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troduction

I e e AN g indheing, comaalimian i3 high in s of price, qually, produs] dalkany lima,
and Guslomer salisfachion. B is necesssy o imprine the pesformancs and 1o reduece wast in 1he
process. Lean fschrgues are mporant sechrgues that are ussd o mpross processes 10 inoreass
productvity in small, medium and large indus¥ias, 10 reduce wasio, 10 respond cushomar requimments
and to increasa competiivenass advartaga. This mesanch siudied the working production process in
gt Testory. Main prodhuct A dosrbames divided inlo sinndsed and Gelomizad RECOnding o
cusigmens oeders. The demand for slandard doarirames is &5 46%. Ther are T sizes of all sices all in
thiz same lengsh ok with diferent widihs. The Righesl demarsd dor standasd doorrames is 080« 2.00
miters. The demand for slandard doordrames ae an averags of 3,018 pieces per month, with an
average of 116 pieces par day Irom 16 employess. But they tan produce anly B0 paces per day. Whan
the diwand bor & produdt saceeds e capacily of e process. Transfons, amployees need 1o work
casrlime, Indudng binng mors workers. The cosl of labor neregsed, In the pear 2018 fhis planl was
plarred 1o moresge production 1o aceosmodals the romasing demand of cuslomers. || the procucion
process does nol meet the nesds of the customer. The produchon will nesd b recrut more stal or more
machings. As a resul, the cost of producton increased. In the process of marulachuing labor fom
plopks with machings. Than s no chisr cparalional shegs wilhin e produdtion process and liss imis
for production. || s nol definssd as a large indosieg, Thers are delays in e peaduction process. Tha
procucion bne s rol balarced. Each slage al the sureay found thal the unesplopment o people and
machines did not work. Afect e delyory of The procduc] 1o delay the ousiomer. The ohjecives ol this
siudy ane 10 reduse The lima and unneessan skeps, o balanca the production Ene in the producson
process and 1o reduce the problem of delayed delivary which identilies the actual process improvemant
Lsing kan lechinigue,

Lifprature Revime
Ths indepandent siudy concepls, theones. and research related 1o improwing the eficiency and
effectiveniss o business processes. Vanety of types and sizes, which brings a varkety of tools ang ako

apphad such as Laan Tachriguecs.

dArotyais of waste in the process,

In S produclion process, there 1S oHen a hidden wasie, which is fhe sfoency and elfectivenoss
of T prociss i loeor than it should be. Thermlorn, /S netassany 1o pongiandy sxplone and aralyss
i procad 30 &3 nol 03 dearddk e wasln hal Socars, Thia is a0 Egtani Sl e m Eaing 1he
curmanl ghala ol T procesa a0 ™hal vabilly and sanflizalen ol waiiak can laed G Many ways 9
elminate or meduce thess lgesps (Obpsira, of al, 2017), ansiysed the carent slalus of S opeeal the
procucion process wih value sTeam mapzing (V5| 1o delect several wasies and 1o approprialaly
select lean lools for improsement. This WSM showed a high levsl of siock and several workplaces which
may have ameped becausa tham ane a large number o unplanned breakdowns due 10 mallunchions,
ety Cada kel e reachacedd thigaagh thi smplemaniagion of e 0ial productive martanansa, [Collay Jo, &1
al., 2018), ussd procies maps ko identity culpalen! pre-operaies holding area processss balom and
after mplesmanlaben of Ban inkervenbiors. Waste ard roo? Gausss were cafegonzed and worlgroops
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wens Gragles using the 5 Why's, ard fulure slate desgn, % redasign the aisling warklicew lor brsl cases
of the day. (Suland, 2018} Production dd not meseet cusiomes specilicaton that rewaork defect. The 730G
Tools inchude the Parelo Charl bo idenify defiects that need 5o be addressed. Then anakyse the cause o
tha defieci with tha lshikasa Diagmams And The ooks B0 improvn B production Tims and reducs the loss
of mpediEe, aeulbng in inkdsguale produd value KeBen s pamadily uiad 50 help redace repslife
problenm., Aeduce wirk bme, Reduce wasls dos e non-compisnce wth cuslome: requirements. Ths
reguls n mproeed procuclicn procegsas in ems ol me., Including cost ellectm praduction,

