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ABSTRACT

lmprm ing prodLlCllVity" th~ mal~ concern of an appalel companie.\ There are many

pmblcms in apparel companies Wh,~h ubstacle the higher productivity_ Unskilled

workers. physical fatigue from extended working hour wilhout re,t, ml;placcmcnt of

worker at wori:<;(ation, lack or training, ab<;ence of engmeenng knowledge and

engme~nng management to utiii7,e optJlllUITIefficiency ofworkcL which are directly

related to production Lack of interest of higher au!holily to implemenl the

engineering management and technique 10 increale productivity llnpeut to accelerate

the l'r()d\l~l1viIJ in apparel indu,tl)'.

As the ovcJa1J daily performance of each wOlker is nOl ,arne and the change 111lheir

performance defer f,-om one ",'orker to another worker In this dlCsis. a study has been

eurned Olltto TLndOlltthe effect offatigue on productivity and to form a framework to

Improve the productivity based on the overall performance of worken During lhe

investigation attention is concentrated on how physical raligue of worker, innL1en~e,

the daily production rate and way to l)ptimiLe lile produelivlly 01 apparel mdu,lne" It

ha;; been r(lLlJldIhat ir perrormaute 0 r worker~ me observed reglll uriy aTldIhe~e re,ult,

are properly lmplemented then d~liy production rate mcrea:,e up to a satisfactory level

with the same efficient workers. same machineries and same technical racilities Even

d'phY~lCal f~tlglle eX;,I>, 10" due 10j~tigue can be reduced to a remarkable label



CHAPTf:R-T

II\TRODlJCTIOI\

1.J lntrodlldion

A InaJor movement withm the r~]Jidly~m~rgmgglobal m~rket h~, lnvolved il ,hlfting

Foell:' from low co,l products to high qll~lily, high value rrociuw., Spe~di~"-lly 111Lhe

garment industry where compl11tloll 1, 111gh.In additlon to customer dri,en demand"

companic~ arc being made more responsIble for good workmg condltlOm, on the floor

by governmenl Teg"iali(ln" light labor market I, and recognition Dfthe vallie of a good

employee. To meet the,e demands, garmenl1\1anuraclurer, mu~l rind a manLlfacluring

method (hat meets or exceeds quality ,tandard, \\.hile decre~>mg cost, through

oplimizing manufacturing prodUClivity, efficiency. and safety Fatigue plays an

imporlam role in designing systems and tasks DeSign of successful workmg method

help> 10 l,Iiliye Lhehuman capabilities with job demands A mismatch of th is intcrfa(e

can increase expen,es, thus alTecling the nel plofit by causing human operators to

make mental m,stake,,; work ineffieienlly. 01 work beyond thelr physical capabtiLlit,s

to the point 01 injury Work€,.~ faligue research has becn employed \vhere h1ghly

repetitive and km' (0 moderale rorce levcls Accumulatiotl of musclc fatigue that

[e\Lllt~in chrotlic muscle pain is commotlly con,i{kr~d a causative raclol' l8J.

hlllguc a, a major problem i"\,the Bangladesh workforce. and one with a major

,mp<lct 011product1vllY and COSlSWorkplace conditiolLSfor which fatiguc is a major

syn'ptmn "Llch a" depression or arIXiety aecountcd for only a ;mall part of the

pruducl,,'ity losses Far morc of the costs werc tbought to result from a wide range "f

olbcl physical and Inental health problem, that may oceLlI' when raligue is also

pre,ent ratiguc reduced work perfonnance muLnlyby inltrfenng "iLh concentration

~Tl(liJlcTea<;ingIhe time necded to ~ecomplJsh ta,ks

rhcrc is a clear rcl~tlllnship between qu~lily and produuivity Generally> when

quahty Incre~~e" 30 will prodLlctivily, because wastc IS eliminated. Tht, ~mOLJnlDr

inputs rcquircd to produce outputs i, redlJ~ed So producti,ily increases Ihis can

h~ppen as long~, the mdivid,,~1 or gwup ofindividu~ls is wJlhng to exert ellon ~Jld

- I-



h~~ the capabillty to ~chJCvcthc quality pmduClivily levels d~wed It ISthc 0pclalion

maTlager's task tu pruvidc the facilities. tools and desire or mOlivmion to do so [5]

1.2 Problem Statement

DUring the I~st d~c~de, there have been several changes in Ihe imeillational llade

agreements for apparel produetl, which are generating ne\\, chalknges and

0pl'urluniliel lor the expurl-oriented uppurel mdu,try of Banglade,h Bangladesh

economy m u>sociatllln with low labor prodUCl1vity,a 10\'1efficlCncy of the workers.

lack 0 r el1icient infm,truclme , low le\'el "I im eSlmenl, lack or opportunitit" on the

job lTallllJlg,lack ol'kn()wledge and aWUleneSSoflhe mUTlagemenlabout produclivity

ilTld qu~I;ly ~l~ int~nSlrying Ihe int~mutlonully origmm~d ch~llenge, So It I;

nece,s~ry for the readymade gannent, mdu,try of Bangladcsh to develop a standard

framework for some functlOns of quality and productivIty to maintain the

inlernational le\'el or Slandard, or qualily (0 meel lhe changing needs or all (he

CLL.,l()JT\eTf"

Today, the Bangladelhi garmem<; indullt'y i, racing a lieree competilion in global

markel, where pJice is ordcr qualiflcr whcrcas excellcnt ,ervice, high qualilY of goods

and timely delivcry are order winncrs Increased compctition. product diversification

and exccllence Lll~erv'ce have forced gi(rment manufaclurer, lo lncreu,e pro<!lldl\'ily,

10 rcducc cosh adapt to demand cycle and improve quahty Only those unitb \\,111

,urvi\'e Wh,~b ~re ~OJl1petill\'e and el1lciem in all respecl For the tall decade,

iTlcreusmg global compelilion in manufacluring has rorced companies to rocus on

enl,"n~lng the eilieienc,e, and eeonormes of scale in all or lhel1' business pro~esses

"Ihcre is a growing trend to\vard, downslzing 10 decrease the labor costs of

mallufacturing and ~ssembllng products, One reoult of till; trend is that do\\'nS;7ed

compallle" ure i'lrced to produce more u,ing rewer resources To compensate for the

1Cwerworkcrs. ovcrtime hours \vorked by Indmtnal hourly w'orker8 buve been On a

,te~dy lnue~,e for yeUTS,Unrortunatel." this increase in physical fatiguc can lead to a

decrease in Ihe quality or (he produced goods because of the rcduced accuracy of

workers' movements [11]

- 2 -



Appllcation of indu~lTial engmeenng techniques .Iuch a~ time study, method ~ludy,

lint balancing and fatigue <;Iudyl~ totally absent. though by uling those techniques

prodUl1ivlly can be Improvcd Allhough there are several rcasons behind the,t, all can

be attnbutcd to lack or knl1\vledgt and awareness of the management about

productivity Improvcmcm lool~ and lechmques Hlghcr official OJ' Owner of the

gJnncnt company ,hould be a",are and takt necess~ry measurc ror improving their

c);]sting productIOn capacity, The main issue I; to analyze thc cale-,peeirie Siluwion

of productivity Issue tbat ISaffecting a parlicular ca,e,

1.3 Objectives

'I hc objective, orthe ~llJdynre:

Fmdmg the etfe~t of tiltL~,'\leon worker's per hoully producti"" rate with tlme

imel val and bow does it change

2 Finding tbe elTect or ratigue oIl labor utJl'7at,on ",h'eh is the ratio of producti,e

time and cycle lime or boulene~k tlmt, HIlt time and cycle tIme ofworkcr

3 To e~tegonzc worker according to their performance

4 [)Clermrnc the most probable pc, iod or fatigue of \Vorker

5 Developing a flamc,,"ork 10 impro,e productivit],

The main outcomes of this study arc: (I) RelatIOnship am(mg product,vLty, uti l,z"tlon,

idleness, Ime el1i~lenc}', ii,ligut I"" ofa~stmbly hne and workcr's fatigue (2) A set

of guideline tor improving producti viIy_

1.4 i\1ethodolo~y

TiLemelhudulog]' 01"lhe ~tudy:

D"ta collectIOn trom the sewing floor of each worker oCeach time ,egrnem DCatL

assembly lint throughout the Shlfl by splitting the entire shift into 24 equal timc

sc"ment"



2 C<llculanng the performance of worker~ by comparing processing time and

SlaLldanlpro~e,smg time, ealeulatmg machine lltilization by eompanng produetlYc

time of a cyc1~wltb cy~l~ time,

3, Cakulat1ng idlencss from idle timc ofa cycle and cycle lime lhroughout the ~h,n

of ind,v.dual worker

4 In\'e,t1gatmg producl1vity loss du~ to fatigue based on maximum production

capacily considering no raligue and actual prodLLCllOn<eapacity.

