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ABSTRACT

This thesis proposes the-application of lean manufacturing, system to improve
the efficiency 'and reduce the waste in-the control-cable processtinithe automotive
industry. With' the improvernent of the bottleneck process and.the balancing of the
workflow of /the process 1by~considering the  material- flowchart,. the  process. was
improved ‘and.verified. The proposed workflow is developed based on the concept
of lean manufacturing and' the \improvement. in, terms_of more continuous flow can
be achieved.—As results - indicated, the 'productivity ~of the studied ‘process was
increased by 33 percent.and the waste was reduced to zero:In addition, the process
inventory can be also reduced to Zero.

Based on the Lean analysis results; the précess improvement is incomplete
because the eurrent-machine. hasits disadvantages jin_terms of sloweutting accuracy
and low productivity rate; thus, it.is"necessary to.develop the new/automatic outer
cutting machine in ‘the. control, cable process. . The ‘major development in the
proposed system is to apply.the.compression roller<in_the cable feeding system to
solve the problem of slipand gain high accuracy ofthe entire system. Both contact
and non-contact sensors are incorporated to achieve ahigheraccuracy system with
the error limit of 1 mm.

The results illustrate the performance of the proposed prototype,the new
cable cutting machine, with the cutting error less lthan 1 mm. investigated by the
experimental resuLfs of 260samples with 3 different diameters and lengths.The
repeatability of the proposedmachine was evaluated by the statistical testing data,i.e.
standard deviation which is less than 0.03. Theeffectiveness of the proposed

systemwas. described by the maximum error which is withinl mm.
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1. mswanuaniAuly (Overproduction)

2. mssorgglunisufuRnns (Waiting)

3. M3vudeniua SNl (Transportation)

4. msfitunpumsramanfuA sy (Processing)

5. MsAUAAIARINANLANNSAWY (Inventory)

6. maideulvanniduly-(Motion)

7. nsiifusiuinwses WasuaAd (Defect

8. myfilslatinsoldypannaitinug aamissnse ks antaw (Skil)
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2.1 NUWBISIUUMSHANLUURY (Historical of Lean Manufacturing)
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Funanfeidumsaiinuienglal fitugndigean wnAndinanaeinisuinmnuyiuma
ABaNsvRegnAYIaLTISEN TR UUNSHEAKYURY (Pull Production System)
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1. MsanuAvBediu (Specified Valte) uazudnslusussgnaugaiglignses

2, miszqmaﬁ'ﬁﬂmm (Map Value Stream) Nammsﬁluwnqmumaumiml,uumswam‘uu
ns¥uRd B8 naaneua MTRARALEN et (iegnaruaumsiilivaes taziduanugailsn

3. IS MAusNTEUINMs e sBlleY (Crate Flow) lilfnszuaunisazen

4. m3ldszuuis (Made Pull System) Im‘l%’wé’nmsmmé’aqmimmgnﬁ%ﬂwé’n anwy
Aaignéndoanis mufidasnisuarnelusyesmitnesns

5. ANy sal U (Made Perfection) AonsUsudgeednanes Warhdmeandigausi

favauey

MsHanLUUAY (Lean Manufacturing)
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6. msaugsfilaisndu (Unnecessary Transportation)
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2. MmsuanauuisuvianaAl (Map Value Stream)
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5. msfdneugdsuasnisaiunaalaedeiilas (Made Perfection)
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unfadanunsoszyanavomandusiily hauevsduiiindainaeogiln aseiy
arufaansvesgnithavidelsl nsseyinaudn Saurogila o1awieuiisuiugus
(Benchmarking) 1# udsoadlusuuesgnan-(Customer's-Rerspective) lailvuaaluyuaiguin
(Producer Perspective) Msfiaiunshszyd dud Adundnnavesesnnsiiguatetsls tuiu
dumausnuosindauuuiy Seildgnaifnruiiomely ldurauiestimoudaanisvasgné
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NSHAMLUUMLANLABINITTDGNAT (Pull Production System)
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iowanuAsuasaumeaddsranonsanauiuNu ,

FHaifutiidminuesmsadessavsuaveshildqunuisduiuanumenadosiclunaives
ATURDINT Wasduauidieants ilemuaueuiiafeiimunlilldasfesdimsuandsuastoya
fifieuusiuguasiiamevihnuiiussaiuamsionaeaiatisld nsuandsasdmaliiinnisan
Funudnifuaudesasimasishsldgunu

FTUUNISHAALUVIYAE

ssuumsHaniuueadaziimsinnedenegiuumadonsds. Tnsdenaaiosinsmudy
NrIUMILarInTuNuIasAS osag UnsaflumsvinsnluuSnaiieasonduld iegsarain
odisansldony enalinAanislnaresnusdwrsiiiotiarairserulavguromsnanaudniije
povAussA I ABuLAesgnAT | uenndmarugRUA TIRA Ul e sEn Wy sy
fufothauinUs ez lasanssssvninsuuieiidenronsansouiatnisnan lusu Tness
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222 Ll.u':ﬁﬂ‘uaamﬂﬁ’liqmﬁ'] (Value stream Concept)

aussARA Ao Aanssuliaztieyafiaueufisl (Value Adding, VA Aaelaifinauen
1l (Non-Value-Adding, NVA) Fleglunisnandudmsansnnsiisesnislagiiunsztounsgsie 3
Bufuiingivaudgnirmisiesiionssuiifaualunsduiuon fo mahanudiladiesls
Fonmuasmugnds (Wastes) sisliussuanpsdnsiieglinmiduiusaonisndn Taednsuius
Famsfidonleaty |

waAnveInsUInIsUulssluanesisquanfididgde nsfiasanssuiunis
Aanssu vidoasdnsileglumandadhdetuisisugsiamalufuanduguilt Keilluaesisau
wihliidunsimavesinghunsrdoyanmuniefie denusudssduiviliiAnyssTanigegannn
msiiasvgimaaiinliiAnewggidsinnitgn majudunsihnuuiulsiemseizasly
nszUILNsUTeRINTTUmADRTIeIAnS
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2.2.3 HeUAE513A0AT (Value Stream Mapping)

FauaessnaAn (Value Stream Mapping) tlumsuaasliiiufanislvaves
Toghuuazdoys nmsTiunaRanssmesnssviunsimmdmiumsimnnszuumsiage an
sEUUNSHAR W30 M3U3MS Wieaan Tagavddluiisgndn TnenisuansiieRanssuifiqueniiia
(Value added) uaw AanssudilifnnAnfin(Non-value added) WevsdRanssudineliiAnainy
ande Wastes) fzhunlilunisdanisannanth (Lead time) uazandunululdguniu aaw
aydnidufonssuionuadlinineinsdviliAesunusendndusiudldfiayadidagnd A
audusznauludeinast 8 4o fie msndntiianiiuly (Overproduction) mssens (Waiting) N3
augs (Transportation) 15 uilsmiftlaiinangay (Inappropriates. Precessing) Audasadaiil
$8u (Unnecessary Inventory) nsiaaoudnedilisnda (Unnecessary “Motion) faunnsas