Lo, the researcher sludied the process ol doardrame producing then used V5S4, Sow process
charl and Aow diagrams o analysa tha curen wasia in the 1aciony case study. This is wsed a5 a
guickiliv 1o sedact lann 1ocls and mathods 1 eiminake wialas apprepriaey 10 intassn productiity in
i pIEaE

Using ol lean lechrigues i mxdustrial plants,

Lean echnique is a syskematic process improvement toal by identfying and akminating tha
wasie. It has been used axsensively in vanous Dsnessas o nceasa the abilty io peoduce cualty
preaiucss and mong atkesien, (Lam, al &, 2016, uasd tha ling Balardcang 199 10 redace imbalansag
workars and worklosds and 10 sobee bslllsreck probless on productian lines usng Takl tme v, ek
cysle dmas ol sach ssesmbly slaban, The ine balancng anakyses the abilily $o respord o Guskorser
rzgds of sach siafon. The slecironic assembly lne can mes the nosds ol cuslomers But, there amne
also lossas dus 10 the unampioymant of employees. ECAS has besn usad b combing work shalions
fror 4 B 3 Ak & fakul, the il of Balanca and allicency increass e Dalanca, (Anng2 & Sadnicka,
2 7], showmed thal amal and madim ecdaipsse (SMER) n Polerd ffa Kean on adepilivg Ban
manulaciuring phigssphy o s in e grganeaton n grder L mprowes e gpeealicn, B19% of tham g
aware ol e noed lo eliminate waste. Tha majr wasies were walling or malenals, 49% ol unnecessary
movemanis, 41% of damaged Qoods and 39% ol damaged machines, which alsd increased the
cOfmpsliivernet, Lean comphrian uga 1he Dasis principdas ol S&. (Gamaa, & al, 201E5, tha improsaman
of i pecciclivily sl e presepns vaiaal manulpsuning il whizh reduoad he moliang and wait
and aleg providesd 8 bater working amimanmest They remaoes the sirap and alher urnedessary raw
malenals. A addifonal seorter was empkresd J The ol wekding =abon 3o perioem the pre-ssdd joes.
Tha re-layout reduced the fransport tima and promoied the coninuous Sow. The ganambzed lxium was
replaced by a moddar lixture which reduced The time spent on indasing and clamping. Work slardarnds
wagrd dalingd 19 mpedea (he alcancg of w manulpsiuning prosass By craafing a diandand operabng
procedurs. Al thess mplementaions ke 1o e increass in procucivly of lull weldicg process and child
parts arsesbly salion and akso decmased itg lolyl opealing cycde tme, [Kguyen & Do, 2006), appied
lean lechniques in resmginsenng an ekecimncs assembly ine. Aeengneenng loouses on some aspects
such as recducing wasies, sandardizing works, imternal logistics, workplace designing and changing
lyeul, AT isprovament in througheat e Trom 7.5 days Inom 3 daya o e sama aeder, The sum b
of Gpafalas decranda 201, Aserngn Cychy i doirasand 4P ardd Arvas 305G apaca,

In doorlrame producion process B & pasan's wark weth e machine. || consisss ol several
siogs. When sesng the process thal produces wasie, there 5 no nesd for production. The eseanches
will giminata or consider whai sps can b combined withou increasing e workload for peopla and
machings and the sequenca ol production Slaps 1o FRdLCa LNNBCASEArY Mowement, production is faser.
And mpncvs e work aaamn aid mom coreanian 19 mduss the Tms and precsss of prodicion mam
efficiertly.

Lisinsg of lean lechrbgues n wocd and hemiture Esctory.

