINATEUIUNITUTENBY inner uae
nszUIuNUudenesnsnanlfunsrUIuNBAe Ty uarvinsUSUUTITinavesuan

Assaz 10 Fu ludunsivanvunisivaiasduiievinnisanauaineeddlunssuIuns

saLInAIAaUNNTLFUL FEUNAMAINTL Tl

18 18

16 16

14 14

12 41% 5go; 02
10 10

8 8

6 6

4 4

; 15.53 9.15 cZ) 12.53 6.47 11.45

AnT 1 A0y 2 AN 3 AT 1 Aot 2 aniii 3

| | HESUT,W'WT‘:% 4 | 'Wﬁ'a‘iu’!uﬂ'\?ﬁ 1
JUN 3.4 UaAITBULIANNBU WAz NAIN1SUTUUTINTZUIUNS

91NN"5UFUUTINITLUIUNITAIN T8N FUAIAIARITENINNTEUIUNT INAIIInUALAZNTS

Tnavesudunuunisivaiaziuainnisiuadiaz 10 3u lneauisayinlinszuiun1siaIueIg
=] = o v v d” = U U

Y9I WAT BN 9% Vlsanunsaann15eRae lauINTUaNNTOLBURINSEUIUNT A NaINIS

Usuusslinugui 3.6
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Operator = 3 Persons

Tray

| Component

waIn1slsulse

Operator = 2 Persons
CT= 1253

Tray
Component

JUN 3.5 Lansenenisaanneulazndansuiudse

TOULIAWINU

o
NTTUIUNTN 1

10U | NITUIUNIT AN
1 N19150UAY Inner 1.85
2 14 Inner fiu Mold Quter 3.63
3 #a Inner wEauAv Inner tuvanetay wazui 7.05
PRGN 12.53

ASYUIUNITN 2

AU | NTTUIUNIT U7
1 AnlaveviuiaeuazyinANLazeInAIy 6.47
$93178" 6.47

ASYUIUNITA 3
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A1AU | NIBTUIUNTT UM
1 AIIVEADUTEUY A+B 2.64
2 MFIANINUUDN 5.25
3 ¥N15UTY 3.56
T8 11.45

dl 1 v U
$1919% 3.2 LLﬁ(’NL’Jﬁ?ll’mig’miuLLG]aSﬂiﬁ‘U’J‘Uﬂﬁi‘Viﬁ\‘Iﬂ’ﬁ‘UiUU?‘i
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Value Stream Mapping ( Future State )

Part No. All

ABC Company

Model Line : Assembly

Customer: AAA

ISSUED
Date.

CHECKED

"APPROVED

WorkTime Information
Work Day 20 Day/ month

1 5hift / Day = 8 Hr
Brake Time 30 Min

Net Avail Time = 450 Min (27,000 S/Shift )

=2

Purchase (SAP PROGRAMS)

Assembly CEDT-Robot %\ Inspection |
Q (@) Ass'
U 1Pes. 1Pcs. 10,000 Pcs. y
—ay PerDay 4,500
cT- 12538 cT=6475 CT= 11458
CO = 1,800 S CO=1.8008 CO =600S Store FG
Avail 27,000 5 vall 27,0008 Aval 27,0008 Inner
UpTime 93% Up Time 93% Up Time 99% Status
o 00ay 22203y LT 2.22 Day
TCT 30.38 S
12.53s 6.47S 11455
\—] I—] \—] Man 2
1
«--- ]
S [ om0 & B W 5 U e :
Shuter Problem Siock: TemporaryB.A Control Post (Waiting Lot Patiem, Hei,Prepa, Box) nfor. , Infor.& Mat. E-KB Print out, PDS PI KB.PW KB portator a Custor

35U 3.6 dansivareenTEuIUNIINEIINITUTUUSS

3.1.4 AN58AVBILEYAINAISTHERN

31NN159539a0UUsEIRN SN ERToUNAT nulunseuIunsndnsiivedeagussunn

100 PPM Favaaidadusun 1 55% Lunisideainnisn A+B luldszes wasvoudedusun 2 10u

Jaymaeansdalaidiu
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sanfelunszuaunns

8000 120
7000
100 100
5000 : 2
oz 97 "
5000 5

4000 60

3000
40
2000

20

B = s |

A+B Lilfzaz Saluidy Quter & Inner ura G

1000

o 2
TR TY)  e—E

JUN 3.7 veadenavulunseurunisdounas

1Nl n1vas A+B lillassas 1Rnananynn13319Ua1808s Inner lanss

AUl find §an19279 Inner Wunsnsuanulaentdnausinlvdunseldusieu

HAA L1 N
JUN 3.8 fndan15999 Inner Tuuaiiia

a I3 al 1 = < PN @ a 1 1 =
ﬂ’ﬁ’)Lﬂi’]%%{]iyJ‘Vi'WJ’eNﬂ'ﬁQﬂ‘liJLWNWU'J']Lﬂﬂ%’]ﬂﬂ?i‘ﬂ?’n’mLi’J‘LUﬂ’ﬁQﬂlMLLuuau bUBIYIN

TAseasievanasesdainisiraiusaumansisnisiisalniielilanslaiudwnluiianlae

[
oY

sgddldiign 4 Judlunisvaeuazans Asunsildninanudaagliamisamuausouaives

Y

n1538alavi i uauuIuile ninnunivnvelunisiaugaraunsayiinignwunule

o

< 1 d' Y 3 1 a a o Y a 2 1
smmmwnamiawwaauaxawmmsmwlmsamw 4 ’JU’WWI']GL‘VILﬂﬂ{]QJJWW‘VI‘VI’JGUUQ’WUIN

auysal
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nsunludaymiaaunsavens 2 Jymuurinlalagn1sauANA YU ZIAIYBITBUNTS
Anlvmei Asiulavinsusudsensng inner isumidawagaiasilaenslduuuyueuivinnig

TN PIEUTOAIVANTEEY AU UagaanlieeauuoumuFUN 3.9

JU7 3.9 nsrUIumMInain1susuuslagnsanlaguuuviugun
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unil 4
N153ATILMINBYIINITUTUUTINT WSS UV AU UBUA

4.1 mylmmeitiieinisuiulsnisldndsauveswsusiueud
1nNsUTuUTInszuIumMsaEiinsldusuueudifie funisannseuiunssenssved
wﬁfﬂmuuasam{]mmﬁLﬂuﬂigm@mmwé“uﬁuﬁ 1 waz 2 Ao svoz A+B Tldldszeruaziiues
Fusudalifudafnanauliuduoureinisn inner uagnsitliannsnaiuguiaives
wifnaluseninnisin fofudeinslivusudiazfesnnsfinsunfuduanduiures
wdsudlesnislivusudfieriinisandldinglunisuanlundressussnuazgnyiinisunud
sheeliivesiusudmszmsiusudaaouiasedindseliinlunsfiaziedeulm
defumslindanulussuumsndnegnamnzanazld3snsvivanuiuazinandi
wndoudt Tulusunsa MATLAB Ingn1sdnaesliviusus PUMA 560 aun1svusudifievnnisman
ussdafiAntudfiodmaludmismmslindanuiiiatumuiissyliteumidlnemsldaunis
M(q)4 +C(q.9)q+9(q) +1f =7 (4.1)
wEaunatamaildlymudumaiulduandruvisestidmunisiuvieanan
pandums nasijusudldlutanailanamilegldanis
P = |1q| (4.2)
Fadunslindsmutomnasldaunis
E = [|rgldt (4.3)
Frduaunsdainamannsngldifuasniamdntumsfiazduaunslindsnuivanga

v 6 v [

I@EJL‘Vlﬂflﬂﬂ?i‘Vi’]ﬂI’]ﬁLMNWB&NG]IW\‘]G]IWSJﬂ’NﬂJé}NWUﬁﬁﬁﬂﬂaﬂﬂﬁi‘ﬂﬁwaﬂﬁ’]U’ﬂSll’]’fﬂ’mL’Jaﬂ bhe &

¢ (7 (% [ 1

AU ARt uluT a1 uFwLlunisfigadauduius s stdnasulaziian

Y

(%
v

vugudadouinnga A lUdign B lnefissesrineseninega A uwag B gnasandu 100 wu. uu

¥
=Y

WU X 1IATUANYRNEUNIELAR 0.15 Wi wasndenunvueudldazgninlugisiat 0.1 Jund
fia 5 3w laennsly Wsunsu Matlab vinisdrasanisiadeuiivaznisldndenudauandy sUn
4.5
HAYBINITINABINTTEEENIUALITUTENINN A Uag B lagAiviarsiuuansaiy nsly
[ aa al' < ! ! a a v aAa = =
wasuzdiananananluegraunnlugie 0.15 - 0.45 Juriiusn uazdulliiAnsianasauia