(Defects) wazmsldlinanennsyupras1aiiusyansatw (Skit)

2.3 lagu

ewdu st nundgiu wladh 1sUudss (mproverent) vy [uwuafa iy
Tunsusmsmssamsnisednsliussansaa Insaiiuiinsiidrusainvesndne unnau saufiy
kaasvnuuamdlmly feviudgaiinisinuuazaniaonseslunisianliituediave #le
ey idnslimauiuugadasaiiaslifiiduge (Contihuous Improvement)

auddnlunszuaunises ey fie ansldariuinnuanunsnvosndnauanAnuiuuss
L4 a = L4 H! 1 Y o |2 < =3 ) 2/ A ! QI dy 1
11u lagldnsagnuiiisedinuoy GaneliAan1susulsingianiiaydaanfes | RLuIUE9
oA 1% ) a : Y = o | w %
AoLilas nsednufuLuIRneY Innovation %30 udrnssy Fulunrsidouluasyunulug Neoald
welulafdudousefugeshoRuamusmiummima saly lidwzedluanneesvgialuula 51
annsaldisnis laduiaUsuusdla

2.3.1 mafia33nsiiansysuuTisensaiisg
- 2495 PDCA : Usznausg 9adunu (Plan); UfuR (Do), asanaeu)(Check) Wagusudaudly
(Action)
- 5¢
- AmnssugpEmnstuiug L
- nsyvaun1sundgm (Problem Solving)
- KikenYochi Training (KYT) den1silnausuiitewse fsrnanaends
- SEUUTDLAUBIUS
- NRUAUANANAIN (QCC)
- Just-Time System (JIT) 38 S¥UUNISHARLUUTIULIANERA
- Total Productive Maintenance (TPM) w38 msthgednuvinawuuynauiidius i
- Total Quality Management (TQM) %39 m'su%miqmmwimasw
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wWasuwlasld iasuulasuatdiuvesufamasadeuidadle

a o o
2.3.3 nszvunsAawensUsules

WanNNnT 5W 1 H Aenasauaanuieiisyivavena lumsianunaisiiu uay
mdeamaUTudselvinty Yssnausagnumal
What ? paltievgnyszasnvasnsyinmy

o ] b4 o [ 1 A v (]

viorls 7 vialudpain ? Feghdulandall ?
‘d o A

When ? anaeniinartunsvineummuisal

Wuilalng 29 ludevinauiiuy ? Yneudulevisalsl ?
A A o |

Where 2 analiNovanunMaan Ll vay
o H -] b o Au’l o d'd‘ }74 1
luy 2 Aaludasyi w2 vivisuldnsely ?

o . ° ar
Who ? pallivenTupaailivy s damnsuey

° ° ¥ e S A o vow i

lasiuauvin 29hlufasfiuauciugi 27 auduvialsvselal ?

d = A o s
How ? a1aiteundsnasiiinuazandvsuau
eenals 7 vihludaainedeiy ? Hasaulavwsetl ?

g o o Y 4 ° vy v A °

Why ? 1Humanufinuassi 2 vesaipnsdnsmaievimvealunisvinny

wanMMSECRS

E = Eliminate fie nssntunaumsvhandilisnivlunssuiunsesnly

C = Combine &8 MsTatumsuMshnuEdeiy eysevdnnamdeussnulums
YU

R = Rearrange Ao nsanaduanuludlvimanzan

S = Simplify #is USuUseiinmsvihau videaegunsaithelsivhanlidetu
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msdrszuy TPM ( Total Productive Maintenance ) \uszuunisuimInmisuin
advlval faumanufnasiiuFesweadfidusveyaansynireluedins Tnslawed
UgtRnuaedasinquasnuedesinsyown livdedliiumhivesihethysinuusiies
fheidsauazdutiumsananugyifsuasidamugilaniefinusedniam Tasaues
NIFUIUNTHER

TPM o nstiumaiiensium (Journey of Discovery) Tufsfiduuselomise
09An3 Ifumsgeydeaniasesdnsmsgapdeannyeanns uasmsgapdeandildang

PM Taldvdngas mstinausuiitemsguadnuieiesdns TPM fe Ranssufinnau
Heeadnsardaudiauiur Lﬁaaﬂmm@mlﬁa AIAANGLUAN navifiulseaninam
IPE3IUY098ANS

- AUNNNEVRY TPM
TPM tiasirann Tétal Productive:Maintenance inefis nasthgesnwnd
wauuunnauddausin Wi 1971 aomtwiensthysnenlssuessemeadily
(Japan Institute of Plant Maintenance) ldlarmunineaes TPM el
- avakneYas TPM Tudiunsndn
1. TPM Ao stuunosiagednenfiasyliiasesinsaunsalifauseavisamgean
2. TPM fa ansuszgndld PM ilelisnsnsoltinsesinslsnaansignastdenn
TPM | #ip ssuumsthganemewnauitdulddiudstmedosdnsaunsal toud faeunu
nendn glinias uazdeganting,
3. TPM fle stuumavagsihsnieguuiswresmsidunusarifuimssesugmauiedldindes 4.
TPM fe nisvhidnaudunddussalunrsih Py tudrvasTungudosiiaiendun natiu TPM
FudumsiiauTiitodaunissan fodurmumneges Tem ludidaddes M ludundn
(Production Seetor TPM) penalsfinasimsianntes TPM Tishnstsstionihlinsiuin Saudfin
awiilfnsndnlussavengean AssllldUssavsamg@etastiin dufu niswernandi
Usgansnmauuuanagtes TPM Tudaundnperatfioantline sadlvimndreusniviloandiunda
W dhevne dheuivis Witsaiifas.viliaausneras TPV WAsudumnung TPM vt
U9
- AuvENEUad TPM fiavieeednng
TPM fio svuumsthgsinniidaasulfiinausiutiovemniie Taefanusjeiuissaviam
1A8TINVBITTUUNSHANRDIGNER
TPM Fio maviltiAnszuilesfuieldaugaudufatufuiedesinsuas udnsusi Juid
Foailian ‘gifmadugud’ vondelugud’ was "eTsudoidugud"
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TPM #a nstidiends dhewau dheusmis dreene unsruiuluniswaunyszans nm
TABSIUVDITEUUNISHAR

2/ s

o at A 1 § 1 1] 3 1 o
TPM  fo sruumsthsednenileguuiiugiuvasnsiidiusiunsusguimsseaugeauds
AliATos