(Eujovain & Morninghovab, 2015, said that in waw o business procassas 1he fierms compalibon
in e liwkar and lurnidueng markel in Skraakia. in additian o ihe guably of he prodac), Ak anssdar iha
cuabiy &l allciancy of fdarral Duainsss proceiaed, Foos an mpneing roduciicn procaisde o pdd
walus b products s organizations. By seplormg dillerent wocd processng plants thal manasgemeand
tools Faves beon adopied o he onganizabion (o promoke business rocesses noerms of opimeration.
Inoreasa poductivity and gualty, reduse hiddan o0&t in the process. Most of the wood processing
planss im Blovakia are small with 11-20 empdoyies. Peodoca & few times. B doas nol gise fmporanca 1o
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improwing nlamal proceszes. Lean managesent, TP, and Kaeen faes resulled in 8 nombser ol
cparalicral wasies. Bul fmbabres’'s lumiure lachores have adopled lean lechnigess o mpross the
procucion of wehoaden ek for eepaort. (Myembaa & Sohawtk, 2017, siared Irom a work sludy (o geplore
non-valug-added aciviies, tha plant layoul is complax. Tha process was analysed by process chart and
e S Rgraera. Mg plant By B comphas. TR am e ool Mos ol pegcases foutes. & ol mechinary
ciften resuls in product quakly and defays m ddiling cuslomer: orders. As well a= the kecalon of the
macking is axposed Lo dusl, resuBing in same sl prodocts. The spray slalion is alsa localed rear glhe
work sladons which ars not property conirolkedl Alect $he salety of work. Lean lechniques have been
used o imgeoe 1he distancs batwaan shaticns Fal need o inlermcd. Aeduss washes nom ranspomation
and impring peadacion Sma alficknilly, A hendung mesulachaing cosgany m Soulhem Beazl
iCuireeardad, al al, A015), ampnesed Boih angoncme and produdian autcomed By 6 celbdar eameak
midel Work enlyrpgesent sod srnchrment, and the mpmssmants noworkslabon desgn and process
fliore moreased worker saisfacion and reduced postural risk, tabgue. Goaly pan and prodochon wasis.
Workioad was reducad by 42% and productivily increased by 455

This msaarch will cbeerve tha positioning ol work stations or machings in acoondanca 'with tha
produciion glan, Staing rom tha sunsay, Thi sieken slignmant of the lectory is curmantly i ling with tha
workllow wich high bequendces gl inferaclion are neschy o combing work glstions by a celulbar
bearmmork mmockel fa improve engonomic and reduce rarsporision dstsses, which reclucs waste fram
i -yaue-added acieeles lor improyement produchon Bmes sfhcieniy.

Rescarch Eethodolkogy

The maaarch uesd o the impaoveman of desrlmame produdion proceis and prochas]
celeary. Feganchers have made a bamesork for essarch approach al il is dvided inis 4 sleps 1o
the iolowing steps as show n

Study Froduction process and relased research

Sy proces and curmani geoblame By sladdng s maihcd and coleing dats mom ihe achasal
location: Then wrile and anakess e process 55 a3 whale, usng the curment siream of vabees thal provides
an overssw of the process from a cusiomes perspective. This makes i possible o denily e activilies
raaded o o iminate mashe. Study papers and Iheores relaied in process improvemant include 7 wasies,
Laan, amd Line: Baknoing.

Arglyaia ol curran produclion protass

The fgw process charl of dogrfrase producion rocess is dravwn 1o reales a5 process. Tha
value gdded (VA), nonevalus added (HYA) and necessary tut non-value added [MNYA) aclviies oould
b dentiliad Incm this stage. Tha Noay diagram shorss tha oy dineciion and #ra dislanoe of production
frgus th firs sl b the Enal sage of process. And anakvsis Delands of producion lirnss win calculatad
frgm produstieity per day Eq 1), Lina Balseca Falia o Bg (2, Taeget mangawar rom Bg (3 and Ling
Baknes ENcency lnam Eqid), & n

Productihity parday = OT/CT i
Line Balanios Faiio = Tw! N CT ] |
TRAQAT MAN orer = Tw/!TT 43
Lina Balancs Eficiercy = Tw' Targel manpoes*TT il

Where those vanables ars delined as olows:
OT = producsion Sma per day

T & [ha mdEl Tma-cansuming soakaiaisn,
Tw = hetal e of workenaliong

Pl w blal rum b al workgisions

T = Takl tme
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Caka collecton an process & praduct delivery

Collecls nlomalion about curren? work processes, manpowser, machimery used, transpor
distance botesen work sladons posion and placssent ol machines o slalions. Tramspod Sme,
componants, and waiting lime bateoen work. stabions.