Al 1.05 il urarastpeninludisusnvrdsainiuazinsanasusidunisanasedsios
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[ ' '
v v IS IS A

UL TIN5 AABUNT1a9lAe NN IT WA UNANAIUBINISIARDUNAINA LALAAY
1o & Y a =~ = Ao A | & ~ | P °
nszuaunsiidndudesdinisindouinlnenaifangainsisiyuiueuivsiiialsenouiaginnig

NARBUDA LU

Energyll) Energy Consumption

e e AT I X gt W b b e
=

Time(s)

=

SUN 4.1 N5 1LER AL AUNUTIEMINTIAASNANIUN LT LUNISAADUN

Y

9I3UN 4.1 9zLunuduiUsaIna1In15Navann1s N s uve smvuiLeud 9w

a

MsimuanATivszaudieldnangy MINET waznsssmNEveusudiilelimsiadeu

NMIIYIMSUTUUTIaen1sNERINIENMITsaY TagnseeniuuaIgn1sHaRRT
nsumusudinnldiiierhnsuidaminnsesnuvuaiensnanlinngui 4.2 uazeglisou
narluusiaensguIunadsil

-n3vuMsi 1 seunatlumsyheu 12,53 Junit viheulaewiiney

-n3zUIMNET 2 seunanlunsien. 6.47 i vhalagyueus

“ASZUIUNISA 3 59UNATIUNITINIU 11.45 AU Yulaeniingy
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UM 4.2 arensHaafiganiuy

1% =

foyavessounafililunisnanssuansliiiuiinaitesfignvesnisnanly
nszuIunsh 2 1 6.47 3uni uasiangefigalunsndslunsyuaumsit 1 19u 12,53 Junit Tae
fimsudalunszuiunisfl 1 kay 3 agdunisléndnenlunisudndeaziiuldinalunisld
susudtuinafidunimnn dufuddddanusniuiiasfediiusudmauiseunaisnd
desnndsannyuguivinuaiaazdesiinissenszuiumsneunii uagnsyuaunsinluviili
annsafinanfiagiinisaniiestasnnunss wasnatiilefiazanunsafiansannisldndanud
winzaula

ﬁqﬁ?uﬁqﬁﬂwaﬁmumﬂ’ﬁm?{auﬁﬁuawjuauﬁ I umsengg 1ilehnsaanauAL

AN5199 4.1

Fusle . UAEX tyyY wnu Z
1 0.613 0.587 0
2 0.513 0.587 0
3 0.609 0 -0.092
4 0.709 0 -0.092
5 0.609 0 -0.092
6 0.424 -0.569 -0.075
7 0.524 -0.569 -0.075
8 0.424 -0.569 0
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LU WU X W'Y WU Z
9 0.0424 0.569 0
10 0.424 -0.569 0
11 0.513 0.587 0
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wasuNvausuiLazanidlundnluwiasnsruiunisgesdadievinisianasnunldlunis
wdsufiandeyasinadlaenisivuafidauwaziaanfdnualidiliiiiernisinaiuss

AL LA NAINULLAHNANIUATTIN 4.2

p ;
AL LI81(S) RS A W9 (J)
(m/S) (m/S?)
1(0.613, 0.587, 0) 0.30 38.78 461.60 767.70
2(0.513, 0.587, 0) 0.30 270.79 3,231.40 743.50
3(0.609, 0, -0.092) 1.00 10.51 33.90 1,473.20
4 (0.709, 0, -0.092) 0.30 1.25 26.30 541.60
5(0.609, 0, -0.092) 0.30 2.21 26.30 542.40
6 (0.424, -0.569, -0.075) 1.00 1.89 6.10 916.20
7 (0.524, -0.569, -0.075) 0.30 0.93 20.80 469.40
8 (0.424, -0.569, 0) 0.30 1.84 21.90 324.50
9 (0.0424, -0.569, 0) 1.00 0.37 19.80 574.70
10 (0.424, -0.569, 0) 0.30 2.32 27.60 600.70
11 (0.513, 0.587, 0) 1.50 2.74 8.50 1,201.30

ANS9N 4.2, ALAUITDINISLARDUN AN UNLAINATLAFDUT
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E = [ |tqldt 4.4)
U T lag
M(@)g+C(q9q+9(q@)+f =1 (4.5)
azlaaunis
E = [;1(M(@)i+C(q,9)q + g(@) +7f) x qldt (@.6)
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TngnisimuasIuILeynia 15, 25, 30, 50, 75, 100, 500, 1000 8yAALNDINTT

N5 UAT9 a1 luNISAIUIN WAINUNLASU wazanlglunsuan

U | 1191883 | FOUNAT | WAWU | % a1 | % 89U %
aunA | (Bui) HER V) NAWER | WAIUY
() (i)
15 Error Error Error Error Error Error
25 2,499.02 10.49 8,331.00 - - -
30 3,547.00 11.50 8,199.00 | 41.94% 9.63% -1.58%
50 4,310.00 11.49 8,180.00 | 72.47% 9.53% -1.81%
75 6186.18 11.50 8,174.00 | 147.54% 9.63% -1.88%
100 7771.05 11.50 8,152.00 | 210.96% 9.63% -2.15%

M139991 4.3 UARINANISSEULTIEUNTAMUATINILBYAIAYBY PSO

N5 4.3 Wevhmsiiasanlddiuaueyniaiind 25 fanisvinauaes PSO agll
ansavheuld uiidafatsannisldsuaueynieunduain 25 aufis 100 dagnuiinis
duTurasiiuiuoyninaylidadeseuandilumsndadi PSO Tkadwioonun uasiinng
Waguwlaweswdsuliiiy 2.15% uszdmwassrannsenaildlunisdmauesiuuiiass
Tnsfisiuaueynia 100 Fatuagldinanluntsmuiuinniui 210% Fahnisfinrsunisld

JurueynIai 25 futlesainmaiudulidmasendasnuinnin

M3 | nansrase | seuwan | waWw | % a1 | 9% seu % 159197
(nS3) (u) NaR @) DAMES | WA (nSY)
(ui)
10 309.93 10.49 8,437.11 - - - 10/10
30 1,354.90 11.50 8,183.56 | 337.16% 9.63% -3.01% 30/30
50 1,359.04 11.50 8,177.36 | 338.50% 9.63% -3.08% 50/50
70 1,893.84 10.50 8,334.00 | 511.05% 0.10% -1.22% 70/70
100 2,449.02 10.49 8,331.55 | 690.18% 0.00% -1.26% 71/100

AN5197 4.4 WEANIHANSHUSBULEUNNSANAUANITYINDG189 PSO
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{lof915an15991989 PSO ¥insnaaaulnen1sAmuansviig1veaszu Tag
SIUANIS¥ET 10 30 50 70 uaz 100 ASsmudy WevnisAuiunadildasnuinnisyie,
srdemasionarlunisiuiulneiinisilefiunisvingnann 10 auds 100 nafildavifiugui
690.18 % LazLIABITOUNIINAN Lazndauaziinisdouudasil 3.08% wadlofiarsaiua
99911579 Aszuuldasdiulddinisvinenvesszuuand 10 auds 70 agldnsieudusiuay
mavisuandlifiuinnisindienaazlidiismediasvilfanunsamnouiifigauesssuy ud
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M151991 4.5 kAR SNSRI NgAlAeN15N%191NTENTV09 PSO Fanaibaan

A15vn1seuIUlae IS n1stazvinlalagnisanausnaz ALt laiuTululsaznig

44' = v A =
WAAOUN UAnaIUlUAMTINTRINSIAGEUTIaNAY

PIPEY

11.34 7,148.60

M3 4.5 NAWUNFNIEAIINNTLUIUNIS PSO.