P Lo

a o 9 v a & 1 a Vo P
TPM #e msvibianuggydedugudlagduianssungudosiiynnquilaissaunany
4 o .
ey (Overlapping )

- Wmagves TPM

mssathvnegves TPM fAdfielilunisinssauariiduialunisviiianssy ielivnaulussins

aulvlufemaiedin leedidmuieso
1. iefasdnsdndondusud (Zero Breakdowr)
2. gumelugud (Zero-Accident)
3. ypadentluaud (Zero Defect)

JIT uag TPM

. 4 J 1 1.4
t o 1 ) W T3 o/ = @’ < a s
JIT dounanein Hustin-Time!" wunafie WMunanwen daduusganisusmsnisuanidaunduun
Tnousin Talpdn Usemadu ieldustrnanugaidesngg (Wastes) fagtistulunszuiumsningy
< a a a4 a v o P o o w v o o
WeanannswanlulSinamldwen narlined Tuvusn TPM Mifievdemugaideannisldiaiesdns

gunsnidiail
wuananvas TPM

1. nﬁﬂ%’UUjﬂuLawwﬁaa (Individual Improvement)

2. Mt TidiinenuLes (Autonomous Maintenance)

3. In1sUrgeinwnstaue (Planned Maintenance)

a. nsfnwwazfinausilumafiarinuen1siaiiag msthseneh (Operation and

Maintenance Development)

5. ﬂﬂiﬂﬁa%’nMéV’QLLsi%'uﬂﬁaaﬂLLUU (Initial Phase.Management)

6. mathgeinwilienan (Quality Maintenance)

7. myvhnuvesheusmsfinseuindessaninmnssanniedonin TPM luddina

(TPM in Office)

8. sxuuTounly mdaoasde uazdwandenlulsan (Safety, Hygiene and Working

Environment)

i 1, 2, 3 Wuamdnfigeasidunisldiin TPM ludiunmsuda deususidunisuas
Tuangadun1saesdinIsnausuLAZ HRILIINYEAaDALEAN Fefiodumtifluesamdnd 4 uasian
wéndt 5 fefiudugeves TPM ludhundn esonifumsugnilimsthgdeifnluiusiasesdns
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gunsal Tagiu nesudinisndn Bmmheu suufannsesnuuuuasanedelsinunienszuaums
fwsuluiamdnd 6, 7 uar 8 Wuamdnfidudunisifiessns TPM andundalig TPM shaska
29ANS ‘

TPM  uresslalltindesilelumsthseine us TPV fudFuglunisuimsmissdndiiiy
in3asdnsuazgunsaldiy ﬁ'aﬁ”'uﬁdé\'aaﬁmmL*ﬁ'ﬁ’laﬁgnﬁaﬂuumﬁmLLasmmﬁwﬁmﬁLLﬁﬁwaa TPM

A QI 2/ 1 o o
ensisuduluganudusalunisyi TPM [14]

2.5 Yiseiifgadasszuvay

ANAND G., RAMBABU K,.(2010°)T15] lavihnsAnsnsusudgsanenisuianuesuism ABC
it XYZ Jefinswanussatiazuiiving PVC ludsemaduiite TatnsAnefansldaneiaste
998U Tnefinswannsgurnsuanisensa ABCL. ProdlctionSystem lagliiaiduiinnsfinumnuin
VA Time vesnszuauing 1476 -hundl luttusiisgpsinginisadavionan- 360,868, Jundl anunse
U5UU3e VA Time apnuvae = 740 Ju LavszagnalunIsAmRanRavEe 41,764 uni

LORNA R/ ( 2007-) [16] 1avimn15fine1n1sUFuUsenseuiunisnanuesus snngnen fadinns
14 Program  Simulation/- Sefiflugianaan wuu1asy Siman-Base e 14 Visual | Basic 1u
Suma%Maﬁm%’UQ‘l‘if'mu?zfammmﬁwmsﬁhammw%'wi;qLLascg]wamsﬂ%’uﬂ'gaﬁu’wmﬁauﬁwﬁﬁ
msufudsease :

WEIXIA , JIWEN JUN'(12013 ){17] lsdnwin1susulssnseurumsnaavielaals Program |
GRAFIX Tumsshassuagymnsdfu v sy Avibawitu 29.5%

afivd Wl waledud (2551) [18] vhmsAnsnmsiiadseansaiwlunisnaslaeldinada
nswanuuuauulsssmndntudiuintaud ileAnumuSaUfeuns dgrsTeTun WanduuaInns
Useynldsruumsudnnuuiuiumsrdansmiazain o Ingrafildssvunmsiinuiuiuluamsy
neliiAnUszansnwuaslseAvinaneoddng wagiuiunaymsidifyegianidionnudsaves
2aAns luniswianuduiusseninsiwdsiuanudusslunisanduyunieaiuniswineinnis
UssgnaldssuunIsHaEANYI S anduius fuamdaisalunsanfu I dunsKERINNS
Uspgnaldsruumsnanuuiulnesiamudius iuissaudd A median 0.05

alywa awsTaiuazassgite TranaRal (2011)[19] winsifeiifoifuyseansaiwly
nsvUIuMsHARLRuASasaLUadr Wesmnnuiymidinisudnusuasarauuasdliiilsswesianniu
FoansususunUsznay et nasssmainBnUsIn 720,000 Tu ( 129% )
nansIvERUIIEIsaliuURnsEUIumMsn1suaale 9 nvhanun 12 nseuauns dwalilfsuy
Furusufiviuiads 206,000 Sudeideu videviliuseansnmlassuvedsauyiide i
4.92%

afsiaidmunisanded, doimd yunes, Yiviuud dunsedin ( 2554) [20] vinmsidenns
Ussendldssuumsndauuuduiteuulssss i nmuazananuggailuaenisyszneu
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wSined fewnfnssuunsudnuuuiudsaliamsnsisiliunsd@nuiinslnadiseidewnn
Fu wluszansamlunseusuniswdniuiu 50 Weddud UszAnsnmnisdaaunanisnnifinty
22.8 iWesidus uaznawaAmituty 99.5 Wefiius

daun ndufagiws (2555) [21] inmsidenisussendldszuunsniauuuiunielulsesy
n1suAnvesUie tavavein S1in iefnuiisnssurumsndniFeréeluiiagiuvecddng laeh
sruumsndauuuduinussgndlditunsvausidumsiiuyadinssda uazu$udsimssidua
amelulssnunsudnizeamdarnanisAnyimuinannsussgndldssuunisuiauuuduluszuunis
uanaSenelulssoundndenidn Tudvhnmsadawsuglianessaumanmunisaiowianvesuivn
annsoanszeyaoaililunasde Nasmwessevailinssuunsnanueusasand uay
nanlunisusudsunsysenaereudhanidniswandu 520 uni 3084 way 220 wnit sy
Tneszeziainielussuumsianiinisanamnaidngsiinid auisnanrasinvedsouailunig
uAmoasazan Tuayaa g Asatisvinldumun sasrovasanas waramsananluys
iy