'i, A, prodUCllon capacity of aSbcmbly line dcpcnds on thc bottleneck point,

therefore eHiClent worker ;hould be placed at the bottlencck pomt l'lcnee,

Identifying and replacement of most efficlcnt worker at bottleneck poim to

optimize productivity

6 Unne~es"ary extra worker leads to increase plOduction co,!. Hence, relea~ing

iJlelT,cienl \\,orker li'om the work ,lalion if unnece"al'y extra worker i~ aSligned at

the boltlell~ck point whel'e prnduclion capacity is more lhan (wo times than

buttleneck point.

7 i\nulyzing plOductivity capacity of cach time scglTIentthroughout tbc shIA:

~ "'lIggC;t10~Sfor 1mplementatilln ba~ed on the ()ut~llme~of the ,tudy (i,r improvmg

pruduetLV1ty,

Conlinuum Ilow ol'materialthrough the assembly line

2 Worker will show thc same performancc whlic pel'forming at any workstation, i,e,

n(l rbange 1~eftkiency due to \'ariatlOn of operalion

3, There is no effect un periiJrmance du~ lo ~hange In weather, variation in working

envlronrnenl

4. No elfeCl of raligue ol'data wllecto, in collecting whole day data

1.6 Conclusion

To orgafll/e ,,-,sembly lype orp,oduction luccessfully, and havmg unbroken material

flo,\", it lS nccc;sary to be fam,l'ar with perlorrnance of worker. a\ a ba~i\ fi)r defining

optimal melllod, of work, more favorable ,tructure of the oper~l,on 1Il question;



machine utl111atIOnratio, worker load, wurker and hourly production, To be able to

e<;lahl"h II optimum assembly line, it is nece~sury to have an overall view of ~II

WOlke"-"label of ~kl1lpus,es, f~tlg\lc In thi, sludy, II has been t,-ied to ma~imiLe the

Ullll/allOn "I' worker's efficlcncy. l3y placing \\,orker properly at the workstalimL in

assembly line, production ~upa~ity has becn aimed to be increased,



CHAPTER-II

WORK FATlGtJE

2.J Introduction

Fatigue is a phYbl~uland/m mental state call5ed by over exertion. 11reduces a person's

capabilities to an extent Lhal may impair thelf btrenglh, speed, reaction time,

cl'o,di"ation, decision makmg, 01 balance A level of fatigue is a natural rc<;ponsc to

the meTlt~1and physical effort of everylhing we do Normally, good quality sleep

1C\'CfSCSthe Imbdlan~e, allowing the body and Ih~ brain to recover. lkme\'er, w(\rking

long hours, workmg wiill inten<;emental or physical effort; or working during some or

ull or the natural time for sleep can all cause e)(ceS~l\'e fatigue. All of these have

obvious implications rur workplace and public ,afely Fatigue can also have Illnger-

term ett(,~lson health Fatigue is delined as a state ofbemg lired It can be caused by

long hours nr wnrk, long hours of ph,rlical or 1l1ental adivity, inadequate reSI,

e!;CCSSIVeslre'l, and combinat1on, or Ihese factors The signs, symptoms and afrect

falJgue has on workers varies from one person 10the next, howe\'er fatigue may affect

the indi\'idual v.'orker'1 ability to perform [2]'

r,,11gLlei~further dcfLnerl ~, when a target for~e ~~n nn longer be generated and

therefore resultlllg in a gradual fall in maximal fOlCC"lhis redU~llon 1Ilmaximal force

~all be in part dependent on a per,lon-, state of tltnes', muscle fiber type and com[Jo-

"llLnn,and the Iype of exerC1,e heing pcrforLned, The ()n~et of localized mu,ele f~tigue

is detrimental tn product1vily uo decreased strength amllo~\ or precise motor conlrol

~~ll have negallve eflect, on pl'-'forma nee IIIterm, I)r ,peed and quality [I],

2.2 Possible Indicators ofWol'kplacc Fatigue

• feeling drl)w5y!relaxed:

• tcelillg lired or ,Ieepy, or !lot feeling refreshed after sleep,

• blLlncd visil)n:

• Incre",ed lTTitability,
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• finding it ditlicult to kecp your eyes opcn,

• taking more frequent naps dunng leisure hours. or falling asleep at \vork:

• Ending it hard to concentrate and/or making more mistakes than usual,

• c~cesSive head nodding or yawning,

• ;ncrea.\ed ab~enteeism.

• repeatedly moving "lllrad while driving vehicle.' and plant and

• near ml,s~o

'I his list is not exhau;ti\'e and the pre,ence 01' lhe~€ indicalor, doe~ not necessarily

mcan that f~tlgue i, a n<;k, Management or fatigue should not just rely ODworkel'S

rewgnizing these symptoms, as thc ;ymptoms Oll th",i! ')\\'ll have h€ell found lO be

unreliable indicalor.1 of fatiguc The employer mu,t ass~ss the risk and implement

control m~a8\lre, a<;required 141

2.3 Some Possible Performance Impairments

• :olov"cd reactions - physical reaclion Ipeed and speed of thought

• I'ailure 10 respond - to stimull. ~hanges in the surroundings, informatloll pr()\'Hled

• lncorrec! actions - eithcr physlcal or mental

• Fli(wed log,,: and judgment and an Increase In m~lllory errors. including

I'orgetfulnes,

• Decreased "lgilancc

• Reduced motivation

• l~creased tendency for risk-taking

2.4 Factors which have an Influence on Fatigue

The i""e DC,tress levels in the workpla~e i~ 01' growing intercst ill thc field of

oc('upalional health ~trcss has bcen defined a, a continuous avcrsc ;1tuation, tbe

evasion or which IS subjectl\'ely or objectively important to an individual In

siluall(lIl, of SUC,S, the individual is not totally In conlroL Tn the setting of a work

em'ln\Jllnent, tbc main source, of occupational stress are organi7atlonal factor.1 (job

demands, lank, etc) and work ha7ards, the mD~t common of which are air po\lulion,



I]o;;e. vlbratlon, phySlcal and psycho physical stram, visual exertion, anll inadequate

\\'orkmg pO;;Lufe Occupational strcss con;l,tentlv been relaLed lO Lbe incidence of

p,yc1Lo;;omatic disorders and mental 'lre% In ligure2 L the factors has been

demon;;Lraled "hieh affects thc output of worker [6J-

Worker
demographic>

Trainin"o

Psychological Physical 'R~ljt(' f n\'ironrnenLal"., de '
10d__ /illi!:"factors ~kill 1//£mhh'1' ',: stres,,,\,1, ", __ 11 ..

j
Physical ouLpuL

Figure 2 1 Component> lhat affeCl phYSIcaloutput [7J

(a) Shift \Vorl,

In term; of work hours, shift work" delined as "ork th"t starts be!'Jre 8 OOam and

finishes after 6,OOpm A biological delinition of shift work would be any ,,,,ork pattern

that c~u~e~a change in nonllal sleep paltcrns

Shift work (lll particular mght work) can be a powcrful caLl~eof fatiguc when Lt,

• Limit, a person's Oppo,1Llniticsto get adequale sleep

• ReqLlircs them to work in thc early hours or the mornmg, when people arc

nonnally at their sleep,esl and least functlonal,

(b) ExLcnded Work Hour

Shdl thm la,t longer than 3 hours arc classed a~ IDng or extenlled. People may work

long hours on a shorHcrm basis Il1deal wnh a major emergency or an Llnexpccted

siluation, Dr they may work long hours regularly for financial Dr othcr reason~, The



effe~b of working long hours depend oJi ho". long the work periods are, ar~ how

onell they occur, and at wh~t time or day Sleep restnction hus dear negative impact

Oll human performance. It SL1ppre~sesthe immune sy,t~ITl, increa~e appetite, and

makes Ihe hody incrca,mgly resiSlanl to illsulin Several nighlq or re<;trictcd sleep

neate a sleep debt ".Inch ha, clem effects 011perforITlun~e.