UL 1387(S) s it WA (J)
(m/S) (m/S?)
1(0.613, 0.587, 0) 0.45 26.30 176.09 758.10
2(0.513, 0.587, 0) 0.87 97.07 359.04 734.80
3(0.609, 0, -0.092) 2.11 4.86 7.23 1,200.10
4 (0.709, 0, -0.092) 0.41 0.93 12.23 531.00
5(0.609, 0, -0.092) 0.30 2.21 26.32 542.40
6 (0.424, -0.569, -0.075) 1.98 0.92 1.45 635.40
7(0.524, -0.569, -0.075) 0.49 0.63 7.93 461.80
8 (0.424, -0.569, 0) 0.73 0.76 3.23 308.80
9 (0.0424, -0.569, 0) 0.67 0.56 47.03 566.60
10 (0.424, -0.569, 0) 0.73 0.96 4.07 567.60
11 (0.513, 0.587, 0) 2.60 1.55 2203 842.00

M3 4.6 WARINISWIUTIBUTBINGINURBUAE NN TUSUATIMIN auign

TAen1stY WALA PSO M198¥NN1S¥NIN15ANEIUDINE 191U

nau PSO &3 PSO , AGTIRN
. , ARIZMN s

AU — . NHI9UY

a7(S) | wasaud) | alS) | wasnul) | 381 % o

0
1(0.613, 0.587, 0) 0.30 767.70 0.45 758.1 50% -1.20%
2(0.513, 0.587, 0) 0.30 743.50 0.87 734.80 190% -1.10%
3(0.609, 0, -0.092) 1.00 1,473.20 2.11 1,200.10 111% -18.50%
4 (0.709, 0, -0.092) 0.30 541.60 0.41 531.00 26% -1.80%

5 (0.609, 0, -0.092) 0.30 542.40 0.30 542.40 0% 0%
6 (0.424, -0.569, -0.075) 1.00 916.20 1.98 635.40 98% -30.60%
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nau PSO 784 PSO , NARNY
. , NAH9 .
AU . y AU
L87(S) | waeud) | as) | wasnud) | el %

%

7(0.524, -0.569, -0.075) 0.30 469.40 0.49 461.80 63% -1.60%
8 (0.424, -0.569, 0) 0.30 324.50 0.73 308.80 133% -4.80%
9 (0.0424, -0.569, 0) 1.00 574.70 0.67 566.60 -33% -1.40%
10 (0.424, -0.569, 0) 0.30 600.70 0.73 567.60 143% -0.90%
11 (0.513, 0.587, 0) 1.50 1,201.30 2.60 842.00 73% -30.00%

AGERH 6.60.~|"8155.20. | 1134, | 7,14860 | 718% | -12.30%

p137971 4.6 MIaTBuIiBuna LAy NEIUABULATMAIMSUTUlAY PSO

Mnsafldnnsisufisunslindanuiay nafildannismeafivanzaulag
PSO Tumsifivasiaan axdinsfisdulunsindaulmiis 11 maedoudt windsnuiiosdodldas
fifevnsfianadlagsinisanasuniigais 30% Weiflsutunaneufiazviimsuiuuss Tnonasmd
16 anunsaannslimdaanusin 8,155.20 gaidlu 7,148.6 gandssuanas 12.3% luvaiziinan
\Reuiivianunfiamu 71.8% 910 6.60 18y 11.30 Juni

RnnsYiugeiasnsmIAfianzansismaia PSO ngilundierinnns
finnsaniminzanagliannnisuuss usdedinnudosnisfiasyinsiuasuulasluuives
SOUNTNANTBINTFUAUNMTIZFDINTUNTEUILNTTIINIsAulmiynassden smadndain
wafia PSO lulrarassagldinaniiuiu wulunisfnwidldiaaiszana 1,680 Juritluns
ﬁ’]mmé’wﬂamﬁaLmaﬁi‘iuu,m'a:ﬁaum'ﬁﬁflmumslumiﬁ'mm%aeﬂua’]anﬁﬁmamﬁulﬁmmmhjag
praogsnlunisfagsionihmamailnaimnadiisdu nsthdeyaidudnuasiidugeluusios
Hranamhmsduuliteyaiimuseidestunniiweananazsilrideyaannsaldauliesn
FanSiluanen1sndnese

Tasseuszamitoasgniunldiierinmssuaaiidesnisinenisimunidy
wiaztnalagFuanaimigadiimualiluauiiiungefiazvhaulalaefmunlian
yinawesAUIAog 1 Funiluisaztiauazyinisld PSO tilevinmsmnadndluusaztadlasnis
fuadTisniiande 12.00 Fundl uazsitan 5.00 Junit tnedeyaildasnuindelfinaminiy
AT LarATILIEAnAsANA TRy

M3l 4.7 wansiedeyadivesndsnuiafigalusiaziaanailagimaia PSO ieldy

Jayanldlunsineusuaseiigusyamiiiey
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Path Path Path Path Path Path Path Path Path Path Path ol
Tngsan
1 2 3 4 5 6 7 8 9 10 11 (S)
| 0.45 0.87 2.11 0.41 0.30 1.98 0.49 0.73 0.67 0.73 2.60 11.34
A7 26.30 97.07 4.86 0.93 221 0.92 0.63 0.76 0.56 0.96 1.55
ALY 176.09 359.04 7.23 12.23 26.32 1.45 7.93 3.23 47.03 4.07 2.73
| 0.67 0.83 1.88 0.30 0.30 1.85 0.83 0.35 0.47 0.43 2.17 10.09
A7 18.81 104.94 5.44 1.25 221 0.98 0.36 1.67 0.79 1.73 1.87
ALY 94.05 413.06 9.09 26.32 26.32 1.63 2.66 14.70 88.05 12.85 4.01
ek} 0.53 0.45 1.82 0.43 0.34 1.98 0.51 0.46 0.57 0.47 1.70 9.26
A7 22.80 183.64 5.62 0.93 2.00 0.92 0.55 1.25 0.63 1.57 2.37
ALY 142.50 1232.7 9.70 12.20 17.60 1.40 6.40 8.40 57.70 10.50 6.40
| 0.61 0.52 1.78 0.32 0.30 1.30 0.43 0.43 0.37 0.47 1.72 8.25
A7 21.04 159.23 5.79 B 2.21 1.40 0.69 1.37 1.05 1.57 2.37
ALY 11541 997.56 10.26 26.32 26.32 3.36 9.66 10.20 154.60 10.54 6.41
| 0.36 0.44 1.45 0.30 0.30 1.3 0.46 0.30 0.42 0.30 1.44 7.13
A7 35.06 201.39 7.18 1.25 Vap! 1.2 0.63 1.84 0.86 232 2.84
ALY 309.20 1502.00 15.80 26.30 26.30 3.10 7.90 21.90 107.30 27.60 9.20
ek} 0.39 0.65 0.96 0.30 0.30 1.00 0.42 0.46 0.52 0.35 0.97 6.34
A7 35.06 131.36 10.51 ) 2.21 1.89 0.69 5 0.68 2.10 4.16
ALY 309.19 658.36 33.90 26.32 26.32 6.09 9.66 8.37 71.25 18.51 19.81
ek} 0.45 0.39 1.00 0.30 0.32 0.99 0.30 0.34 0.31 0.37 0.98 5.76
A5 26.30 244.85 Towrt P 71 1.89 29 1.67 1.16 2.10 4.16
AT 176.10 2164.30 33.90 26.30 26.30 6.10 20.80 14.70 230.80 18.50 19.80
ek} 0.30 0.30 0.84 0.30 0.30 0.74 0.30 0.30 0.30 0.33 0.93 4.94
A5 38.78 270.79 11.89 1.25 221 2.46 0.93 1.84 1.16 232 4.45
ALY 461.60 3231.40 43.90 26.30 26.30 10.50 20.80 21.90 230.80 27.60 22.40

M1591 4.7 JagadwiuinaeuaievigUsraminey
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An application of lean automation: a case study of
Thailand’s control cable manufacturing
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Abstract— This article proposes an application of lean and
automated system to improve the efficiency, productivity and
reduce the waste in Thailand’s control cable manufacturing
process for the automotive industry. By improving the 7 wastes
in process and reducing the process flow by automating the
process integration process to achieve continuous flow. As results
indicated, the proposed system can reduce the inventory parts of
the process to 0, the cycle time of the process by 61.25%, and the
operation distance by 75%.

Keywords— lean manufacturing, lean automation, value
stream mapping.

I. INTRODUCTION

In 2016, Thailand was expected to be the world's 13™ largest
automobile manufacturing with an export value of the product
more than 9.2 billion Baht, accounting for 12 percent of total
exports of Thailand products [1]. Control cable is one of the
most automotive components with a value of more than 2
billion Baht per year. Although the development of
automation was applied to many manufacturings; however,
there are still many manual processes in this type of
manufacturing because of the nature of the product assembly.
There is more than 2 meters long of the cable which can be
categorized as a specialized manufacturing with very few
companies suceeding. In addition, it is not easy to apply the
automation to the production processes which each process
has many parts to be assembled.