wovdswed WnSrswasa (2548) [22] viansdnwnisysegnaldnasuanuuudulugnanvnssu
wat (uusiaiascuvudie) nsdifinelssnunanmangunssa iNarduliuamaetmsszgndlinig
wAnuuUAlLgREmnsIUATisnEHA RUUURaIa sasL LY Wi aiTnBnot s gna wins e
INNBVBINFINASINAI Y UEIETsIansyEERaINERERSINRIN. 16:24 AU el 8.56 Tu
wiaAndudoray 47.30 LavanduAAInAsEHITINTEUAUNSIN 96,35 Auso il inde 10.62 fiure
Fu wioRnluieuay, 88.98

nuasmi eddadq, aigun iuasanale (2553) [23] anmstliiimsAnunnszuunisadn
mﬂmma‘ummLaﬂwmm{]zumwawam'vnmu,avmuwumswamaamuummaaummnﬂiummwaam
arugalunssuTumsnraendagunin dneUssansldiunrsuing S 5 dumey
NawiﬂﬁﬂﬂﬂﬁﬂiUUEdﬂ’liaﬂﬂ’J’INQCIQJ,LUa’I‘LUﬂiuU’JUﬂ’ﬁNaﬁmEJLﬂLUﬁ‘U‘uﬂﬂLaﬂ WU NSHARS
uwd iRty Aenandng 15 Juradalinniayiuaminnuniseui 24 Ausedaluinis
vhanuvesmineundsaufadu 37.5% Sni Feaaavilvnuyunisndndevisanadnin 48.25
uwedu 1Hu 42,50 vmroBuBnidu 11783%

Wauwad Yoswna, sty e (2555).[24] mATuilATEsEUUNMsaudneluad B udng
fmquszasdiftordnfanssuiifinnugauuan asldiRusIoTmdayasuau 120 yauasszyfelymil
Weanaugyivainisluadedudn uarldiiausiundnesduiioanmiugyiaiaiunsaan
Usnadufnaendald 10.24%, 2.37% uaraanaiserseinio 0 w1l lsndsanunsoaguladn ms
Uszgndldszuufudoaursafinszdns nmmlumsvhaunes@unuimdunisyssyndldiu

gavnssuNsHAs RS manreidadls

Maria Elena Nennil, Luca Giustiniano, Luca Pirolo (2014) [25] ﬁﬂnﬁﬁﬁal,ﬁaﬂ%’uﬂ@a
aremamanlulssnundngt evinsifiuuseansnwlunisuda esngaamnssundneifiiu
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gRavnIINAlFSURAnsEUANAnzIBInAIReIuiY 9nnsUTuUTEhensEuIuNsTR AU
aunsoananilunisdnadld 5 Ju, ufmindianas 37%

DenishB.Modi, Hemant Thakkar (2014) [26] uu2AnuuvAeane Mgy dy, LaTth,
funu deedesiouasmaliauuuiu shmsfinuifleanmugyide, nanhuassuny fMedesdle
uae wadavosiuruidbiuandifufmdnmndnuuuausg q Jesmdedofinagnsmssiiuan
warguassalunmssiiiunudmiugaamnssunsuan nsfnfasaiulufinsudediferdady
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A15199 3.1 uane Standard Time on process

Standard Time on process

Product Group : Semi Line A

No. Process Sec
1 U Grommet 0.85
2 e Protector 0.85
3 neu Fuel Casing Cap 0.96
4 NBU-Mold Outer / @gkaLla 1.02
5 iU Casing/Cap 0.85
6 78U Inner 0.95
7 Usenau. Grommet 1.85
8 UseneuProtector (Foam) 1.85
9 Usgnay Protector (PVC) 1.02
9 Ysenau Fuel Casing Cap 0.65
10 Ysgnou-mner 0.89
11 Usenew Casing Cap 1.47
12 1N Fuel Casing Cap/aauu Jig 085
13 Ultra’FUEL Casing Cap 1.28
14 18U Mold Quter 981 Jig Ultra 0.78
15 219 Mold Outer #iir3ee. Test 0.68
16 Test usefa7l FUEL Casing.Cap 1.85
17 1389 Mold Outer LMy Jig Wy 4.60
18 ANU&RA Outer (W1USER Jig W) 0.79
19 ARy 0.87
20 Wy 1.52
21 NUDANTINRDI& Set 538y Protector 7.25
22 neOANTI3BU& Set S¥eiy Protector 5.33
23 78U Mold Outer 890 Jig Wy 2.14
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A19149% 3.2 wane Standard Time on process

Standard Time on process

Product Group : Assembly Line A

No. | Process Sec
1 | Usenau Grommet 111U Jig Set length 1.25
2 Set length Grommet(.100.mm. - 500 mm.) 1.56
3 Set length Grommet ( 500.mm:.-.1000 mm:) 2.47
q Set length Grommet (1060 mm;, =1500 mm:) 3.54
5 Set length’Grommet/ (>-1500 mm:) 4.55
6 | Usenau Inner Ly Outer Man 0.85
7 | YAV InnerAfuOuter -M/C+Man (Inner 897 2000 23000.mm. ) | 3.58
8 Usgnou,Inner 17y Outer M/C+ Man (Inner.g12.3000 = 4000 mmi. ) | 4.15
9 Usenau-inner ANNU Outer M/C+ Man { Inner 813 4000 = 5000 mm. ) 5.52
10 | Usgnou Inneridiaiu Outer M/C+ Man (Inner &1 5000+ 60600 mm. ) 6.58
11 | Uszneudnner Wiy Outer’ M/C+ Man (‘Inner #17>6000 mm. ) 7.88
12 | vy Clamp pgfanaavas. Grommet 1.48
13 | 2 Grommet i93riu Die Staking 0.85
14 | 9u Grommet afadl 1 1.02
15 | Grommet nSail 277 0.76
16 | Usznau Casing Cap'afiy Outer 1.35
17 | 214 Casing Cap asuu Die Staking &AARULALMEN 1.38
18 %u Casing Cap 1.02
19 | atninner Ilnasanunain Outer 0.31
20 | 4U Inner WhfuipSes CEF 0.79
21 | finazuIU Inner 1.66
22 | 274 Inner 11fiu Mold @m 3.15
23 | 8na T-End Freiedas Die Cast 3.22
24 | vBuaeimilananainiedes Die Cast 0.85
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No. [ Process Sec
25 | 29 W T-End Wiuse98d Trimming 2.10
26 | 113 Trimming 1.15
27 | wduTuruosnain Die Trimming | 0.89
28 Stamp P/No. 1.25
29 | %y Spring & Lock Pin 1.23
30 | Usenau Spring Wag Lock Pin 191AU Inner 1.41
31 | 22 Spring tay Lock Pin-asuudig Tda1sed - 0.89
32 | ldased ( M/C) 0.42
33 | vBu Fuel Case’+ UssnaulazaenFuel Case idiveiaiaiba 1.85
3¢ | tuiT-End 2.05
35 | Beuasladaluuus 0.75
36 | nseEy A+B (M/O) 1.58
37 | vieheiwanain, An-Tag 3.44
38 | UTIYRINRDS 5.30
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unil 4
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Test Date 26May 16
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No. Actual error Abs(error) errorA2
1 1497 0 0 0