(e) I':!'fectsAccumulale

The Lnmhined effects of sl~ep re,llrielion and e,,1ended hOLlf,>or work has a ,hort-t~ml

Impact on performance, and 1nthe long term may affect cardiova<;cular health _m~ntal

heallh, ,laICly, and productivit)'

(d) Nighl \ ••..orl,

,\lllhc statement above rerer~ to day work. Working a( night has a gr~aler impact than

\vurking Lhe~amc number or hours in the day tim~, unci the impact I, even greaLel

wh~n the "'01k hour; ar~ exlended On avcrag~, ,hill workers lose 1-1.5 hOLL)'sof

;Ieep ror each 24-hour period This build lip a sleep debt of (, hour; after 4 nights

Working more than three or jOlL1'nights in a row lb likely to cause a SlglllficanL ,>Ieep

debt, with serious consequence ror safety Kight-work hours should be Iimi\ed 171.

(e) I\'oi~e

Exccs,jve eXpl1SIIICto loud 1l01;ecan inevcrsibly damage the ear, rcsulting 1n nOIS~-

Induced heuring loss 'j\'\IIsance' Jloise can be annoying and distracllng and result in

rcduced job perrormance and salisfaction. Noise may also be unsafe ii it impairs

c()Jlll!lunicalion In the work cnvironmcnt, su~h as by o,-crpo>vering aLldi(ory alarms

(f)Lighting

Lightmg le,els need to be appropriate to the task and must comply wilh AUltralian

Standard 1680. \Vo,-kLng lJl dim or ovcrbnghl work ellvironmenlS can rcsult in

eye,lrain. heaclaches, irntahilily and. Jnevltably, reduced productlvil,' Light soure~o.

inclucllllg the sun, can create uJlwanted reflections, glare and shadl\\\'s in (hc

\vurkplace that cau ~ause discomfort and distractioll, and can interfere \vith the

perrormance of visual tasks. Lo\v levels of hghtmg can caLlSCdepression, which for

;ome peopic may be beVere
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(g)VentiJntion, Air QlInlity and Thermal Comfort

Ventilation " llnp0rlant for the control of dust, fumes, gases. ncrosol" ~lilllaLe and

lhermal coml,)rt ractors E"poqure LOdifferent type;; 01' dust ca~ resulL in fiblOsis of

lhe lung alleTgic [eactlons and aSlhma attacb, Various vapour;, ga,el and acrosols

hove Lhe ability to "auSe rcspiratoT}' and ,klll damagc Extreme, of heat can re,\uce

LOHcenlration ~nd LliOlivationand c~use a number of heal-relaled illnes,eb, F.xLlemes

ot heaL can also reduce lolel ance to chemical and noise expo,ure. and increase the ri,k

of heart attach,

(h)Vibration

\Vh,,]e body vibratl(m, e g fWlll riding a mower, can affcd comli,rl and performance

even at ilm- levels and can c~u"e damage to the "pine, stomach pain and

ga,!WimeSlinal complalJllS Hand-arm vibratlon, ~lIch as from hand 1001<;,can have

negative effeClq on muscle; ~nd lhe .Ikclcton, and ean contribme to ~arpal tunnel

<;yndrolllC,low-back pain and v,bralion while finger, f(,r example

(il Radiation

"'POSlIl" LaulL",nolet radiatIon from lhe Slln CJn mducGpOlcllllallv lethal skm eaLlcers,

hpO,llre LodLr"~!sun, par11cularh bcl"ccn the hours of elc,'cn and t\Yo. ean r~sllit in

,unhlLLll.hc,lJacilc, ~Lldfal;gue Ddlolcn! people have v.~ryillgdegree" of sells,!i"i,!, to th~

,,'ll. e g fair frc~kkd skin OftCLlbum, IlloreqllJckl<'lhan uhv~ ,kin. Prec~ulLon;for ",o,dlng

,un ~'P'"'' rc should b~ fClllo\\'cddiligentlv b,' ~\'~T!bod,' 19J.

(j }I::rgoll om iI"~

Frg"nomics and human factors have been around for approximatciy 60 year>, DUling

World War IJ there \\,as a necd to deal wilh employee taLlgue, strcss, Injuries. and

PO(\[pelrl1nna~ec dLle to mismatchcs belween people ami technology, unusual work

,chedules. and dellla~ding and thrcatening working condilion, Ovcr the en,uing 60

year, elgonomic Te,earchcrs and praCliliollcr of ergonomic, havc learned thaI the be~t

way to addrel' ergonolllLc c()ncerns is to take a broad view of the problem,

enl'ounL€red combined with focu,ed ,olulinm The broad view ofa \vOTk(lince,s and

Improvemems addrel,es the ~ced to make lure that improvements in one area do not

lead to problems ill another area It account, 1'01lhe Issue, thaI oflcn occur elsewhere

in the work Iyslem \\(hen JUSIa focuscd approach is used Tnonc area. Thi, has led to
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the Ilmlel\tanding that a bigger "iew allows the ergonomics practitioner \\,ho" lrying

to \"lv~ a problem to addre,,\ both the specific prohlem (the "micro ergononllc,,"), and

10 also deal wnll lhe lamifieation; in the entire work proce~~ (the "macro

ergonomics') Micro ergonomic factors d~~1with design characteni>l1c~ of tasks. or

tools/technology, 01'the environmental conditions, or the capacit )'/knowlcdge of each

individual employee It addre,ses Lhe specific ergonomit risk factors In a parl1cLLIar

task, Job or operatIOn Macro ergonomic factor, deul with larger issues such a" the

olganization of Lhe \\,ork process. the coordination of ta,ks 'Hid activities among

employees, the ,upeTvi,ion of processe, and employees, and how people, tcchnology,

tush und environmental featurcs are integl'illed Ergonomic ,mprovemelll'i and

interventlOlLI muSI account for both Ie, cis and their eJfe~ts on the ,,'ork system to be

;;uccessful [SJ

2.5 Fatigue Management

The phYSIcal a~pect~ of a workplace environment can have a dire~t m\paCI on the

productlvit]', health a~d safety. comf0l1, concentranon, job ,atisfaction and morale 01'

the pcople within it Important facwr\ in the work environment that should be

consldcred mdude building dc,'gn and age, workplace layout, wod(station set-up.

funlllure ~Ild eqLllpment design and qu~lily, ,pacc, temperature, ventilation. hghnng.