Lean manufacturing is a concept or philosophy that integrates
the identification and elimination of waste. In addition,
something that does not add value to the process and the
product, based on the needs of the customer, is also considered
to be eliminated. By formulating the pulling system in the
process, a continuous flow of the process can be achieved.
This causes the continuous improvement processes to
maximize the added value to the processes and products.
Elimination of waste in the production process is an important
goal of lean manufacturing. In this scheme, waste causes the
cost or increasing time of the production. The seven wastes
aimed to be reduced in lean management system are as
follows [13]: over production, waiting, transportation, over-
processing, inventory, in contrary, and defects.

In general, robots does not have any dominant role in lean
strategy; however, due to the repeatability of robots, fast

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

speed, high accuracy and flexibility, automated devices
including robots, are becoming a major component of lean
manufacturing and cost reduction [2]. In the production
process, the increasing of capabilities and repeatability of the
entired system using robots is oftenly used to support and
improve the lean manufacturing process. In the other words,
robots can help to increase productivity, reduce the waiting
times, and improve the accuracy, flexibility. In addition,
machines including robots can be programmed for
maximizing performance and solve the problem of "human
variant" to ensure that the system is performing consistently.
Many researchers attempted to apply the lean system for
various manufacturings. Lean Automation Kaizen can also
help to reduce non-value added activities. Ultimately, by
combining both Lean's philosophy and automation, the Lean
Automation's new philosophy can be a powerful automated
production line [3]. Juthamas et. al. proposed the reduction of
the non-value-added activities decreasing from 6,582 to 2,468
seconds or 62.5%. The value added activities decreased from
1,086 activities to 261 activities or 66.53%. In [5], the cellular
manufacturing proved that lean was a viable and cost-
effective, economical method in the use of machinery. The
corresponding solution used a number of basic machines
adapted to the task of the appropriate device [5]. It was
believed that the use of the Lean concept allows organizations
to design this process easily which are important for cell
design. In [6], the Lean was applied to reduce the overtime to
$1,764 per year. Yasuhiko et. al. [7] showed that the lobal
environmental issues and the advancement of information
technology have led to an accelerated evolution in industrial
products and increasingly intense international competition.
Under one circumstance, one of the company's most important
problems is to make the production system adapt to changes in
the market. They applied the "Lean Automation" which is
based on the concept of "lean manufacturing" developed for
human-based production systems and focused on the low
power consumption of the MUDA mechanism at the device
rather than the station level and devise ways to increase the
overall utilization rate of the device. This method applied to
the assembly system of an electronic engine control unit to
demonstrate efficiency in system cost reduction [7].

Since the early 1990s, after the end of the era of integrated
computer-aided manufacturing (CIM), Lean's application
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successes have been gained more attention due to its high
efficiency by reducing the dependency. Industry 4.0 describes
the vision of future production; however, many people are at
least skeptical or unfriendly towards this new approach. This
article provides an overview on the existing combinations of
lean manufacturing technology and automation called Lean
Automation and links to the Lean proven methods. It is a
smart watch to support the principle of Andon or Cyber

Physical Systems (CPS) to schedule flexible production [14].
In addition, this paper proposes the study of the lean
management system for the inner cable manufacturing
focusing on the cutting, end forming, diecasting, and
inspection processes.

II. LEAN MANAGEMENT SYSTEMS

For non value - added activities, first of all, the preparation of
a VSM of automation cell, which may give us a perspective on
what is going on in the cell, what activities are worthwhile,
which parts of them are not worthwhile, and help reduce
losses is carried out. In addition, having visible indicators such
as “Andon” allows the cell to attract attention in value-added
activities. But it is simple. VSM monitoring may be more
useful. Anything that could increase the capacity of the cell to
reduce non-value-added activities is considered to simplify the
process. One production process is another one that can make
the cell more efficient. The wastes attempted to be eliminated
are as follows:

1. Over Production: To produce the finish goods is over the
demands from customer or made a stock to long time. From
the original idea of production that each stage must be produce
as many works as possible. In a order to achieve the
lowestcost per unit, regardless of the number of work in
process (WIP) in the process.

2. Waiting: Loss from machine or employees stop working
because they have to wait raw materials ,wait for machinery
failure ,Wait for unbalanced production process, waiting for
change of production model.

3. Transportation: Transportation it’s does not value added to
the products. Therefore, it is necessary to control and reduce
the transportation distance to shorter.

4, Over-Processing: The process that work repeatedly in
multiple stages and process that does not improve the quality
of the product. Such a inspection process. These processes are
not necessary because they are non value added the process.

5. Inventory: Buy a material big lot to ensure that materials are
always available to production for get a discount from the
supplier. As a result, the material in the warehouse it’s over
demand. It is a burdensome to care and management.

6. Motion: Normal over movement can see in the factory.
Moving objects without using the right tools and don’t follow
a standard work. Cause the movement is not the same
throughout the production period. That effect to quality of the
product to down.

7. Defects: When the defect it’s produce from a process. Loss
from defect it’s come from rework and scrap.

From the lean way ,Use step follow to improve process.

1. Walk in production site to check the current state of the
production line, identify and put the process of each step and
identify wastes from production and draw value stream
mapping.

2. Improvement the process by reduce wastes.

3. Made future state value stream mapping.

4. Summarize the results.

[II. EXPERIMENTS AND RESULTS

Based on the Lean manufacturing system, the following issues
describe the details of each step including the results.

A. Current state survey

At this stage, the study of the manufacturing process was
investigated. The seven sources of waste generated in the
production process by Using a flow chart of the whole process
to know where all the processes we are interested in, where
the bottleneck is, what is the efficiency of the machine. Then
study in details at each stage. using a flow chart of each
process and the data of defects in the production process to
reduce wastage from defects in the production process in Inner
Cable manufacturing process. As shown in our study in Fig. 1,
it was found that the lead time used in the production was 6.7
days because of the large amount of inventory stored in each
process. Total cycle time (TCT) is 49.22 seconds and the cycle
time (CT) in each process was unbalanced. In some processes,
there is 61.5% difference between maximum and minimum
sub-processes. There is a waste of 1500 ppm (parts per
million), which makes low efficiency. Finally, there are 4
persons for operating the process.

As seen in Fig. 1, there are 4 important steps to manufactured
the inner cable those are cutting, end forming, diecasting, and
inspection processes.

B. Process analysis

Reducing waste from the inventory and bottom neck process
is the main proposed of this study. Based on the study and
analysis as shown in Fig. 2, the process has inventory process
delays of 4.3 working days, which causes from inner cables
process 1.7 working days and the die casting process 2.6
working days. By designing the new machine, cutting and
forming machine for inner cable, the improvement of the flow
of work from 400 pieces per flow to “One Piece Flow” to
reduce the inventory delay in the process and reduce the
number of the operators from 4 to 0.
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Fig. 2 The future process by adding new automatic machine.

C. Process improvement

Based on a 1 year history of production, it is estimated that
there are about 1500 ppm of waste in the production process.
All wastes are caused by the faulty work pieces and the
clamping process in each process. The defects caused by the
Cutting process through 300 PPM, Die Casting 550 PPM, and
De-Burr 650 PPM and all causes are from the mistakes of the
operators. The improvement is expected to reduce the waste

from 1500 to 100 PPM by using the autonomous machine. As
shown in Fig. 3, the current flow is 0-1-2-3-4-5 (brown circle)
while the future improved flow will be 0-1 (violet circle). The
process distance are decreased from 100 to 25 meters and the
cycle time of the production is reduced from 190.08 to 16.92
seconds.The sub process and the cycle time are reduced as
shown in Fig. 4. The sub-processes or steps of the production
is also reduced from 10 to 6 steps. This leads to the increasing
of productivity of the production.
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Table 1 conclusion of the process improvement

Inner wire process

| No. | Inner wire
Material stock move to ICM 16.32 4 Hr__|Material stock move to ICM 16.32
Inner cutting and end 18.76 Inner cutting and end formming 16.80

iformin nd die cast and triming
4 Hr_ [Stock store 15.43

il
2
3 |ICM Move to Stock store 34.
IStock store Move to Die
4 lcasting ZG.B l»ssembly Boot and Cover 15.45
5 |Die-casting 7 T 20.36 Inspection 2.27
6 _[Trimming 7.83 Move to Stock store FG 16.92
7  |Stock store 31.86 2Hr
8 |Assembly Boot and Cover 15.44
9 _|Inspection 2.27
10 |Move to Stock store FG 1692 _|1-2day
Total 190.08

Fig. 4 Cycle time and delay time expected to the improvement

IV. CONCLUSIONS

By adopting a lean approach and lean automation using
process mergers for the inner cable production line, using the
new automation machine instead of human operation, the
reduction of wastes and increasing of productivity displayed in
Table 1 can be expected. Based on the conclusion in Table 1,
it can be seen that from the improvement can be gained from
the concept of process integration. In addition, the design of
new autonomous machine makes the optimal integration of
processes.
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M Description | Current New (Future) | Difference or
aeliad 10000000 operation operation improvement
R o Cycle Time 16.95 Sec 16.80 Sec | 30.1556c,