IEnprave prodiclicn probeds & produss] daliveny

The improeemaent gladed with e uss of the ECRS principles 1o aimicale WYVA and RRAE
acissties thal ocourred I cach of the imestigated work sieps. Then use the ine balandng ool 1o
miremize mbalance: batwean worilands mn onder o achieae reduifed e corfinuols T undss the
ol iana of Casiomr redpara manta, And e e EhEdrs dsgram adanifies man Do rabie (i ks e
an &g of prollam abeul dalaeed defivary of prodects using brairdiommirg, Warasa with lesan
slad. Flesuls are anabysed by companng mumbar of proceesses, Hines, Ine balsrcs slcensy and
profodem of deleyssd delysry belore and aler mpnose menl

Results
Arglyais ol curran produclion prosiss
1. The deadrame preducion process was gludied uzing VS by aeamining The working process,

The prirmary data was colleciss 1o drasy Lhe cvsrvies of doorirams produciion process in Gurmn|
siaks WSk, Il corsisled of 11 worksiations which the kad ime al 137852 sec. BVA activilies
waare lound waling work in pmoess untl 100 peoss bafone 0 be ke ol fom planing and
groceing, MMYA activilies wees kound Iraneeait and napeciion, VA adiviiss wees Knd, shich
agurralnl 1o 72 60 % ol tha tetal tima & m Figeea 1

The il chasa st vater of e rac b Gad oy
iy hrn ] ey v privm | sy,

IO THES T2EFE

WDz I‘f:\ MW 118
| | T GiEee JIT%
[ 1 a4 - :-IT r—r-s

Vi Raks RETVA, Bl A Bamks

i kieal b O i e

Figura 1= Thie chart shows the rato of ime sach actrdy inideal dme vs aclual time

2. Allar B curan] Bale VEM wak shalched, overall doodrama producion procedsss amg mam
comgrafersle Tha waskes can b detechad Ingm &ach giaga. Tha s process o denlilad
12 WA ware carned cul, 2 MYA and 4 NNYA,

4. Fuow dagram Irem s planing slage bo the assembly stape showing the dstancs & move trom
tha planing stalion 1o the cuting station is 12 mekes, and ¥om e grooving station w tha
punching station & 720 malers. As & resull, ianspotations aka a long fma.

4, Probkem Dalivary 0 the Customern, T laciony and e rassanhes colect the product deliary
inkrmatan, As shien m Table 1,

Manthi ThE matlie ol diellveries
anT-ana on thme Oelzy

o D 38.53% 61 455
Pizasembar 3. 29% ThT1%s
Cwicéatibmi 3776 2 245
nuany +1.98% GH O
Fabrary Z0.04% TN
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Table 1: Tha protéem of produc] deleeny

The average deliany dalay of 57 B8% mikecis the problems of peoduciion processes Thas oannal
riGpond 1o cutiomar mequnrsmanis. Thomlem, wSe a dshbono dsFam o idamily sewanl
psilde ks W dedayad didary rasulte o probles. Theds &ro 3 Mar ressnrd

a) The wagless in the moduction pocess

b Mo ongoing order imcaing

c} Lack o8 coninuous communication and nfomalion sharng among deparimenis

Improve produclion process & produsct delivery
1. Imprinveman] processes usng of ECAS prndiples
s FAeduce the rumber of work 0 process Bedons moveng igem phaniesy 8 sstion s grooseng
B sigfon. Can educe The walling tme Sefore removing from the work station || also makes
imnsporation easy and shorer fima.
+  GComGinaion of work stabions: planing & and planing 2. Arduce tima down bo 32,25
Rty O fecpat wibeend Doy 1 3,58 ahea in Fig &

Faquin 2: Planring slakon atier mprosement

s fivkesgrate opamlicn and mepechon agether in groceang & atlition, Aeduse $me down o
5053 saconds gr sgquieaienl ki 15% s in Fg d

Figuie J: Clregsing & lRkan alir improvemian

o Msking jig lor pedoralicg sistion. Beducs bms doen o 1525 s=cors o agahvalend io
1857 show in Fig 4

Figurs - Periomalrig stahon aller imoroes mant
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o Peispere sguipeen] god aszambly o be peaifabls. Reduse e doem 36 3500 sepords of
pouvaler bo 1.2 97 shos - Fig &

Erom e resuls of the mprovemen! of dootfrarms production process, e e of 0,80 3 2.00 melers
can b neduned unnacassaliy slage as shosn in Figura &

Ubr piperi shoest: i prppler of cprch acinily
[ B I P P T S|

13 E
: : i 4
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lipormenm Irewpermsen Ergecies ]
mRakiy E&la

Figura B Tha chan sfews T rambee o1 sseh ackely
Can redupe T inspection bul Fansporation and delay cannol be reduced due o the chstacies in 1he
procass Myout. Bhow tha ima cranges. lor each actviy from Figue 7

Thir chmid wbarery: e firms o mer'h aodivdie
[ VS BT R e T PR |
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Figure T; Tha chail shoss Fe Hoe i sach acinly

Tha me in aach aclyiy sSer improvement was reduced, mhoh comesponcs &0 the ralio of me
cach arivly s based lpan lechrique. as refiected in Figun B.