Ol\lSe, vibration. radi~tion, air quality Ergonomic\ is the study of the TeiaLionshlp

between people, the equipment they u,e and the physLcal enVmll\lnent in which they

\\ork, /\pplying ergonom1~ principles to the de,'gn, modillcation and l1lainLen~lleeof

wOlkplace environmems, has a benefit on people's \'fork perfom1allce and sholt- and

long-term health and ,afet)' When pcople are working in ,ituut1(1TL\that sllit their

physical and mental ahilities, the correel r,t between the per,on and the work ta,k "

accomplished People me tilen in the uptimum SituatIOn for lemning, working and

acllie\'lng, wnh"ul ad,crse health consequences, e.g injury, illness

When assc"ing lhe workplace environmem, con,itleTation should be given 10

indi,idual human characteristic;: slich as age, ,ex, experience, physical stature eIC"

Hnd how \\,dl these human characteri.\tic\ match Ihe phv!acal environment

AppJOp,;ate dcsign of workplace environments \"111ensure lhat lilcy ac('ommodale a

broad variely of human ~haracteristics The work env,ronmenL "hould satL;fy tile
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physical and mental Tequi,cments of the people who work within II. The n"ee,.\ary

adjustment" lo the work arca, ,n tennl of the heights and angle, of lurnitUlc and

e'luipmenL should be made filTthe comfort and safety of ea~h person

rhe tour l]laln ~'Jlegnrie.\ or physical ('harildemlic that necd to be considered in the

work envlrlmmenl me'

• Clearance. e,g, headroom, legroom. clbow-room, access .

• Arm reach, y"hich has a bearing on storage ormaterJals .

• Posture, which has a bearing on the location or matcrials/equipment, helghL\ or

working surfaces,

• Strenglh

Ph}'lical environmental fadors ean have an adversc Impact on people. The specific

phY>ltal 1:1ctors that limit performance will Val)' depending on bOlh the work

environment and individual d,fferenee, Thosc people ",ho are workin"o wilhin an

environment arc the ones be,t able to identify f,l("tor, that alTect thClr v'iOrk It i,

Imporlanl lO involve these 'bandl-on' people ID consult;uions wilh supervisors,

nmnRge" and occupanonal health and safety per;onnel when considering option, for

eon\,olling the risks in question

The Ilressors of monolony, boredom, and mental ra(igue arc a progres,ive qet

beginni~g '''Ih monotony, which has been described as "an environment i~ which

there ib either no change or change oc~ur,; in a Icpetitive and bighly predictive fashion

ovcr wlll~h the individual has httle or no control" i)cternllmng factors related to the

dcvelopment 01' boredom and monotony are training and Ilnili.mnily in work

conditIOn, is e'l'eciall Yconcluei\'e to the development of boredom, (lne ,tlldy in 1~I~

,ho"'ed, the higher the trainmg le"el the hlgher reSlllling level of monotony and

boredom experienced re,u1ting rrom a lack ofstimllli, These people belong in design

functions, which would supply the re'lilired slimuh a~d ~hallengc to avoid boredom.

Humans require stimulation to perk their interest rather than uniformity lTlworking

procedure ",Inch i, conduclve to boredom, however ",hen (he ,timulation becomes

prerlietahlc and uneonlrolled humans le~d 10 reel monotony Wh,~h lead, to boredom

al,o considcred un emotional state, the eventuality 1, menial fatlguc where ~taff

blmply no longer cxpre,ses and interest in perl'onning the task at hane!. If the
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environmental condition that Lnducedthe horedom i, allmved to conlinue and the staff

~xpc"'ellee; contmuou~ eXI'0,ure adaplation evolvcs making the work tolcrable but

neve" enjoyed[7 J,

Ideally, a predl~li\'e model ean he generated that \vould alto\\" Job de,lgners to

e~lllm,le when wOIleers wi11reach unsafe levels of fatigue, Tlll$ w,mld allow w"rk 1e;:l

schedulel lO be created that prevent fatigue from de~reasil\g producli"ily and quality,

and/or ~llov,' Job> 10 be designed lhal do not cause significant fatigue during the

cxpected shltlle~glh,

Company rccognlzes that fatigue I; a factor, which may ~Ired a w()j'ker"s ahilily (0

peri()rm menlal and physical lasks All managenlent and supervisory per,onnel mu,,[

be able to recognize and respond to the sign, and .'ymplmns lhal mighl impair lhe

\vorker's perforl1la~ce due to filtigue, Training ,""ill he provided to recognizc and

rc,pc)nd [0 fatiguc issues III the field, The 1~>ll(J"iTlgsegment;: or the fatigue

m<ln~geme~1sy,lem are genelal guidelines. which may be adopled III\\holc or IIIpan

fur individual coJJll'anie\ Each company must determine which atopects are

operalion~lly and \Il'uclurally fealible for their situation and Implement them

aC('l>rdinglyl2].

2.6 Responsibility for Managing Fatigue

1.Management

• Tn ensure the Fi\1S (l'atlguc :\1anagement System) is implememed lhroughout the

company

• PrOYl(le[he neceSSaiyin formation about fatigue

• l'[Qvide instructlOll and trailll~g

. Communicatc cmployer expecta[lons

• ,vlnnito[ lhe effects of extended "O[ k hours

• 5uppori employee;: who are expCrlencing concern, with fatiguc

• ,\ssi;:t and adVise line Supervisors

.lnve~ligale any problems and/or con~ems

- 13 -



• Inspect thc workplace and rcvicv,' FMS with emplOj'ee~

• Review the !'IdS

2. Suprr\'i~()rs

• J~n,ure all crewrnemher., understand the FM~

• Conduct oal'ety meeting, diseus,ing fatiguc and the FMS

• Promote the F~lS

• F,llSllrela~k<;ale performed in safe and healthy manner

• Be awal e of the pos,lble n,ks ~%O~latedwith extended hour, and/or

LoW;eCltlivcday, of work

• GLVe\\.orkers as much notJce as pO;Slble 1I" extended hours arc anticip~ted

• Ob,erve and reeord how individuals respond to n!ended hours

• Recognize symptoms of fatigue

• (iel leedbaek from Ind'vldual erewmembers and the crC\\i do a whok

• Take prnrnpl aelion if a [lSk de\'elops

• Relay i'lformat;on to and froIT] management & employees

• Report any f-'ldS prnblem~, conccrn, and/or '>bUes

3. £mployr{'s

• .'\ctively partlclpate rn FrvlS lraining

• Recognize symptoms of fatigue

• Promptly repon any f~tlgue related concern,

• Report any individual medical or personal sitllilllOnI, ".hieb may have an affect

on ratiglle

• 1'0get propcr re,t dunng time off

• Ident ify per,on~ I stress and ~eek a,si,tance If required 161

2.7 Conclusion

Worker', physical latiguc J, common i,SLle in the garment comp~nie~ I'rocc,se, of

garme1l1 pwduction belong 10 the .,0 called piece-type of production ]Jro~e,ses
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(uI,>emhling typc), while the work i, perfOimed on production lines, including U

nurnbel of technological operation, In garment phy,ieal fatigue grow, from

incontinent workplace to \vork in,ufficient lighting. vcntilatlOn. Ignorance of

erg<1JL(JllllC,considclation, itl,U!flcic!ll ,pace allocation, highly rcpetitivc operation

lead, to grow fatigue It I, ,ignificant to take ncccs,ary measurc to removc those

,ouree, offatiguc whcrc pos>lblc
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CHAPTER III

LITERATlJRF. REVIEW

3.1 Introduction

Productioll capa~lly of assembly line nol o11lydepends on (he capacIty of machine,

smOOlh /low of material, through the ,UCCCSSl\'Cmachine but al,o depends on lhe

~apability of worker From \\.orking long hour, "OI'ker b~COlllCStIred and call 110t

pel form with hi s or her maximum eni cieJlcy In add ition, performance of each \,'O[ker

I, not same -]he,efore, ~s,~mbly Ime should be de~iglled based on the performance of

worker "here productIvity is triggered by capubdit)' machine and worker, There arc

many the,;, hiJ>been conducted to rLndthe drec! of fatigue and Ii)UJld a promIsing

I eSLLll

3.2 Historical Backgroullu

In One ~l\l(ly has been conducted (0 find the etlect of rest period on hand fatIgue and

pmcilldivlty, Jll order to achicve lhe re.\eur~h obJecllvcs, an industriaJ hund t~sk was

simulated m the ficld. rhe experimentaJ task consistcd of colJe~ting haod strcngth

meaSHTements and recordlllg the IlLllnberof dnlled screw,. Sixteen study voluntecrs

wcre randomly 'I,>slgned a numbcr of one Lhrough slxtceo. rhe parliClp'lnts haVing

numbcrs onc through eighl were assigned to lhe conlrol gruup while participants Jlllle

Ihrough sixtcen wcre aSligned Lo Ihe experimental group (i.e" eight participants to

each group). Recover}' lime \Va, used as the main tl'ealment effect under lhe

expemnental condition ~nr the purpose of thiS expcrimetll, the partiCipants of the

~ontrol condnion workcd wilhout havmg rccovcry time (hreak~ or stretching) vcrsus

the cxperimcmal condilion partlcipanb rccclving recover}, time (breaks or stretching).