— 64.21%
= ol
Operator 3 0 3, 100.00%
E
£ Productivity 38.34 Pcs 214.29 Pcs >100 %
/ManHr
Process 100 meters 25 meters 75 meters
distance
Fig. 3 process improvement
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Remote Sensing to Minimize Energy Consumption of Six-axis
Robot Arm Using Particle Swarm Optimization
and Artificial Neural Network to Control Changes in Real Time
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We propose a new method for the analysis and design of a robotic system that minimizes
the energy consumption of a six-axis robot arm by controlling the velocity and acceleration of
each arm of the robot to achieve the specified trajectory of the robot determined from a lean
manufacturing method. A dynamic model of the PUMA 560 robot has been simulated on
MATLAB, while the Robotics Toolbox and particle swarm optimization (PSO) are utilized
to search for optimal paths and the optimal velocity and acceleration of the robot arms. The
optimal velocity and acceleration are described as those giving minimum overall energy
consumption constrained by a specified cycle time of the entire robotic system. Typically, the
picking and placing of materials are carried out by humans, causing a variation in production
rate, whereas our system using a robot arm ensures a stable production rate. Moreover, the
optimal results obtained from PSO are adopted to train an artificial neural network (ANN)
to extend the design system from discrete optimal values to a continuous and near-optimal
value. In other words, the ANN is used to obtain an approximate optimal value between those
obtained from PSO to make the system applicable to a real-world system. As shown by the
simulation results, this'method reduces the energy consumption of 12.3% from the initial energy
and reduces the time for optimization by 99.8% compared with that for the PSO technique.

1. Introduction

Lean manufacturing techniques are used to improve the production process in factories. The
improvement yields the most optimal time of the production process? in terms of motion and
production layout. To serve industry 4.0, the proposed method remotely controls the production
parameters continuously, considering the time, cost, transportation cost, safety, and reliability.
This system minimizes the amounts of all materials in the supply chain and reduces labor
costs.®~7 Remote sensing has a number of applications such as detecting the temperature of
electromagnetic compatibility (EMC) on aerospace platforms,(s) wireless remote control to send
data to a server for processing,(g) and using a smartphone as a mobile gateway to send data from
a sensor to a server for processing.'%
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However, current production employs industrial robot (IR) arms for many tasks where the
speed can be remotely controlled from anywhere. When using many robotic arms, energy must
be considered because the energy cost is one of the main production costs. The total energy
consumption in the industrial sector is 37% of the total energy consumption in the world.(!V
The automotive industry is one of the largest industries in the world. In the automotive
industry, the energy consumption by IRs in the production line is about 8% of the total energy
consumption(m and the proportion is likely to increase in the future. The energy consumption
of robots is of interest because it is a direct cost of business. For the above reasons, research
and development to reduce the energy consumption of IR is important.

Many studies have been performed on hardware such as the type of robot arm that should be
selected by considering energy consumption(m or electric energy loss from materials."* There
have also been many studies on software. For example, research on choosing the trajectory of
a robot arm found that a parabolic trajectory can achieve the lowest energy consumption.
The trajectory of a robot arm can be controlled by the working cycle time of the robot arm
to optimize the use of energy.(lé_zz) There have been many attempts to control the trajectory
and time from the last working point to the home point of a robot arm in accordance with the
standard cycle time with the aim of reducing time and energy consumption.*># In addition
to controlling the time and movement path, the results of research on controlling the speed,
acceleration, and forque of a motor can also be used to optimize the time for which robot moves. 29
Various algorithms for obtaining an optimal condition related to a robot arm have been
developed. Particle swarm optimization (PSO) is one of the algorithms used to find optimized
values. There are a variety of applications of PSO. One example is the optimal scheduling of
the production of thin-film transistors (TFTs), with production capacity allocated by finding the
most appropriate production sequence and resolving the bottlenecks of the process occurring in
normal production planning?’2% PSO can be used for the path planning of mobile robots to
decide complex paths, such as the paths of 10 mobile robots moving around obstacles.®?

To adjust the conditions to respond to changes, neural networks can be used to find
continuous data for rapid adjustment, for example, when designing an application to calculate
energy efficiency in home appliances®? and industry.®> They have also been used to design
wind turbines on a farm®® and to predict motor trouble to reduce the energy loss resulting from
the low efficiency of faulty motors.®>

In industry 4.0, industries will be integrated with the production world owing to network
connectivity in the form of the Internet of Things (IoT), which will connect all devices in the
production system. A network system will be able to communicate and exchange information
from anywhere at any time. As an advantage of industry 4.0, customers should be able to
place orders in an application via a phone or computer to control the production cycle time
from anywhere. However, a remote-control system for IR to operate at the required time while
maintaining the lowest energy consumption has not yet been found. In response to this problem
we present a system of remote sensing for controlling a robot arm that can also minimize energy
consumption.
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2. Modeling of Energy Consumption

For the production system to receive information about customer requirements, the customer
must enter the number of required pieces into the system. The quantity of the product required
by the customer can be converted to the maximum TackTime of production by

TockTime — Working Time ' o
Demand

In Eq. (1), TackTime is the maximum time required for the system to control the speed of
the production line. This time is used to determine the speed and acceleration appropriate for
movement while using the minimum energy to control the movement of a robot arm. Normally,
the production line is designed by the lean manufacturing technique, which focuses on reducing
all waste in a production line. However, the energy consumption is not typically considered
in the design. Therefore, the energy consumption must be considered in the dynamics of the
robot arm, which is determined by the angular coordinates of the robot arm shown in Fig. 1.
The movement path can be applied to simulate the trajectory of a robot in a current production
system or in the development of a new system.

In each operation, the sum of the energy must be calculated for each path. The energy
consumption for the operation is a nonlinear function of the execution time. The same robot
also consumes energy while idling after the completion of the operation.

The study of the robot energy is necessary to develop the dynamics of the robot model. A
dynamic equation describes the relationship between force and movement. It is important to
consider the equation for movement in robot design, including by simulation, to develop an
algorithm for control. There are many ways to formulate a dynamic equation of a robot arm.
The equation incorporates the force, torque, speed, acceleration, and position.

The torque equation can be expressed as follows, where ¢ is the resulting angle, ¢ is speed,
and ¢ is acceleration, while the torque must be on the trajectory.

R: -0.000
P: 0.000
Y: -0.000
N
J o

48428482
| H
LU L

Fig. 1. (Color online) Simulation model of PUMA 560.
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M(q)i+C(q,q)qg+glq)+7,=T. ()

The total energy consumption of the path is given by the integral of the absolute value of the
product of torque and speed. The power consumed by the robot at any given instance of time is
given by

P=|rg|. 3)

Thus, the total energy consumption is
E=| |rq|dr. 4)

Energy can be calculated from the torque and time. Obviously, the energy consumption is
related to the speed and acceleration of the robot arm movement, which means that reducing the
speed and acceleration can reduce energy consumption.

The study shows that the PSO algorithm can find the optimal solution to most
equations, then an appropriate result can be obtained by tuning the obtained solution. The
process can obtain the result by considering the following equation:

E :_[i[(M(q)QerC(q,f?)qug(q)Jr 7)) % g[ xdt . 5)

From this equation, the energy in joules can be calculated and used as a fitness value in PSO
optimization, the flow chart for which is shown in Fig. 2.

The PSO technique can find only one optimal value. In this paper, we propose the use of
neural network techniques to find the velocity and acceleration in every period.

As shown in Fig. 3, in the artificial neural network (ANN), all nodes in the input layer send
signals to all nodes in the first hidden laver, and all nodes in the first hidden layer send signals
to all nodes in the next layer. This is performed until all nodes in the last hidden layer send
signals to the nodes in the output layer. The results from such processing will be the output
values. Therefore, the values obtained from the ANN will provide the speed and acceleration
required in every period to control the robot so that it uses energy efficiently.

3. Case Study of Energy Optimization

For industry 4.0, it is necessary to adjust conditions for production in real time. Therefore,
we propose the design of a system able to receive a work order from a mobile application and to
send data to the production line as shown in Fig. 4.

To adjust the speed and acceleration to reduce energy use in the production system, the
program simulation applies a PUMA 560 robot with the D—H parameters in Table 1. Figure 5
shows the dimensions of the robot.
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Fig. 2.
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l Order ‘ ‘I Mobile |*| Cloud ‘ B Control | §| Robot |’_0ut Put ‘

Fig. 4. (Color online) System diagram for robot remote control.