The YA cab i6 highar. Thi i conesbam with the BRVA - and the BVA hive & adusad then becassae

imlagrals opemrabion and mepesion sogethe o graasing & sialion and rechse e menber ol wak in
process betore maving, makng Fanspodalion easy o shorier tme.
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Figum B: Thi charl shows the ralic of lims aach activily s bagad on Ban schnigua,

2 Combme wirkslabans usng The line bakncng.

Belore the improvemeni, there are 11 workstalions. Each worksiafon has a diferent production Smo
which e Balanca rafio of The producton ling B 32.52% and line Dalanca efficiency & 37.35%. Thus,
combing workslagons ara 4 major workstations undar cusiomar requiremanis, includa: planing, cuting,

penTorating and assambly. A& show in Figung §.

The el shewas (b i o qach serkaaikas b
Ryl

Tk g 117

113 1% i
_w-_ll

F'L-l‘_ 'I_-l.lllF PI'I.IJ.I.F
Figure 9: Tha charl shows the ralic of time each aciivity is based on lean dechnigue.

I Imnprovaman of produe] dalesery I Gaamang,
From e Imhbore disgras b the causs analysis, Lead g the follesing improvemants,
o mpegee PRe produciion process, A menloned in gecion mpresesent ol praslucion
prOCess.
= Increased racking of ondar siates on both the resd and tha sysbem.
+ Inber-dapartmental maalings “Delayad Didtoary™ b shaea informaton Bstwaan sach cthar, 1
phiws e Gurvan) prodcien salus regulirly,
Thes dislaped procuc] delrany was 54.34%, as show in Figurs 10,

R e R IR S
bty el e b g e el

[ L
[TE L MM

Rl £

Fagui 10: Thi chian shows the ralio of the delayed difary,

Improsssmenls from both producton and delvery resulled ima 1 3058%, drop in delories,
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Conclusion
The siudy ireesligaies the dooriame produciion protess. Lean techniques were used 1o
rsduce the waste which ocowmed inlhe peoduclion process.

Fadhice whnacakiary gage and ks,

Using the ECAS prircipls fo improve the gub-proceisss thal hine hidden wastes n the procese. il
is possible bo reduce the producion oecle tme frors 1341 48 secordls par plece o 114605 saconds
per plioce, o 1457 of the folal procschon oscle Ame. The three hvpes of lean lechniques can bo
classilsd &5 lnloss

»  MRNA, Ihis reducas the inggacion and mducieg the rumbar of ok in proces Reduce the
P b ] e in process Bslon mining fram plaring slge and groging B stage trom 100 1o
S piecee. The dusalon of B acieily was reduced Trom 320,77 secords por piece o 226,53
spoonds per peecs, which was reduced bo 300035 of nepess=ary bus mion-valee-aoided scirnes

¢ MVA, meducing the numbssr of Wil in process Reduss tha numbar ol work in process bedor
maosing feom planing stage and grooving B stage from 100 0 50 pieces thal reduced the waitng
tirn lrom 43 48 deconds par piess 0o 21,63 second par pieca down 19 50255 ol ndn-value-
added sclrpiios,

WA apply ECAS principles o slimingte ket wasles in the work process, such as planmng &
and planning B, groowing A, paroraling and assembly. &s meniioned aboee. The duration of the
actvily was reduced from S7T3.87 seconds per pikca fn 297.89 seconds par piece. which
cacraiiad 19 T80 ol vakse-pddad pddivilag

Improssprmant o dooiress producdion procets wvairg ECRE can ba summanzed in Tabda 2