The expenmental group received IWO,two mmute rest periods, ,\ Tesl period was

gi ,en an er Iell IIIillutes of contlflUOUSdl illing and Lhe01her ""as givcn aftci lhe ,eCl1l,d

ten lTILnutc,of drilling "1he control group recelved no rest periods and ""as required to

([rill t'or 20 minutes continuously, .'\neT 20 minutes of control group and 24 minute,

of expcrlmental group including re,t periods of drilling, post-lt,1 hand ,trcngth

- ]6 -



me~5\1rcments were eollecLed, Th~ mean number of ~crews of control group is 157.5

and mean number of screws of experimenLal group is 162.5 The mean hand strength

of contrnl group is g.14 pounds and mean ,treflgth of experimental i.\ 89.4 pound;

Collected data show, a very significant lmpact of intcrmittent le~t period on recovcry

offatiguc and productivity 121.

Smnd~nl processing time of an operation Ihollid be enuugh to cope wIth the stress of

wOI'kwhich generate from envirunment ofworkplacc personal need, and ~rgon011l1CS

While calculating [he standard pro~es\ing llme or operatlOI1 some coefficienL .lhoLlld

be ,onsldcred such as temperature, ergonoml~b. personal allowancc, physical fatiglLe

etc In one study carried oul 10 ~xilmine the standard tunc norm of garment\

engLneel'lJlg, Lhey li)ufld thaI nonnal time of sewing of a length of 52 ~m is 15 ~

~econd\ Imt clln"d~ring th~ ~oetlicient of other factors the pmce~sing time i, 16,7

seconds II seems S()IJl~fadors dlredly regu late the producti ,'it y of as\em hiy llIl~,Bul

thi, c~n not mcet wLth the individual time demand. Physical fatigu~ thm generme fi'om

long lime uf wurkmg doe, not ~amc for each workcr 11dcpend, on physical \Iamma

of human belllgs If c:\1ra time is added to the normal prnce~,lIlg tlln~, the productlon

~apa~lt'i rdllces ~nd d<rectly t[lggered by the individual capabil ity 171

PhysLLalworkload SLalldardfor d,fferellt tat,k ,hould be consistent \,'ith the ahility 0('

assigned worker. Standard wurkfoad differs fi-om one type of task to another type It

depend, on thc nature of task But excesqi,e workload and lmproper po,ture of

,,"orklllg leads to musculoskeletal disorder and reduces effort of \'vwker to work. To

get plOhlcm fLom mu~culnskeletal dl\lml~r, ~rgonomic factors should be considered

while designillg the workstation 131

Operation of gurment is highl), repetltlVe Every successive operation lakes very

,horttr dllratlon winch leads to generate physical fatiguc. "Iherelore ",orker hecom~\

tired and (eel-, aver\e to work. One anothcr thing that in assembly line of galment

industries, worker, are at the same workstation \vh,eh rcduce, attention to "o,k,

Along with monotony from working at the same wor1«;laliofl, highly T~pdll'v~ ,,'ork

may dlrectly damage tendons through repeated ,tretehing and elongalion, as well as

increased likelihood of fatigue and a decrease ill the opportunity for ti,sue, to recover.

Workers on repetitlve jobs had more than a fivefold greatc, risk of developing upper
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extremity cumulative Lr~um<ld'sorders and fatigue whell ~ompared to worker~ on

lower repetition, l(Jw-lor~e Job> one of the first elTect~ of workmg long hours is

fallgue 11seems intuilively ObV10USthat working long hours will make an mdividual

lired or fatigued Faligue mn be viewed in two "ays' eiLhel'by mea,uring ,t directly

as an end in ilsel( 01 indireclly m lerms of performancc or hcallh eITeCL\that are

thought to be associated with fatigue 161

'I he,e are many f~Clors thaL atJ-ect productlVlty ';uch as product and ,ystem design.

machine and equipment, skill and cffcctivc ne,;: of worker <lndproduction volume

But the label of skill docs not same Therelore most effiCll'nt v.'orker should bc

motivated to be p' oduui ve II IJ

hom the ahove di,tLl%l\ll1, it is elear that the label of physical fatigue reduce lhe

produclivity or a worker ilnd the label of fatigue IS not samc for all worker as it is

triggered by 1he physl~al abliity of 'nd,viduals Misplaccmcnt of worker at lhe

workstation in a>scmbly linc reduec\ the maximum produCllon capa~lly of all

assembly line :Sometimes it incrcasc lhe production c()slofproductl\ll1 Thl> V<U'latlOn

in [he perfollnance 0 I'individuai> lead~ to follow a clear outline while placing, worker

al the w()rbl~li()n. '\' the performance of each worker 15not same

!',o by analY7i~g thc physical ability and ovcrall daily performance or each worker,

their position at the workplace should be allocaled 80 Lhallhey ~an perform with their

maXltnllm ~hility,

3.3 Importance of the Study

For the la~l decade, iJlcrea~ing global ~ompetition in manufacturing has forced

companies to focu~ on enhancing lhe elli~len~ies and economlCS of scale In all of

(lieh htlsine~s pmce~ses There I' a growing trend to'''ard, downsilmg to deereasc thc

I~bm COSLSor manulllClllri"g ~nd a,sembl;ng product> One result of this trend IS that

dowmized companlCS arc forced to produce more using fewer resources To

compensate for the fewer workers, overlime hour~ wm-ked by iJldl18triai bourly

w(lrker, have been on a ,teady Increase for years. [}llfortunately, thi.1 increasc in
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pnysi\'al fatigue can lead to a decrease.n the qll"llty of the produced good; bccausc of

Lheredll~ed a~curacy of\\,nrkers' mOvements From a re~eaj'ch per'pecL1Ve, the link

beL"een fatigue and quality has not been adequately investigaled. No quantitative

guidelmes exisl (hat would enable a ntanufacturer (0 contpare lahor co~t'i and quality

costs to determine the level of labor needed to maximize the tradcolf between

perfo,mancc of worker and produc!l\'ity Some Jnvcstlgation has foeuscd on changes

In movement !lme due to thc mass of parts and one appl1ed ,tudy ha, contemplated

the rel~L10ll',hip belween fatigue and plOdue(ion elriciency, however. no usable

ml)del~ have heen developed On (he other hand, companies gravely need this

info[mation to guide their staffing priorities Many erotical bllsl~ess deciSions are

b'l,ed U11expected eo,(, and ,evcnues of manufaelllred products If costs can be

reduced or re\cntlCS can be increased through better scheduling practices, c01npa~ieo

can achlne <I,'gmli~ant illcrea"e in prolltability.