2 1497 0 0 0

3 1497 0 0 0

4 1497.5 05 05 0.25
5 1497 0 0 0

6 1497 0 0 0

7 1497 0 0 0

8 1497 0 0 0

9 1497 0 0 0
10 1497 0 0 0
11 1497 0 0 0
12 1497 0 0 0
13 1497 0 0 0
14 14972 02 02 0.04
15 1497 0 0 0
16 1497 0 0 0
17 1497 0 0 0
18 1497 0 0 0
19 1497 0 0 0
20 1491 0 0 0
2 1497 0 0 0
22 1497 0 0 0
23 1497 0 0 0
2 1497 0 0 0
25 1497 0 0 0
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No. Actual error Abs(error) errori2
2 1497 0 0 0
21 1497 0 0 0
28 1497 0 0 0
29 1497 0 0 0
30 1497 0 0 0
3 1497 0 0 0
32 1497 0 0 0
33 1497 0 0 ; 0
3% 10965 95 05 0.25
35 1497 0 0 0
36 1497 0 0 0
3 1491 0 0 0
38 1497 0 0 0
39 1497 0 0 0
40 1497 0 0 0
| 1491 0 0 0
02 1497 0 0 0
a3 1497 0 0 0
i 1497 0 0 0
45 1497 0 0 0
46 1497 0 0 0
a7 1497 0 ] 0
18 1497.2 02 02 0.04
49 1497 0 0 0
50 1497 0 0 0
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No. Actual error Abs(error) errorA2
summation 14 058
MSE 00116
MAE 0.028

SD. 0.108496215

Mean 1497.008

Resclution Uncertainty | 0.1

max 05

139l 5.2 Feyamsindruuaesynlussiunasin 1497 Sadis it 2

No. Actual error Abs(error) errorA2
1 1497 0 0 0

2 14975 05 0.5 025

3 1497 0 0 0

4 1497 0 0 0

5 1497 0 0 0

6 1497 0 0 0

7 1497 0 0 0

8 1497 0 0 0

9 1497 0 0 0

10 14975 0.5 0.5 025
11 1497 0 0 0

12 14975 05 0.5 0.25
13 1497 0 0 0
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No. Actual error Abs(error) errorA2
14 1497 0 0 0
15 1497 0 0 0
16 1497.5 0.5 05 0.25
17 14973 03 03 0.09
18 1497 0 0 0
19 1497 0 0 0
20 14912 02 02 0.04
21 1497 0 0 0
2 - 1497 0 0 0
23 1496.5 0.5 035 025
2 1497.5 0.5 05 025
25 1497 0 0 0
26 1497 0 0 0
21 1497 0 0 0
28 1497 0 0 0
12 1497 0 0 0
30 1497 0 g 0
k| 1497 0 0 0
32 1497 0 0 0
33 14975 05 05 025
3 1497 0 0 0
35 1497 0 0 0
36 1496.6- 04 04 016
3 1497 0 0 . 0
38 1497 0 0 0
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No. Actual error Abs(error) errorA2
39 1497 0 0 0
40 1497 0 0 0

| 1497 0 0 0
1Y) 14976 0.6 06 0.36
a3 1497 0 0 0
a4 1497 0 0 0
45 1497 0 0 0
a6 1497 0 0 0
a7 1497 0 0 0
48 1497 0 0 0
49 1497 0 0 0
50 1497 0 0 0
summation 5 24
MSE 0.048
MAE 0.1

SD. 0.211660105

Mean 1497.064

Re§olution Uncertainty | 0.1

max 0.6

min 0
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Application of Lean Manufacturing System:
a Case Study of Control Cable Manufacturing

Veerasak Chanarungruengkij, Anakapon Saenthon and Somyot Kaitwanidvilai

Abstract— This paper proposes the application of lean
manufacturing system to improve the efficiency and reduce the
wastes in the control cable process in the automotive industry.
With the improvement of the bottleneck process and the
balancing of the workflow of the process by considering the
material flowchart, the process was improved and verified. The
proposed workflow is developed based on the concept of lean
manufacturing and the improvement in terms of more
continuous flow can be achieved. As results indicated, the
productivity of the studied process was increased by 33 percent
and the waste was reduced to 0. In addition, the process
inventory can be reduced to 0.

Index Terms— Lean manufacturing management, waste, the
control cable in automotive manufacturing

1. INTRODUCTION

N Thailand, the automobile industry'is one of the most

important clusters leading to:more than 7 billion Baht per
year of the export value, and the number of employees in
this cluster is approximately 8.percent of the total employees
in the country. The control cable for automobile is one of
the most important parts in automotive manufacturing due to
the values of the export are greater than one billion Baht per
year. Generally, the manufacturing, of this  product is
categorized as the mixing of the continuous process and job
shop process. Most processes in this manufacturing still use
many labors/operators leading to. lower productivity and
higher waste costs. There are many researchers attempted to
develop and apply the lean manufacturing. management
system to improve the productivity and cost “in. the
production line. In [1], Anand and Rambabu proposed-the
results of using Lean tool to improve the production process
of the ABC Company, XYZ Section, which the product of
this company is the PVC window and door. For their results,
the production period of the process was improved from
360,864 to 41,764, and the value added time was improved
from 1476 seconds to 740 seconds. As seen in their result,
the process is significantly improved.
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Lorna [2] illustrated the study of process improvement of
the pharmaceutical company, which the simulation of the
process was based on the program simulation model, Siman
based interface. This tool is -useful for simulating the
enhancements prior to actual implementation.Weixia and
Tiwen [3]. studied the improvement in pipe production
process using the program I Grafix. As shown in their
results; the process has been improved by 29.5% in terms of
efficiency. Fabian and Marko [4] proposed the use of Lean
management to improve the team management by collecting
data-into- the software.-Kamolrat and Natcha [5] proposed
the ~waste reduction by lean six sigma approach for
improving - the “micro cable manufacturing. The results
showed  the effectiveness. of applying Lean in this
manufacturing.