Table 1 WAIST ﬁOTON w0
D-H parameters of PUMA 560.
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Fig. 5. Dimensions of PUMA 560.
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Fig. 6. (Color online) Graph showing relationship between energy consumption and time.

In the simulation of the relationship between energy consumption and time, the robot moves
from point A to point B and the distance between points A and B is set to 100 mm on the X-axis.
The starting time of this path is 0.15 s and the energy consumed by the robot arm is measured
at intervals of 0.1 s up to 5 s. Figure 6 shows the result of the simulation with the same distance
between A and B but different total times of the trajectory. Lower energy consumption is
obtained for longer times, which can be achieved when moving, i.e., when the robot arm moves
slowly. The energy consumption can be reduced because the cycle time of each process does
not need to change with the minimum cycle time. This is because the robot arm has a waiting
time before the next cycle.

The study of the robot to reduce its energy consumption is performed by finding the suitable
time, velocity, and acceleration of the moving robot. The initial time of the total trajectory is set
to 6.60 s with a maximum time of the trajectory of 12.09 s to compare the decrease in energy
consumption.
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Figure 7 shows the layout of a process and Figs. 8 and 9 show movement in the simulation
and the parameters of PSO with a particle size of 25, 100 iterations, and velocities of 0.3 to 1.0
simulated by MATLAB. The energy from the initial time is presented in Table 2. The data
used for training in the neural network simulation obtained from PSO with a period of 1 s are
shown in Table 3.

oy
|
60 .| \
a3
80
, \
400 | — .
1000 N
N WA . —
000 :00_“ T 600 700 800
Fig. 7. ~ (Color online) Layout of simulation. Fig. 8. - (Color online) Path used in simulation.

Home Position 1 Station 2 Station Last Station

Fig. 9. (Color online) Position of the robot arm when moving to different positions.

Table 2

Position of end effector and energy from the initial time.

Path Time Velocity Acc. Energy
1(0.613, 0.587, 0) 0.30 38.78 461.60 767.70
2(0.513,0.587,0) 0.30 270.79 3231.40 743.50
3(0.609, 0, —0.092) 1.00 10.51 33.90 1473.20
4(0.709, 0, —0.092) 0.30 1.25 26.30 541.60
5(0.609, 0, —0.092) 0.30 2.21 26.30 542.40
6 (0.424, —0.569, —0.075) 1.00 1.89 6.10 916.20
7 (0.524, —0.569, —0.075) 0.30 0.93 20.80 469.40
8(0.424, —0.569, 0) 0.30 1.84 21.90 324.50
9 (0.0424, —0.569, 0) 1.00 0.37 19.80 574.70
10 (0.424, —0.569, 0) 0.30 2.32 27.60 600.70
11 (0.513, 0.587, 0) 1.50 2.74 8.50 1201.30

Total 6.60 — — 8155.20
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Table 3
Data used to train neural network.

Path Path Path Path Path Path Path Path Path Path Path :;?:2

1 2 3 4 5 6 7 8 9 10 11
Time 0.45 0.87 211 0.41 0.30 1.98 0.49 0.73 0.67 0.73 2.60 11.34
Velocity 26.30 97.07 4.86 0.93 2.21 0.92 0.63 0.76 0.56 0.96 1.55
Acc. 176.09 359.04 7.23 12.23 26.32 1.45 7.93 3.23 47.03 4.07 2.73
Time 0.67 0.83 1.88 0.30 0.30 1.85 0.83 0.35 0.47 0.43 217 10.09
Velocity 18.81 104.94 544 1.25 2.21 0.98 0.36 1.67 0.79 1.73 1.87
Acc. 94.05 413.06 9.09 26.32 26.32 1.63 2.66 14.70 88.05 12.85 4.01
Time 0.53 0.45 1.82 0.43 0.34 1.98 0.51 0.46 0.57 0.47 1.70 9.26
Velocity 22.80 183.64 5.62 0.93 2.00 0.92 0.55 1.25 0.63 1.57 2.37
Acc. 142.50 1232.70 9.70 12.20 17.60 1.40 6.40 8.40 57.70 10.50 6.40
Time 0.61 0.52 1.78 0.32 0.30 1.30 0.43 0.43 0.37 0.47 1.72 8.25
Velocity 21.04 159.23 5.79 1.25 2.21 1.40 0.69 1.37 1.05 1.57 2.37
Acc. 11541 997.56 10.26  26.32 26.32 3.36 9.66 10.20 154.60 10.54 6.41
Time 0.36 0.44 1.45 0.30 0.30 1.35 0.46 0.30 0.42 0.30 1.44 7.13
Velocity 35.06  201.39 7.18 1.B5 A2T 1.35 0.63 1.84 0.86 2.32 2.84
Acc. 309.20 1502.00 1580 26.30 26.30 3.10 7.90 21.90. 107.30 27.60 9.20
Time 0.39 0.65 096 0.30 0.30 1.00 0.42 0.46 0.52 0.35 0.97 6.34
Velocity 35.06 131.36 10.51 s 2.21 1.89 0.69 1.25 0.68 2.10 4.16
Acc. 309.19 658.36 33.90 26.32 26.32 6.09 9.66 8.37 F1.25 18.51 19.81
Time 0.45 0.39 1.00 0.30 0.32 0.99 0.30 0.34 0.31 0.37 0.98 5.76
Velocity 26.30244.85 10.51 1.25 2.21 1.89 0.93 1.67 1.16 2.10 4.16
Acc. 176.10 .2164.30 3390 26.30  26.30 6.10 20.80 1470 230.80 18.50 19.80
Time 0.30 Q.30 0.84 0.30 0.30 0.74 0.30 0.30 0.30 0.33 0.93 494
Velocity 38.78 - 270.79 11.89 1R85 2.21 2.46 0.93 1.84 1.16 2.32 4.45
Acc. 461.60 323140 43.90 26.30 - 26.30 10.50 - 20.80 21.90 " 230.80 27.60 22.40
Training: R=1 Test: R=0.99878 All: R=0.99538

< 250 5 250 2250 | [0 Bam
& ? f-_' —Fit
I %60 '§,200 g 400 | L0 b T,
- 1=
EI’% 150 LE 150 :r—° 150
£ g 3
100 T 100 ? 100
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® - 7
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Fig. 10. (Color online) Regression between actual output and the output obtained by the proposed neural network.

Figure 10 shows the lines of best fit between the actual output and the output obtained with

the proposed neural network. The correlation coefficient R between the actual output and the
training result was 1 and that between the training result and the actual data was 0.9988. The
system calculates the speed, acceleration, and energy of the most suitable movements of the

robotic arm.
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4. Results

MATLAB is applied to optimize the energy consumption resulting from moving the robot
arm. Figure 11 shows the number of iterations with different fitness values. Table 4 shows the
minimum energy consumption obtained by PSO. This method reduces energy consumption
from 8155.20 to 7148.6 I, a decrease of 12.3%.
increased by 71.8% from 6.60 to 11.34 s.

After applying an ANN, the data obtained from PSO creates continuous data of angular
velocity and acceleration (Fig. 12). To minimize the energy consumed by the robot arm, the
ANN provides the acceleration and speed for different cycle times.

When entering the cycle time into the system, the system correctly calculated the speed and
acceleration. The time required by the PSO technique to obtain the optimal value was 1690.80 s
in addition to the 2 s required by the neural network. This means that the time will be reduced

On the other hand, the total moving time is

significantly when an order is entered from a remote controller.

Table 4

Minimum energy consumption obtained from PSO.