3.4 Conclusion

In ~on~lusiOIl, to ~()Jllpete wilh lhe global open markeL cvery garment company

,houlJ set it dear guide line tn examine (heir pl'OducLivity legularly From phy~ical

fallguc they are not only losing prlldudion hLltalso increale in the production cn~t By

studying fatigue of worker, they Ciln improve lheir produclion capacity. utilization,

line efficiency It is not only for the sh;Jck of improving proUUCr>VllybLl! al", II "

impoltant for ;c1ec!.on workload ofa \\'orker,
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CHAPTER-IV

PRODUCTIVITY ANALYSIS

4.1 Introdudion

Productivl!}' may be defined as the ratio between output und input Output means ihe

ammml produce, or the number of Hems produced and input> arc the valiow,

r~',,)urcc, clnploycd. c g, land und budding, equipment and machiner,', material"

labor,>,etc. Therefore. producli"ity measurement shows how well a company is doing

This doe, not, however, tell any1hing about why the Company is performing the \\'IlYit

IS ] here are mall]' factors affect productivily of a,;tmbly line such 3\ produl1 and

.ly,lem de,ign, machine and equlpmcnt. skills and elT"dlvcncss of the work"r,

production volume III the true ,ense, the product]"ity can be said a.1increa,,,d lfmOl"C

products can b€ oblam~d from the same amOllTllof resources Indoor environmental

quality may affect phJ~iologlcal and psyehologi~al proeesscs thaI. in turn. may affcct

PCIfilfll\anCe of tasks that may interacl "ith other factors to affccl overall productiYity

'I hc l)hjeclive of the ,tudy is w determine the real capacity or Lhe eXl,tmg Illle.

imprO\';ng the productivity of the aSlemhly line, rcducing the idle time of work

statioLl. finding a mea~, of comparing OLltputtoreca,l> with actual outpul oJ selectcd

Intci val" and finding a means of adding re,ource lIsage data and as~nciaLe productivity

In a mcaningrLlI fa,hLon relat~d to output~ to redH~~the dctails in repmH a" ,1<aago to

hLgher-and higher level managers.

4.2 Analysis of Productivity

To calculale prodLLcllvity, utili~ation_ idlcne,,~, line ~fficLency of assembly line. the

tiJlIowing equalions and t~rm> has been used.
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4.2.1 Ob,en ed Time

Ob>er\'ed IlrJle LSLheLime require l'or a single operation which is collected by using

SlOp ""arch. From reGelvmg Ii-DIllprC\'iou~ workstation to (he delivery lO Lhe nexl

wl'rhmllOTl " the obServed Lime ror an opeTalion Observed lime an individual

uper"lilln defer, !i'om one operaLion to another opelalion

4.2.2 BottlenecJ, Point

A bottleneck I; dcfllled as ant reoour~e whose CapaciLyi<;les<;lhan the demand placed

upon it A bottleneck pomt lS a constramt within the system that hmit s the throughput.

It" that pomt in the man,ilaclunng proces~ whele (he now thins tD a narrow stream

A bOlllened [loint rnay be a machine SCale of highly skill labor, or a specialized tool.

Obselvarion<; in industries show that most plants have fev. bottleneck operation;, If

Ihere i, no bottleneck poinL then excess capacny ex'sts and the by,tem ,hould be

changed to create a bottkneck pomt.

4.2,3 PrOlhKtion ClIl'n"ity

MaxImum daily prodllCtlOTlcapacity is (he ratio or available time and cycle time

Available time melin, the tune "I'llie ,hill. For examplc, if an operation tljns for one

8-hour shift eaeh day, the aV~lillble proL!llclive time eaeh day i, 28.800 seeonds rhe

daily production eapa~l1y can be round a, ro110v.s

0.1aximuJlJdaily actual OUlput J' = :~, . (4 1)

Where, T- Available L1me,,econd

C= Cycle Hmc (second/unit)

4.2.4 Performancr Rating or r.ffiriency

P~rrormanee of\\orker mean, b~\v efficiently a work", can do his operation Operator

perform,ln~e 01 elT,ciency is the ratio OfllllltS oh\ork actually produced hy worker

and uoito uf w()rk which could be produced at ;tandard perlormanee
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Pertormanee rating or efficiency = '7< "~-",
I',

t(lil% (4 2)

,/, - Perillrmallce Taling ur eriieiency of worker

,

/~,= Unils of work actually produced by worker

1:" = Units of works which could be produced at ~taJl(lard l'erlmmanee

4.2.5 Utililation and Jdlencss

Utilization me~ns the productlve time "r the avadahle lillie of a c},ele At the non

bottleneck pOint, the productive time 1; le~s than the eycle time and some po,tion of

lh~ eyele lime il not u,cd. Waiting line formula, generally reqlllre an arnvul rale or

the llumber ofunil'> per period }\sluming number of workstation in the assembly h~e

I; n, Tht prOdllCli\'e lime of each workstation is expressed as follows

1,,1,./',.

The relationship between prlldllctlve time and cycle time C is given as follows

T,<C,. ,

,.
2:/,

litili7willn (%) =-'-=--x 100';0 ,,(43)
Ii(;

l:.= Productive tlme of each work'>lation. second

I1C = TOiallille capacit)" leeond

11=Number or workstation

c= Cyclc limc. sccond

Idleness is the portion of available time whi~h remains unproductive. !\t Ihc nnn

hOllleneck pOint. timc rcqULre; for 'I" ()l'"ralion il Ie" than bottleneck point and
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rem~lns idle ThIs IS also called balance delay. Idleness 0'[ worker reduce maximum

mil 17<1tlOllof ava>lable time

L(e-'/)
Idleness (%) = _.,=1 Y100%

lie

4.2.6 Line Hliciency

(44)

III ~onlr~SI of balance delay, there i, another equation which i<;designed to indicate

how ~lre~ll\'ely the liue is u~ed in term or line capacity. Thi\ i~ called line elTiciency

Llnc efficiency I, the ratio of a\'erage prodUl1iv~ tLme of each \Vorkstat,on and total

lillc cap~cLtyand exprebsed through the following eqli~tlon,
,
L',

l.Lne eHiciency, F. (%)~--'--=------y 100% ..
m;

[14]'

4.2.7 Line hnlancing

. (4 5)

Line halancing is a manual planning and scheduling technique and similar IIInature to

material ICSOul'ce planning It is most appropnate for assembly line operation;

InvolVLnga number of di~lincl cmlll'0llenll Tn e.l,>ence. II employ,> lhe pnneiple 01'

management by exception through a comp~n,on uf prngres,> of indiVIdual

components with the tlme ~~hedule for completed a%emblies Regular progres\

che('b reveal the filture efTect 01' any currenl delays and indieale the degree of

urgcncy for corrective actlOll 1,lne balancmg is not directly concerned "'nh the

rc.,ource,> cxpanded but it is utilize in determining production progress in terms of

percent tasks completion Major bottleneck in the produetlon i~ emphasi7ed, The

objective of tins lecbnique is to ,tudy tbe progrcss of job at regular intervals. to

compare progress on eaeh operation with the progrcss to satls1)' the e\'entu~l dehvery

rcquircment, and to identify those operatIOns in which progre,s is unsalisfactory

II,= 'I RrgC\11IleeffiCIency
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CUller line (('I,) .. ,,(4,(i)

,
L',

Upper CUlltroll"TIll (UCL) =~
/1'1,

L!,
Lo\ycr control limit (/-0.)=2 X~ - UC!.

"
TheoretL~,d mimmuITl number of worblalion,

r14].

4.3 Conclusion

(~ 7)

.(-1.8)

,(49)

PrOdUCll\'ity "TIpl'ovcITlen1is the main vision of any ~omp~ny to 1l1crcase th~ prof,[

mmgm By USLngthe formulas explained above. C)'cle lime ~an be reduced and

prudUCllvity can bc improvcd I'or light work, eflicien~y of a,;cmbly linc should be

~5% or more than 85% This study ann> to improvc the existing prOduClion capaClty

of the a,~emhly line and to form a sct of guide line for garmenh; indllstrJCS by

imprnviug ~ycle lime and line cfficlcney by u<;mg skilled worker at more tllnc

con,UITllngworkstation
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CHA\'TER-V

FATIC liE STliDY

5.1 Introduction

Manufaclur~rs follow assembly;' line! throughput manufaclunng ,y<;!em Because of

labol' inttllsivc, "hll based industry il is ~bsolule neccssaly to have enicicnt

assemhly! line productLon system. In this ca't output orone ploce,s become the l~PUl

of mhe,- process and delay in anyone operation will reSLllt in loss 0("amput down the

hne li)r ~II the operatlons Higher difference m skill level of the operator,>, heavy

ah,entcci,nl iind high labor turnover rate ha~ lurtlcd nic~ly plan line, In to

unprcdiCliJble. lIlcff,cient productiun ,ys!cm<;, The;c will kad to clecrea,ed machine