Description | Belore | Aher | Decroase Percentage
L L L Aadisction (%)
-l 573,83 | 557 89 76.94 7 B0
- WA 4348 | 21.683 21 .85 S0.25%
“MMVA | 32377 | 226.53 57.24 30.03%
- Coyche Time [1,341 481 146,05 18543 14.5M%

Tabhy 3 Value arsalysis of doafdrame peodacinn precess Balom and allar irnmgrose man
Balanca of praduclicn e,

Combire workstalions fram the 11 wirksialions o 4 maer workslalions ueder Guslomes
requrements, include: planng, cutbng, perforating and assembly. Every work siadon can achise
recuined tha continucus Mow under the condifons ol cesiomer quiremenis. Tha balanes rat of 1he
production ine increased by 62 23% and ine balance eficancy intreased by 57.40%.

Radhuice delaya in dalivary ol products.
Improssenls in production and delvery can reduce delays in delrary of praducts by 13.55%.

Acknowledgemaent

The suthomn gralaluly schrosdscge the Escsllent Centar in Logsics and Supply Chain
Management (E-LSCMWI, Chiang Mai University for #he fechrical supporls. This researnch & pard of the
project CIndusiny £0 for SMES Inom the Evropsan Union's Horeron 2020 ressarch and immossdan
program under the Mare Skicdowska-Curia grant agreeman Mo 734713,

Ratévancig
v Anksz. K., Sladeicka, D 2017, Lean Phlosopty Implamantation in SMEs. Tth Interratioral
Conferenoe on Enginesring, Project. and Production Maragement [EP2R 2016, Seplomber
21.23, Biaksiok, Foland. Procedia Engnearing, Vol 182, Fages 25 - 32
v CCellay Jr, Cha, ES, Luu, A, Ho, M, Avaes. R, Pecson, M., W, Dalen, F,, Kahaky 0O,
Spallseng, B, F., Saner, 5., 2018, Laan mebhods w0 impeo oparaling room akclive Tesl cian

113



on-tme sarks in a e, wkan salely ot mesdical cestrs. The Smercan Jourmal of Sungery,
Papes 1-8.

e Gumardes, L.BM., Ameanclle, MlJ.. Ribero, J.LD. Sawise T, 2018 Padicipalor
argonomics intanention 4o improving human and production cutcomes of a Brazkan fumiters
company. intamalcnal Joumal of Ingheainigl Eqgonamica, Vol 49, Pagaa §7-107,

Garre, P Hkhi Brarades) ¥.V.5., Shrea Shaskank, P, Hanss, WL, Sai Cheasa) M, 2017,
Apphing Ban n aeaspace manulsciuniryg. Matenaks Today: Procesdngs. Voume 4. Pages
B434-Hads

Lam, BL.T., La, K. T, W, T.T., Do, M. H, 2018, Laan Fne balancing for an sletironics aasembly
Iy, 1300 Clloingd Cowfangncs on Sustainable Manulaciuving Protada CIRP, ¥al, 40, Pagas 437
— a3,

Plguyen, M. Do, H-H, 26, As-engresnng Assembly Lioe with Lean Tecfriques.
Procoda CIRP, ¥l 80, Pages B50-545.

Myembaa, W. A., Mocheab, C., 2016, Process mapping and apimizaion of the procass Tiows
of & furnilura manuaciuning company in Iimbalvwe sing maching dstance mavices. 14th
Gickal Conlamnga on Sustainable Manulastuning (QCSM Z016), Ooebsr 3-5, Siellenboach,
South Alnga. Procadia Manulsciunng, Vol 8, Pages 447 — 454

Oiwveira, J_ 54, JO Fenardes, &, 217, Coninucus mprosement through Lean Toaoks™ &n
apphcation in a mecharical comparyy. Procedia Marufacuning, YWol. 12 Pages 10821085,
Supcvaa &, Marcirakowah, K, 2015, Improvemant of Busingss Procasses — o Resaarch Siudy
in Wedd-procagaing Companssa of Siouskia Proceda Econamica snd Fingmca, Vel, 34, Pegas
296-302,

Sulwri. O, 2015, Process Imprvemen] usng Lean Priccples an the Manulactunng of Wind
Twbine Components- a Case Sudy. dth intermatioral Gonlerenos on Malenals Processing and
Characksizadon. Matarialks Today, Protgadings Vol 2, Pages 34I9-2437,

114