This research work focuses on the improvement in the
control_cable production line. in, the automotive parts
manufacturing, Thai-Steel- Cable which is the largest
company in the control ‘cable manufacturing in Thailand.
From the company’s production report, the capability of the
process is 48,000 pieces per month; however, the demand
from the customer is 62,449 pieces per month, thus either
the new production line or process improvement needs to be
considered. Adding the new production line requires the
investment cost and new operators Jeading to the higher
product cost; thus, the process improvement is a more
attractive way of the company’s plan. In engineering aspect,
the improvement by reducing waste, i.e. the fatigue of the
operator, slow cycle time, etc. in the process will increase
the productivity and reduce the production cost, and the lean
management system can help to achieve these objectives by
reducing-the lead time of the production. Lean concept
attempts  to remove or shorten the process flows,
organizations leading to the reduction of the production cost
and reducing the lead time. Therefore, there are many
researchers and industrial engineers in various industrials
apply this concept for solving the manufacturing problem. In
this paper, the application of lean for the control cable
manufacturing process is demonstrated to solve the problem
of low capability of the production line.

II. LITERATURE REVIEW

Lean concept is a system tool for eliminating the wastes
or non-value added in the business process and create a new
business flow for the manufacturing/company. Through the
lean method, the company can optimize their profit and
achieve the lower resource leading to the minimum cycle
time, lead -time and inventory. In- addition, the- profit,
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morale, customer satisfaction and accident records in the
company will then be improved. "Lean" has been defined as
a systematic approach to identify and eliminate the waste
through the concept of continuous improvement. Lean
focuses on the value added flow of resources from the
customer’s point of view. To compete in today's economy,
with lean, a company will be better than its competitors.
Lean emphasizes on the elimination of waste that results in
higher customer satisfaction, profitability, throughput, and
efficiency. Jacobs and Chase [6] stated that “Lean
production” is an integrated set of activities designed to
achieve production using minimal inventories of raw
materials, work-in-process, and finished goods. Parts arrive
at the next workstation “just in time” and are completed and
move through the process quickly. Lean philosophy is also
based on the logic that nothing will be produced until it is
needed.

The principle or philosophy of the lean concept is-the
ways to identify and eliminate waste to enhance the
processes and products with the customer requirement and
creating a system to pull in the process to ensure-.a
continuous flow of processes, and improve-continuously-to
enhance their processes and products regularly-to eliminate
waste in the production process. There are 8 types of waste
that need to be considered in Lean concept.

1. Over Production: Overproduction occurs, when  the
goods have been produced more than the demand from the
customers. One common practice that-leads-to this waste
(“muda”) is the large batch-production. Overproduction is
considered as the worst waste because ‘it ‘hides and/or
generates all the other wastes..Overproduction leads to the
excess inventory and the large . storage - space /) and
preservation those are the most disadvantages. '

2. Waiting: When the goods are not transferred or being
struck at the production process.

3. Transportation: When the product is moved, it leads to
the risk of damage, lost, delay, etc: Thus, the transportation
is one type of the wastes in lean concept.

4. Over-Processing: Over-processing is defined “as the
time more work is carried out while the customer does not
require.

5. Inventory: There are many forms.of inventory; such as
raw materials, work-in-progress (WIP), or. finished goods.
These three items not being actively processed is. accounted
as waste.

6. In contrary, with the transportation, waste, “motion”
refers to the waste that caused from either over time (wear
and tear of the equipment and for workers) or during
discrete events (accidents that caused damage to the
equipment).

7. Defects: This causes the extra costs, rescheduling
production, labor costs, etc.

8. Losses from the full potential of the personnel is not
carried out to provide the organizations with maximum
efficiency.

Based on the waste mentioned above, the principle of the
lean concept to deal with the minimizing waste can be
summarized as follows:

1. Specify the value from the customer need by product
family.

2. Identify all.steps in-the. value stream of each. product
family, eliminating the values which do not create the value.

ISBN: 978-988-14047-7-0
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

81

3. Add the value-creating steps in tight sequence so that
the product will flow smoothly toward the customer.

4. As the new flow is introduced, he customers can
provide to put the value from the next upstream activity.

5. If the value and the value streams are identified, wasted
steps are removed, go to the step 1 again and continue
analyze them until the perfect flow/process is achieved.

IIT. RESEARCH METHODOLOGY AND IMPLEMENTATION

To perform the lean analysis, the following steps were
carried out.

1. Survey the current state of the production line, identify
and put the value of each step.

2. Analyze the process.

3. Try-to.improve the process using the software analysis.

4. Summarize the results. :

The following issues describe the details of each step
including the result and.simulation software.

A.—Survey the current state.of the production line

The preliminary-survey starts from the study of the sources
of 8 wastes in the-interesting process, the control cable car.
The ‘interesting patameters-are the flow chart to know the
entite _process,-. including  the bottleneck, defects, and
machine = performance to  reduce 'waste from the
manufacturing process.. Based . on, the survey data, the
control cable production process has the lead time of 14.86
days, this long lead time is caused by the preproduction
process 2.5 .days, assembly process 0.5 days and the
unbalanced ‘of the process cycle time which has a percent
difference of 76.4% between its ‘maximum and minimum
value.| The current process efficiency is 85%; however, the
standard of car maker process efficiency is specified as 95%
minimum. Defect from processis 100 ppm Fig. 1 shows the
studied process flow, which composes of Hilex cutting
machine, ‘Inner cutting machine, Outer cutting machine,
Assembly station, Postowaiting ‘and Shipping Area. The
material ‘and cycle time, including the total lead time have
been analyzed and calculated as shown in Fig. 1.