]Jmciuclivity and [he sy;tcm em~lency. inc,.ea,~d throughput time and WIP level,

ltlcreasect delivery [lme and production C05t and what not to mak~ thc bu,ineos

ullvlablc and m~ff[CJcn! IIOJ

Throughoul the whole shift, no work~r can perform his or heTopnmum erticlcncy a,

lh~y become tir~d due !o physical faligue . .Performanc~ of worker is nOI only an

inhercnt ahihty but also a matter ofphy,ical stamina As level 01 physical Sl~mlna of

cal'll worker L, Ilot ~amc, lhcrel"re placing worker wilh higher stamiu'l los, due 10

t;ltiguc c'm be reduced The main objectives orthe :"tudy are 10 d~1crmine the trend, or

fatigue, llientifying Lhe point from \\ihcn fatlguc grnw8 up among the wOIkeT,

In\e'Oligatlllg the level of individual skilL llienufying the most elliclent w()[k~r.

obtaining all ~valuatioll <;\andardfor order receiving planning

5.2 Investigation of Fatigue Loss

To pmdLl~~products. lll~nufacturing processes ale divided imo several work~r; and

eil~h worker carrie; all! the same v'lOrkallotted to him/he! in a short period of time, To

l~crca.\e efficiency ofproducuon line ~nd chcck weather asscmlJl}, line working with

ils oplimum pelfon!l~n~e or not; performance 01" 'vorkers are rated. "1 hi, is called the

rallng of "orker, Thc rating "I' workcr help, to achieve 'Oirnpllfication, specialization
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and standardi7ation for ratinnaliLlitl(lll to lllcrease in production. A method to allot the

workload evenly to ~ach v"orkel so that products arc pl'Odu~~dat a con,istent speed IS

called "flow produclion systcm" Tn 'iucce"sfilily carry Out the flow pl'Oduct;"n

;ystcm. ,ynchl'Oni"lllon ill the rating or \\'orkers is neec"ary 10 creme the ,iluall\ll1

,"v'hererequired goods <lr~provided at required tlme by required quantity To ealculale

the performance raling of worker 01 elTiciency and 10% due fallgue, the following

equations ba.\ been used,

rerlorma~ce or efficiency ha'i be~n dl,cussed in the pre,-ious chapter 'J 0 caleulute the

loss due to ratigue, two t~rm, bas been comidered, Tho,e arc maximum produclion

capacity and ~ctual productlOn capacily,

Maximum productioll capacity is the number of unit would have pTOduce ifthcre is no

fatigue We kll()\\' that at the beginning 0(' the day worker can nOl "ork With their

Ina:mnum pcrronllan~e du~ to a physical rigidity, hut it reduce with time ami incr~a,e

performance, An~r somc!lmc, from becoming tlrednc>s thcir perrormance ,tans 10

,educe, Throughout the wholc shifL atLer gettmg fJd from rigidity, worker shows tbe

lll"xillll]t1l performancc. C:onsidenng no fatlguc. tbc maximum productIOn capacily

hUbbeen calculatcd of the ,hiH,

Actual plOduction capacity is the ammml of work which has produced actually, I'rom

the observcd trmc of "orker, divl(img available time by ~ycle time the actual numher

ofunil ha, heen calculated Producli"ily I"" due to physical faligue u"eo not dcpend

on each worhtiltlon but It depcnds on the "orker at thc bottleneck poinl. Thereforc. in

this s\lIdy, los\ due 10 fatigue has bcen calCLllaledba,ed on the 10" of worker at the

bottlencck poim afLereach lleration

rtr (i)[ t1lilllcerating or efflcicncy 'I,. = ;:" y t 00 x%,
'I,= Performance rating or efficiency of worker

(5 1)

K=,\Il,C, .L

I'" = Avcrage tLnit~oi'work actually produccd by worker
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1's - Limt, ofwllrk, winch eould he prnduced al \landard perl,mnance [14'1

Number of unit loss= r>.laximum production capacity without considering no fatigue

of worker at bottleneck point - Liml, of work aClually produced by worker

]\;llmber (lfLLJlillos<;=l~"-1:,.

l' -]'
Ill%due lOfatigue (%) = ---';'1'" " x]OO%

.(5.2)

".."",(D)

I'., _ r>.1aximum production capucity witlloLlt LI\Jlsidering no fatigue 01' worker al

bOltlened p"inl

I:, = Actually number of unit produced by worker,

S.3 Conclusion

Due to long time working worker become.1 tired and loss their performance, It is

irnpot1ant for any garments Industry to minimi.r.e their loose which comes from long

time worklJlg of wnrker Thi, Itudy aims to analy,is the productivily los\ and to

developing a frame work 10aJluly~i,\(he productivity loss due to fatigue
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C1IAPTER-VI -

PRODUCTIVITY AND WORK FATIGUE

G,I Introdu(fion

While de,lgnl~g po,ltlO~ of worker at workstation, it should be kept in mind about

reducing the bottleneck processmg tlme as much as possible Higher efficicn( worke,

lake le.11time 10 complele an opeJa(ionthan other If a less efficient \\.Qrker is placed

at the bottlcneck pOlnt, it is not wise for improving produellYny. utilization,

m;rlimi,ing los\ due to fatigue Hence 10 improve prnduclivily, 1ll0';1ef1icienl worker

should he placed allhe bolLleneck point Therefore, O\.erall daily elTiciency ShOllldbe

considered when reduclion of cycle timc is thoughl But (he label of o,erali

pcrformancc c10es not remain constant throughout the whole shift "Ihc variation of

periormancc of workcr and fatiguc rc;:ults a reduction of produclivity l3u( it is

nccessary to improve the existing production capacity of ~ssembly line for c~ch

garment company.l3y using propcr optlllllzatlOn techniquc tillS can bc donc.

6.2 Optimization Techniques

There are several oplimiLa(ion tecilnique are used, such as liner prograrnnullg,

nelwork oplimizalion model, transp0rlation and assignment model, genelic algonlhm

etc Laeh optimizatIOn model is suitable for some dlbtinctlve sltuation A brief about

thosc models is cited belovv"

6.2./ f.ine"r I'ro/!rllmmi,,!!

Linear programming il a malhcmatical modeling lechniquc designed to optimizc the

usage 0[' hmitc\l resou<ces In lineiii' prllgTaJl\l11ing,there are IWOIypes or objeclive

runclions. One i~ maximization and another is minimization Gencrally, problem j,

considered a., maximization when the aim ofthc objcctive ti.rnctll1n is to increase the

profit and ".hen the aim of thc obJcctivc functlOn is to rcduce the cost then it i,

considered a.1 minimization plDblem 130th casc, help to Improvc the profit linear
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programming hil> three baslC clements Such u, decIsion variable, objecltve flmction

and con,lrumt> The elemcnt, deci,ion variable is ",h'eh seek to de(emline, obJectivc

funclion i\ wlll~h " aImed to optimize and conSlr"inls is that ISneed 10 sati~f}' [12],

Linear l'['ogrumming help; to determinc lhe mOIL I"ulible solution from infLJlLle

solution Thi, model i" nol applicable when charaClerislic or lbe re,Ollrce LS

distlllctJvc. In this .\tudy. the efficiency of the workers J, di,tinctive i e, there IS no

way 10 use UportIon of the ecfficiency of wo['kel In a,,~embly line. '\lorkcr \\"111be

muSl "orking wlth their performance As thc dcci"ion "ariabk of the study is thc

perl(mllan~e 1, knO"'ll and there is no way !c) u,e any rraction of th(' worker',

elTiciency, tins OpllJlll7ation techmque is not applicable.