Edih\ % /2% Time Velocity Acc. Energy
1(0.613, 0.587, 0) 045 26.30 176.09  758.10
2 (0.513, 0.587, 0) 0.87 97.07 350.04  734.80
3 (0.609, 0, —0.092) DTl 4.86 7.23  1200.10
4 (0.709, 0, —0.092) 041 0.93 12.23 531.00
5(0.609, 0, =0.092) 030 © 2.21 26.32 542.40
6 (0.424, —0.569, —0.075) 1.98 0.92 1.45 635.40
7(0.524,-0.569, —0.075) = 0.49 0.63 7.93  461.80
8(0.424,-0.569, 0) 0.73 0.76 323  308.80
9 (0.0424, —0.569, 0) 0.67 0.56 47.03  566.60
10 (0.424,-0.569, 0) 0.73 0.96 407  567.60
Fig. 11. (Color online) Number of iterations with 11 (0.513,0.587. 0) 2.60(0 ~1.55 273 842.00
different fitness values. Total S 11.38y - 7148.60
200 Anl'ngular Veioiity \'rirsus CyileIiTe 500 Aﬂglular A . . versus Cycle Time
250 N
—" :
® 200 2
g 22000 [
%"50 r % 1500
£ 100 2 Wi
2 & ;
< 3 500 Y
E i -
ot < » < g i
. st 0 & —o—p= —& —t———c
0 = 8 -500 : :
4 5 6 7 8 9 10 1 12 4 5 6 7 8 9 10 11 12
Cycle Time (s) Cycle Time (s}
(@ (b)

Fig. 12. (Color online) Continuous data of (a) velocity and (b) acceleration obtained from the neural network.
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5. Conclusion

Because of the widespread use of robot arms in industry, the cost of the energy consumed
by them is significant. We present a new method of remote control to adjust production in
real time by using energy optimization techniques to maximize the efficiency of remote-
control production orders. By applying IoT technology, our method can control a robot arm
by adjusting its speed while minimizing its energy consumption. Our method can be applied
to smart factories to obtain the most effective time and minimize energy consumption when
receiving orders from a distance.
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Abstract

Energy is a manufacturing cost. Most of production engineers must be consider the production at
lowest cost, which develops the production system in industrial plants. Lean manufacturing system is a
popular application in industry for improvement production line from manufacturing by humans to
automatics system with robot arm. But it is not yet updated in terms of the overall energy consumption of
the production line. This article introduces how to optimization a robot energy. After determining the
movement of the robot by lean manufacturing method. The Energy equation used for robot is the fitness
function. The parameters of function are the start and end points. The optimum power and minimum energy
consumption of robot is determined by the particle swarm optimization. Swarm Optimization targets to
reduce energy consumption by controlling the speed and overall acceleration of the system. A sample robot
production system will indicate that there is a possibility to have a reduction in comparison of the energy
consumption compared to the normal method.

Keywords: lean manufacturing, PSO, optimal energy, energy of robot
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1. Introduction

Today, the world is changing rapidly growing, and the latest approach is to focus on the innovation
and modern technology in things around the world. To develop the production of modern industries, it
combines 2 production technic system lean and Automation. We call 'Lean Automation' can improve an
efficient of production line. [1] Basically, robots do not play a remarkable role in lean strategy. However,
robot can work high speed, high accuracy and flexibility the role of robots in lean manufacturing
applications, including robots, is becoming a main component in lean manufacturing and reducing
production costs. [2]

Using a robot to increase production performance with a robot when a Lean application has no need
to work at its highest speed, as it is controlled by the Cycle time. Cycle time of some machinery has over
cycle time of robot movement, it is necessary to observe energy due to Energy is a cost that the industry
must consider, because in addition to the machines, the increased energy will come from using the robot
because energy will have a rising price all the time in the future.

Reducing energy consumption from production is an integral part of the effort to reduce the cost of
production, because the energy price trends will increase always. [3] due to the increase in population, the
reduction of fossil fuels and increased pollution. Creating Sustainable energy sustainability Energy
sustainability for production systems has become a key area for the research and vision of many company
due to its cost and market demand, due to the current technology limitation, has greatly wasted energy
during production processes such as loss of energy to the environment, reducing these losses can be made
by developing new energy-saving equipment. Improvement in production quality with reduced loss rate.
However, power consumption can also be reduced. Consider how to use energy appropriately.

Considering the trajectory placement of the robot. The robot's movement planning is largely
determined by considering the only time that robot uses it. Regardless of the speed and acceleration of the
robot. Make the robot use more energy than necessary and stop waiting.

Using a method that will optimize the process of finding the most suitable value there are several
types of algorithms, but in the past few years has developed several algorithms for the optimization of
various issues related to finding the value of robot applications. The aim of the enhancement technique is
to find solutions that represent the most appropriate global or lowest solutions in a properly defined solution
domain, which means finding a good solution. The best of those solutions is possible for considering the
problem, such as using PSO in solving problems in production planning, to help allocate capacity, solve the
order of production, troubleshoot route bottlenecks compared to a regular plan. A result is faster, high
accurate [4,5,6,7] and easy to use for plan complex robot movements, such as the path planning of mobile
robot 10 units movement pass through the obstacles, which can be used to solve problems of mobile robot
planning [8].

There are many research literatures comparing the algorithm of evolution algorithms to solve some
difficult enhancements in many domains. Comparisons are often made indirectly because many researchers
use different troubleshooting guidelines together with local search. Therefore, it is not clear that a part of
the performance of the algorithm comes from the evolution algorithm or by local search. This comparison
is more comprehensive when the solution is active compared to the same solution and the number of equal
function estimates [9].

The study of work has compared these techniques, such as about the time to learn, PSO and g-
learning, with non-consecutive conditions, must take on all evaluations combined for a single robot. Both
techniques can provide an answer in less than 10000 seconds, but in the work of g-learning, it takes more
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time than PSO in which the value will track into the final response and PSO to get better Fitness function.
The PSO is significantly down due to the dispersion characteristics of the [10] algorithm, or the design of
the “backstepping” control to track the purpose of the nonlinear system, due to the controller's performance,
depending on the value of the parameter to the search process. Gravity find (GSA) and optimizing the
particle-processing technique (PSO) used to optimize these parameters to obtain the performance of
predefined system performance will be evaluated according to tracking errors between the system and the
output data.

Particle Swarm optimization (PSO) and gravitational search algorithm (GSA) is a tool to optimize

the parameters of the control. The simulation results show that the combination of PSO better GSA
performance shows that PSO cause a smooth response error. With less tracking errors compared to GSA,
the designed controller strength has been tested by providing various types of noise [11]
The researchers therefore attention to the PSO technique due to consideration. The technical comparison
techniques such as PSO compare GA, GSA and g-learning. Find that PSO has a superior feature over GA,
GSA and g-learning, by PSO, can find the best current results and the best results from the past to the
present. Data sharing allows each particle to use to calculate the direction of movement, which differs from
GA, GSA and g-learning are dividing the data of the position between populations in a limited scope,
making the calculation speed to get the results of PSO a speed greater than [12,13] and providing a level of
confidence higher than GA [14].

In this research, it considers the use of the robot's energy related to the scheduled implementation,
which allows the use of energy as an optimization criterion for finding a good moment. It can best allocate
time to work in each stage correctly and set the speed and acceleration in each of the most energy-efficient
work sequences possible.

2. Scheduling of Energy Consumption by PSO

The proposed method requires power as a variable only during the operating time. This is done by
post-processing of previously defined robots. The power consumption will allow the debug to adjust the
operating time, which will be used to power the system. Minimal energy will help the program to correct
speed and acceleration. This method does not modify the current environment. For example, trajectory of
robots. Because they want to use current resources without new investment, means that the recommended
approach can be used to optimize the current production system, which will determine all operations and
scheduled.

The work of the robot is determined and studied as a form of motion of the angular coordinates of

the robot joint. This information can be retrieved from a verified virtualization model or a physical system,
so that it can be used on both systems and production systems installed during development.
Each operation must be processed by the sum of energy in each path motion. The power consumption for
the operation is a non-linear function of the execution time. The same robot is also used to obtain the energy
of idle time after the completion of the operation. Entering data into a time format will consist of a series of
energy, operations, and energy consumption.

PSO algorithms is very helpful to find out the answers quickly. By adopting the concept of Inertia
Weight, the aim is to balance and refine global search and local search. In addition, better performance is
obtained if the weight of inertia at different times decreases linearly, instead of constant. Thus, higher inertia
weight means increased variation in speed per recurrence and make a survey of new search areas for better
solutions. However, the smaller inertia weight means less variation in speed, making the change slower in
terms of local search refinement. Therefore, it is better that the search process should begin with a higher
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inertia weight for exploration across. Earth, with a reduced linear inertia weight, to facilitate local
exploration at the later recurrence.
From the equation given for energy E = P x t the dynamic equation of the robot can be transformed.

E =[] Px dt When P = |tg]| (1)
And
M(@)G+C(q,q)q+g(q@ +1,=1 2)
From (1) and (2) Where
E = [ |(M(q)§ + C(q,0)q + g(q) +17) X q| x dt 3)

From equation (3) can be calculated the energy it's call ‘Joule’. It can be used as a fitness value
function of PSO optimization.

3. Result and Discussion Result

In the research to prepare the speed, processing speed and acceleration to save energy in the
production system. To be used as a real program information. Computer simulations performed on 560
puma robots.

When studying the relationship between energy consumption and time from point A to point B, it
is found that when the distance is the same, but there are different times. This is due to the reduce the speed
of the robot into the program speed of the robot. This will result in lower energy consumption when moving
slower. The improvement of the energy by this method is possible because the factory case will work is
done with the cycle time of each process. No need to move at maximum speed because robot has waiting
time to work again.