B. Process analysis and Improvement

Based on the survey information, the reducing waste,
especially in the inventory bottleneck was investigated. As
shown in the diagram in Figs. 1 and 2, the inventory process
spends the 2.5working days, which can be improved by
balancing the process. Based on the survey data and the
proposed analysis, firstly, some of the process steps those
are assembly process and preparing parts process were
combined. Secondly, the 10 pieces batch-material loading
was considered to be changed to a single piece-material
loading. Finally, the all process steps were focused on more
continuously and balanced. The new process was proposed
as shown in Fig. 3. As seen in this figure, the processes were
combined as 8" steps and the 10 pieces loading system was
proposed.
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| 3. Assembly 3B ASSY.Grommet withOuter Casing

¥

[ 4. Tensile fest rud kasind Cap'oy Tedkle tistes mietine | 4

[ A]

l 5. Rounding PVC Yape #Protedar 2 poit J

k3

6.Assembly SUBASS'Y Grommet, Quter Casing andInnen
Wire with Outér Casing

¥

7. AssemblyCasingQap withOuter Casing,

iyt

8. Injection T-End withInnecWire.

L

9. Assembly spring and fuel case with Suter assembly.

I

10. Apparent inspection and packing

[ 2. Componentstorace

v

BB

(a)

Component part detail:

1. Protector: Rubber tube for protection Outer

2. T-End: Znc End of cable for jomt to matching part

3. Casing Cap: Cap of outer for connect to matching part

4.SUB ASS'Y Grommet: Rubber seal for protect water leak i body
5. Fuel Case: Companent for lock cap fuel tank

6.Inner Wire: For transfer force

7. Outer Casing: Tube for protect mner

(b)
Fig. 2 Details of the current process flow: (a) flow diagram  (b)
abbreviation.
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! 2. Component store. ]
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3.1 AssemblySUB ASS'Y Grommet with Outer Casing.
32 blyFuel Casing Cap withOuter Casing. 33
Tensile Test Fuel Casing Cap 3.4 Stacking Part/No. at Outer

Casing
4.1 Assembly protector withouter casing.4.2 Rounding tape

2 pint at outer. 4.3 Apply glue for fix
protector and outer.

Pl 5.1 Set length SUB ASS'Y Grommet.
5.2 Assembly SUBASSYY Grommet with Outer
5.3 Assemblyinner wire withouter casing

11

6.1Assembly casing cab with outer casing. 6.2 Assembly

inner witgwithouter.

7. Injection T-End withinNer wire

e

8.1 Assembly Stibassy fuel Gds&. with inner and outer
R3 8.3Inspactionand packing.

Semi ]

Fig 3 Detailstof the proposed process flow

The process wasimproved got only the combination of the
process steps, but also. the rearranging of the process flow as
shown in Fig. 4. The single piece flow reduces the inventory
and idle’lead ‘times  andcnumber. of gperators. The wastes
wereyclearly decreased.and the (process flow was compact.
The number of operators was changed/from 8 to 7 resulting
in the/ reduction/of-the operating cost. The cycle time, as
shown nFig. 5, was reduced from 33.36 to 20.58, that
means-the productivity ofithe process is increased. The M3,
Table’tape-rolling process, is significantly improved as it is
the bottleneek ofithe entire’process. The 12.58 sec. was
expected to ‘be gainedinsthe process. In addition, based on
the proposed cencept; the lead-time of the inventory was
reduced o 0_days. Fig. 6 shows the details of flow diagram
including the lead-time analysis of the new process after
improvement

S O3
Testsons  — air yora press J Fisher Most
Topenot G areem () Seieyion

W e, Duter T Cuts rening . Ny g

Figl 4°Process layouts: () beforeand (b after improvement
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Fig. 5 Cycle time (a) before and (b) after improvement

The result of the improvement by lean method made the
changes in process flow chart which explained in Fig. 6.
From the process flow, a significant change in the process is
the change from batch 10 pieces per time to one piece flows
Some sub-processes those are the protector assembly-and
tapes rounding are separated in the current process; thus,
they were considered as the wastes in” terms of inventory!
The combining of these processessproduced the change ‘in
the inventory in the process to 0(JLF: Just in-Fime).

C. Reducing the defects from the-prodiiction proeess

Based on the survey data reported oyer the past | Lycar, it
was found that the defect /in-the production progess 15100
PPM (parts per million) mainly, caused from the errors(in the
batch assembly process. Fig. -6 shows-the-diagram of the
improved process and Fig. 7-shows'the results‘of ‘a study of
the waste from defects, as-seen in| this, graph, the \main
defects caused from the assembly process; The-other causes
are from the “not tape roHing™-and~“staking” grominet
shapeless”. These sub-process were attenipted to be focused.
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Fig. 6 The process flow after improvement.
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Fig. 7 Process defects in‘the1 year data.
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From the process analysis, the assembly process has no
the work instruction of the checking to verify the product
before sending to the next station. One of the reasons is that
the process is a 10 pieces batch flow so that the in process
inspection is not feasible. Thus, to improve the process, one
piece flow process and the design of the mistaken error
proofing (called as “POKAYOKE”) for detecting all errors
from the operators were modified in the process so that the
defects can be reduced to 0 PPM. In addition, The
improvement of the process control by using the electrical
sensors were implemented. Table I shows the results of the
process before and after improvements with the use of lean
techniques in the control cable manufacturing. As seen in
this table, the significant improvements in terms of
productivity, cycle time, lead time and defects were clearly
shown, for example, 33% of the production rate was
increased, etc.

TABLE |
RESVLFS OF PRODUCTPE IT¥, CYCLE TIME, LEAD TIME AND PROCESS
PEFEETS AFTER IMBROVEMENT BY LEAN CONCEPT.

Before After % Change
Rrodactivity: (Pes/Mantr )f _18.75 24.82 % 4
CycleMme(Sed ) 33.36 19.5 7% 4
Lead\Tirfie{ Day ) 1486 6129 58%
Defect (PAM) 100 0 100%

V- LCON@LUSION

Frotn the proposed Concept to improye by lean approach,
the results of imptoyement-in the(production line of control
cable were summarized in Table 1:-Based on the results, the
advantages of the.improvement(of 71% in cycle time, 33%
in productivity, 58% in lead-time and 100% in defects are
gained Cleaily. fhe significant* improvement was proposed
and'it\can‘be expanded to_the similar products to make more
cOmpétitivein the autorhobile/manufacturing. In the future,
the-attoniatic machine stich/@san automatic cutting machine
for outer cablenthe.new cutting and forming machine for
inner-cablethat canreduce the number of operators and sub-
processes and“incredse the cycle time will be considered as
the next.research topic.
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Abstract— This paper proposes the development of
) tomatic cutting machine for automotive cable
o ufacturing The major development in“the-proposed
; stem is the application of the compression rollers in the
_"__ ding system to solve the problem of slip and gain high

] ,»_uracy of the entire system. Well design of sensors-and
equences were considered to achieve a higher accuracy
gystem with the error limit of 1 mm. The deyeloped system
wyas applied to the feeding cable in the cable
janufacturing. The results illustrate the performance of
prototype, cable cutting machine, with the error less
1 mm. investigated by the experimental results of 260
mples with 3 different diameters and lemgths. The
repeatability of the proposed machine was evaluated by
he statistical data, i.e. standard deviation < 0.03. The
ectiveness of the proposed system was! described by the
naximum exror which is within 1 mm,

- Keywords— Roller feeder system, automofive cable cutfing;
utomation system; non-coniacs Sensor.

" Introduction

ently, Thailand’s automotive industry is one.of the
or exporters in the world [1] One of the most xmportam
producing parts in this manufacturing is the
tive cable industry. Although “there are many
archers and engineers attempted to:develop the equipment
achinery in this manufacturing; however, most ‘of the
in the automotive parts and cable manufacturing still
in the production and quality control processes. The
blem of the labors is the human error, slow cycle time
- to the increasing cost and the reducing of the
iveness of production. There are many researchers
d the feeding and machine for the similar industries.
ere are two rollers applied in the feeder system, the
: was designed for controlling the feeder speed, and

“5“‘0 d roller was designed for controlling the direction,
stopping of the cable. In [3], the feeder of the
the insulator of the cable called “peel” before
‘Was developed. The main part of the feeder is the
: feeding the cable and the blade set for casing the

eover, there is many cable feeder systems proposed
Nevertheless, the developed cable feeder systems [2-

VeerasakChanarungruengkij', Anakkapon Saenthon’,
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9} -were.designed for the specific cable type of each industry
which-is-not able:to apply to all industries due to the different
size and materials.of the cables. Thus, based on the specific
problem in the automotive cable industries, this research work
focnses/on the design of the:high precision cutting machine for
the /gutér cable.-The main parts of the developed system are
the specific -roliers and the designed automation process
including the touch sensors. The proposed system improves
the accuracy-and precision.compared to the previous system
which applied the limit switch to stop the feeding system. The
improvement.. was. .achieved..not " only ' the accuracy and
precision, but also.the set up time and cycle time. In addition,
the proper tollers and adequate zero.sefting position sensor
were designed. for feeding and adjusting friction and position
to match with the different sizes of the cables. The experiment
was conducted by cutting for 50 different samples; as shown
in the results; all errors were less thand mm which complies
with the specification of the manufacturing.

o, ‘Theory and désign system

The design ‘of the rollers in the proposed system is based
on the concept of the friction force between the roller material
and the outer of the cable, In addition, the torque requirement
of the servo motor was calculatéd to match with the feeding
speed-and the materials bétween the rollers and the outer of
the cable. Nevertheless, the good selection and high precision
fabrication cause the increasing in the performance of the
feeder system of the machine. Due to this project is under
registration process for Interactual Property (IP); thus, some
details in the design were omitted. Main parts of the machine
composed of roller, sensors, and feeding system. The roller is
constructed from the elastic material to match with the type of
cable jacket. Thus, the essential parameter needed for the
feeding system is the frictional coefficjent between the feeding
mechanism and the cable. The value of friction force

- calculated from these parameters can be written as :

Ff =ﬂ:En (1)

= 103 =
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Where F; is the frictional force, p; is the static frictional
coefficient, and F,, is the nominal force between the surfaces.
When the object moving, the feeder system is linked to the
servo motor via a timing belt so that the servo motor can drive
the upper rollers and feed the cable. The calculation of torque
is considered to select the appropriate devices for the motor.
The following calculations to find the suitable torque of the
driver are shown as:

Mordl_M2d @)
1772 g d2

_Bd4 _ B

o,nd, &7

where M; is the driving torque, M;-is—the-torque
requirement at the driven pulley, Py is the power required at
the driven pulley, @, and“w;-@re the angular speeds of the
driver and driven pulley, réspectively;-d, and. d; are the' pitch
diameters of the driver’and driven pulley, respectively, and #
is the efficiency of the driving belt (77 =0.:94-0.96, typically).

The accuragy of the system is affected from the|precision.

of encoder of the servo-motor. and also the slip between the
roller and cable. By calculation, the maximum resolution of
the servo mofor in-this designed system-is.10. umi; however,
the entireé /accuracy :is_.more- than- the. above mentioned
resolution due to) the méchanical operation, backlash of timing
belt inclnding. timing elastic;~To overcome the preblem  of
accumulated ‘error, the-stopper designed to set:'the  zero
position when-the process cycle is| starting is- 2dded to the
system. The Well design process was amranged for achieying
the good efficient; however, due to IP registration of ‘this
project work, the description of the procéss is not described in
this paper.

m, Experimental Results

The roller prototype is shéwn in Figlytheére are four foller
pairs equipped with the eompression screw and timing belt.

Fig. 1. The prototype of roller set.

To verify the performance of the proposed design, the
production engineer tested the system by feeding the cable
from the cable roll to the proposed machine and specify the
length of 1497 mm. as the target length of the cutting. The
two-time testing, each test performs 50 cuttings of the cable,
was performed. The cable sample of this research work is the

automotive brake cable with a diameter of 7 mm. Figs.
show the results of the length measured after the
process, as seen in the results, the error of all 100 sar
less than 1 mm. which is the specification of the co
The maximum and minimum measurement values of
samples are 1497.6 and 1496.4 mm, respectively. Tk
maximum error of these 100 samples is 0.6 mm., »
within the specification.

1497.6 +
+ +*
1497 4~
4=
1497.2 - + +
1497 ~ i
14968
14566 - 4+
+ ' +
1 2

Fig. 2 Box plots of two groups of the tested cables.

-5 b b

A
o 0 2 » “ 50 o » 30 ”°
Mo of Sarsple

Fig. 3 The error of the cable after cutting process (100 sample ca

To show.the repeatability and accuracy of the res
standard deviation of the 100 sample data was calculat

3):

’Li(x - u)? ,where y—lix
N i=1 ' ’ .. Ni-l '

where N is the number of sampling data and x is the ve
cable length.

The standard deviation of one hundred samples
which shows the good value of low distribution
Nevertheless, the error after cutting process is less
conventional machine; thus, the increasing more than
the productivity is achieved. Other advantages gained
proposed machine are shown in Table 1.

— 24 -
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."i%b'le 1 Performance comparison of both conventional and the proposed
ﬁ.?été‘ms.

. Conventional "Proposed
uter Cutting Machine design
Cycle Time 4
(Sec) 9.6 -8
Manpower 1 0
(Person)
Productivity 00 >6
(Pcs/8Hrs.) 30 000
Quality. By Human By Machine
2,400 1,000
10 2
12.5% 0%
+/~3 +/-1

v. conclusion

paper proposes a mnew cutting machine for “the
Hfomotive cable manufacturing, the major development of
he: proposed system is the design of the feeding rollers and
sensors and sequences. The performance of the proposed
brototype was investigated by performing the cuiting of 100
és with the desired length of 1497 mm then measuring the
of cable length. The results show that the maximum error
the standard deviation of the test data are 0.6 -mm. and
» Tespectively. Moreover, the comparison table illustrates
the proposed design is better than/the conventional system
Il factors; Especially, the productivity s 200% of'the
ventional system and the accuragy is improved from -+/=-3
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mm. to less than +/- 1 mm. This machine was adopted in the
production line of the cable cutting manufacturing,
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