Process improvement to reduce energy by finding time, velocity, and trajectory of the robot can be
start with the improvement in the process. By combine operation of robots and operator in some processes
by using the concept of lean manufacturing. By surveying and improving a value stream mapping to layout
the production line, Layout of the production process is shown in Fig 1.
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FIGURE 1. Current process layout. FIGURE 2. Improvement process
layout.
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Applied grease with inner 1.85 Applied grease with inner 1.85
Insert inner with mold outer. 3.63 Insert inner with mold outer 3.63

Inner length cutting & End forming 5.48 Inner length cutting & End forming &

Stamping P/No. & DATE on outer 4.57 Stamping P/No. & DATE on outer

Sum 15.53 Sum 12.53

L P2 e L P2 e
Die-casting T-End 6.62 Robot Die-casting T-End & Trimming T-
Grinding T-End 2.53 End 47
Sum 9.15 Sum 6.47
L L Peem3 e
Inspection test confirm length A+B 1.64 Inspection test confirm length A+B 2.64
Final inspection 3.25 Final inspection 5.25
Packing 1.56 Packing 3.56
Sum 6.45 Sum 1145

TABLE 1. Current work element and time. TABLE 2. Improvement work element and time.

By the new production layout, can be compare the process cycles before and after
improvement it's show in table 1,2. After improvement, process 1 will have a cycle time of 12.53
sec. The process 2 have a cycle time of 6.47 sec. The irqg: ss 3 will have a cycle time of 11.45 sec.

FIGURE 3. Robot trajectory of process 2.

FIGURE 4. Test process.

Figure 3 and 4 shows the layout of the process 2, So the trajectory of the robot takes the

total time it takes to produce.
T=Y't By T <TotalCycleTime 4

Where t is the time taken to move each path of the robot from the figure 3 showing the
direction of movement of the robot. This will move all 11 paths in 1 cycle, A bottleneck of the all
process is process 1 cycle time 12.53 sec, but in the process 2 has cycle time at 6.47 sec, which is
the max speed of the robot, causing the robot to use the highest speed and acceleration all the time.
This is because after work, the robot will stop and waiting.

At work, because process 1 is a bottleneck in the production line. In the next process, there
is no need to work faster than the process 1. So, the total time to use for robot trajectory to obtain
Y11t < 12.53. Based on the test, the lay out of the robot has been optimized. Can be defined as

follows table 3.

Path X y z
1 0.71 0.68 0
2 0.61 0.68 0
3 0.60 0 -0.10
4 0.80 0 -0.10
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5 0.70 0 -0.10
6 0.52 -0.66 -0.08
7 0.62 -0.66 -0.08
8 0.52 -0.66 0
9 0.52 -0.76 0
10 0.52 -0.66 0
11 0.61 0.68 0

TABLE 3. Trajectory of process.

From factory engineer determines the movement of the robot due to the characteristics of
the production line being tested and must be determined to avoid obstructions and safety in the
workplace.

From the initial planning from factory engineer the energy consumption from the trajectory
time and velocity according to the table 5. The total energy consumption is 5,733.94 joules.

Path time | velocity | Acc. Energy
1 0.35 | 0.64 7.69 689.47
2 0.35 0.64 7.69 689.47
3 0.59 1.55 5.02 277.00
4 0.31 0.22 2.62 689.47
5 0.35 0.22 2.62 689.47
6 1.00 1.89 6.09 177.57
7 0.35 0.53 6.318 689.47
8 0.37 10.53 6.318 689.47
9 1.00 ] 0.19 0.617 297.57
10 0.30 | 0.60 7.198 689.47
11 1.50 | 2.27 4.771 155.51
Total 6.47 5,733.94

TABLE 4. Time, velocity and acceleration from trajectory.
By considering the trajectory of a robot, it is found that the factory engineer's program has
a high energy input. The PSO technique was used to find the optimal energy consumption and not
affect the production cycle time. After applying the PSO technique to optimization of energy
efficiency is shown in table 5

Path time | velocity | Acc. E

1 0.60 | 0.35 1.92 87.75
2 0.58 0.35 1.92 88.90
3 1.27 1.21 3.01 256.37
4 0.56 0.11 0.65 61.79
5 0.57 0.11 0.65 256.37
6 1.92 0.95 1.53 157.82
7 0.57 0.28 1.57 256.37
8 0.56 0.28 1.57 256.37
9 2.00 0.09 0.14 157.72
10 0.60 0.32 1.79 256.37
11 2.60 1.28 1.53 156.21
Total 11.83 1,992.09

TABLE 5. Time, velocity and acceleration from PSO.
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By finding the best and most suitable time for the entire production system, the best point
is determined by the PSO, and the result is the time and speed that will be used to program the
robot. The results can be reduced. The power consumption from 5,733.94 joules reduce to 1,992.09
joules, which can be reduced to 65.25%. It can bring the speed and time used to assist in the robot
program in the actual use to reduce the time to program the robot.

4. Conclusion.

This article presents a new method for the optimizing energy consumption in production systems
using robotic substitutes human. Because cost of human will be replaced by cost of energy from robots, it
is essential that robots are planned for the optimum condition.

By examining the timing of each path, the production plan of the robot by the production engineer
is planned by approximation time. Without considering the power consumption from speed and acceleration
of the robot, the result form that method meaning over to use resource consumption. This article can be
applied to the development of robotic motion plans.

Future development of the program will automatically develop the robot program by considering
energy consumption and speed optimization using optimization techniques.

5. Acknowledgements.

This work was supported by Thailand Research Fund and NSTDA.

6. References.

[1] Mats Jackson, Lean Automation: Combining Lean with Industrial Robotic in Real Examples, Master
Thesis Work, Innovative Production, Malardalen University Sweden.

[2] ABB, Robotics White Paper Ten Ways Robots Enhance Lean Manufacturing Environments.

[3] http://www2.eppo.go.th/vrs/VRS52-06-oil.html

[4] Pisut Pongchairerks, Various Versions of Particle Swarm Optimization Algorithm Applied for JOB-
SHOP Schedule Problems, Journal of Industrial Education, Vol. 1 January 2012.

[5] Yin-Yann Chen, A Production Planning Problem Solved by the Particle Swarm Optimization, The
International Multi Conference of Engineers and Computer Scientists 2010 Vol II1, March 2010.

[6] Yanwu Guo, Weidong Li, A R Mileham, G W Owen, Optimization of Integrated Process Planning and
Scheduling Using a Particle Swarm Optimization Approach, International Journal of Production Research,
Taylor & Francis, 2009, 47 (14), pp.3775-3796.

[7] Pisut Pongchairerks, Particle swarm optimization algorithm applied to scheduling problems, Science
Asia 35, Feb 2009

[8] Asma Ayari, Sadok Bouamama, A New Multi-Robot Path Planning Algorithm: Dynamic Distributed
Particle Swarm Optimization, The 2017 IEEE International Conference on Real Time Computing and
Robotics, July 2017

[9] Voratas Kachitvichyanukul, Comparison of Three Evolutionary Algorithms: GA, PSO, and DE,
Industrial Engineering & Management Systems, Vol 11, No 3, September 2012, pp.215-223

[10] Vu Truong Vu, A Comparison of Particle Swarm Optimization and Differential Evolution,
International Journal on Soft Computing (IJSC) Vol.3, No.3, August 2012

[11] Sahazati Md Rozali, Mohd Fua’ad Rahmat, Abdul Rashid Husain., Performance Comparison of
Particle Swarm Optimization and Gravitational Search Algorithm to the Designed of Controller for
Nonlinear System, Hindawi Publishing Corporation Journal of Applied Mathematics Volume 2014.

7



IAMBEST

The 1% International Conference on Informatics, Agriculture, Management, mmcem= 9090
Business administration, Engineering, Science and Technology ' &AL

[12] Supakit Nutayasakul, Evolutionary computation between Genetic Algorithm and Particle Swarm
Optimization, Journal of Information Science and Technology, VOL 2. ISSUE 2 JUL-DEC 2011

[13] Chao Ou, Weixing Lin, Comparison between PSO and GA for Parameters Optimization of PID
Controller, 2006 IEEE International Conference on Mechatronics and Automation June 25 - 28, 2006.
[14] Rania Hassan, Babak Cohanim, Olivier de Weck, A Compare of Particle Swarm Optimization and The
Genetic Algorithm, American Institute of Aeronautics and Astronautics, published by ATAA 2004.




	Titlepage
	Abstract
	Acknowledgements
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Appendix
	Profile