6.2.2 ;Vetw(Jr!<0l'timiZ"ti"" Model

There is a multmlOdc of opcrationl re,ealch situalions that call be conveniently

modeled and <,ohed a' neh'orks (nodes connected by blanche,) In nelwork

optimization model, there are many paths tu reach at the de,tination limn lhe "larling

POint 1"0minimize the lengtil of road, p'l'eilne, determme the tillle schedule, this

model IS used "the solutio!l of (hose ,ituation,. and other, hke it, lS a(:comph,hed

lhrough a variety of network optim;yalion algOrithms There are five types of

algolitilm to sohe Ihe network model, The models arc minimum "panning tree,

shortest roUle algorithm, maximum flu", algorithm, minimum-cost capacitated

network and critical path algolilluJi 1131,

In assembly linc, the direction OI'maleri~1 flo", i~ dit,tlnctlve and it can be ,iolaled

because of the sequence of operation Mort(wer, every operatIon must bc carried 01Ll

on the material for completlOn In nelwork optimi,alion model, there are many path,

to lallow and .\omelirne" thele ha~ a pro\"i;lon to ,kip any path. In nelwork

optimizatiml modeL (he proviSIon (>(' ,klppLng any path and provi,ion of follow a

1'1edelern lined in assem bIYIillt llIlpedt> to apply IIIthe problem
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0.2,3 Tt"lIIl,'porlllfionkloilel

The transportation ]nodel IS a ;pecl~1 class of liner progralnming problem it deals

witb the situation in which a commodity is shipped from recourse to the destillations

'[he objective is to determine the ~]nount of sbipped frolll each source to ccl('h

desunation that mLlHmi7.ethe total shipping cost while satisfying both the supply

11l1msand the demand re~ll1rements The model a,sumes that the ~hippmg ~OSIon a

gl\'ell rOUle directly propot1ional to the number of unitl shipped on that route In

transpolt~tloll model there is a provi,ioll to rollow allY path tn reach rrorn 'iOurce to

desunation [n]

IIIa'>,I.omblyline production system tbelc is a distinctive path to follow and there is no

pmvlSlon or Ikipping any opcration for thc shack of complctmg a iilllsh product

SeqLJeJlc~or op€lalion must have to be maintained For tillS reason transportation

model i~ IlOI~pplicable in this litualioll

6.2.4 /h,I'ignmenl Moilel

!"he a"ignmcnt plOblem is a special type of line programming problem where

assignees are being assigned to perrorm task, In assignmenl problem. number or

worker ~Ild number "ftask ~h()uld be ,ame and one worker should per/i>rlTIonly One

opcration. Transponation model is used to m,mmize the total co,!

In garmem operation, there i~ a ,ariety or operation and numbel or worke. and

number of"operiltiOIl call nol be kept snme lOmeet with the ;mlOoth now ormatelials

through the line It IS not impurtan( tUlllinimize the cost or each operation in term~ or

time of a assembly line to Improve productivity 8e~ause produdl(m eap~~ity or

aSlcmbly line does not depcnds on several points but depends on the bottleneck point

Therefol e tili, type of model is not suitable for thiS situation.

6.2.5 (ienelicAlgorithm

Genetic algorithms provide a third type ormelh'lheuri,tic that is quite dirre,ent from

the iirst t\\lO This type telld\ (0 be p~ni~ularly elrective al exploling various parts of
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the fea,ible regLon and gradually evolving towards the besl leu,lble solution In

gcnetic algorilllT!l a new trial feasible trial SolL1tlon;affect the next fea",ble solution

Human performance dll1er~ Irom one person to anOlher person and has no impact on

othcr In garment, as Ibere 'S a assembl~' line produCllon sy;tem and there 1<;!lot

lmpact of onc worker!n mher llw. type of algorithm i, not aI'VIKable[12]

A, lho;c above model Impede !o be ulili"ed m that sltUJllOn, the rol1o>vingmodel IS

dcveloped to oplimi,e the eXl,tmg productivity or the a<;~embly line 'I he model IS

dcveloped baled on the over~11dally performance or eaeh \",)rk~r.

6.3 De~cription of the Proposed Approach

Due 10the physical fatigue or worker, perlormance of worker change "ilb lim~ and

th~ label of performance or each work~r do not remain same To oj1liJlli)"~production

cap~clty of the cxi,ting line the rQilo,,'mg steps has been followed

By using stop wat~h. the observed proee>sing lime of each operallon ba<; been

collecled, Th~n the av~rage of the observed proces~ing tlme ofeaeh time scgmen! is

calculated dl\-iding "UTIof total observed lime of a tim~ 'egment by numbcI of data

collected In th,S s[Ll(ly, frequency of data collection m each tlme ;~gmem is six

Thereforc. average j1locessing tlme of a operation has heen found, Standard

processing time 01"eaeh opermion i,collected from the WOIk study d~]Jurtment

Sfrp-2

After c()ll~ctillg a\f~rage processing time of eaeh operation of each tllne segmem, the

performance of mdividual >vorkel'has been ~alclilated by dlVlclJngaverage proces<;ing

time by standard processing time of their operation, Standard processing tlmc of each

operal ion is different \\ hich is deSIgned ha.\ed on the lengt h or operation
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~CXl ,lel' " ~S>lgnlng worker randomly ~t different worbtat101l \\ithoul c"n~idermg

their level of performance A~ in another situalion and while dc"igniJlg " lltW

a\\emhly I"'t, the optimum placement ofl'.mrker is unknown and unprediClable, Illr

Ihis reason, whlle placing worker at lh~ir workstation assigning of worker should be

random belore it~ral1on Number of worker at each \yorhtalion sbould be counted

based 011thc standard time 01' th~ corresponding operation, In this thesi,. number of

worker JS coLLmeddepending on the number of work~r of existlllg assembly lm~ in

each workstation,

Step-4

Processing timc of every \\'orhtation IS not same and il det"r Irom one WOIkstali'Hl

because of their lenglh of ,ewmg scam and []~lure of operation Among lhoof;

\\'orhtatlOn. the workstation has been Jdentificd which takes lTI<lX1mUlTItimc for a

smgl e operation of the correspundmg wurhtation which is lem1ed <I,buttleneck poi nt

O\'clall efficiency "I' the workcr at bottleneck point has been compared wilh other

"orker uf th(, assembly linc. If the effiCl~ncy of the worker who 11'placed at the

bOlllened pomt is less than any otheT worker then the most cfficielll work~r h~s becn

replaced at the bottleneck point ~nd the bottleneck point worker h~~ been replaced to

lhe r~placed worker position

Step-I>

'\gam the new bottleneck poim has been ,dentified and the eITLcicncy(lIthe \V'urkerat

bottleneck pOlnt ha, becn cumpared with other worker If the cfficiency of the boltle

n~('k worker ISless than any worker, more efficient workcr i, placed at the new bottle

neck P0lnt aga1n 13ut if this itcralion increa5~, the prucesslIlg tune than previous

pu,itlOn ofworkcl, then stop, This Iteration ha, bcen continued until efficient \vorker

is placed ill the buttleneck puint
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FigLU'e 6. I: Sleps necessary for opti 1]1171ng producti \,,1y
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~tep-7

A( this step, a new bottleneck point is identified which takes le<;sprocessing time [han

illl prevl"Ll~ <;ilLlatinn The produclion eapacit" of eaeh work<i(ation or eaeh lime

segmclll has been caleulated based on proccssing time of bottleneck point

Slep-8

Unne~e,sury worker in~rea<;ethe production COl! and the worker ha~ no contribution

In lJllpr()Vlng production capacity. Thcrcfole inefficient \Vorkel has becn released if

production capacity or a workstation is two times or more than two times than

bottlene~k penni amI moTe lhan one \\'OI'ker il as~igned at tbe "olkslation That "ill

help to redu~e unnecessary worHoree and cost or production

SI,'p-9

i'll"" production cap~city, lo,s due (0 latlgue, line ulili.'.mion, idlene~\, and line

efflclcncv has been calculated,

(•.4 Conrlu~ion

The above steps \vill help to gcncratc an efficient dsscmbly line and will Increase

p"lduction capacity ,Vioreovcr, this model is a unique where traditIOnal optimllatio~

model, are not ,uitablc to be employed Not only produeuon capacity. this model WIll

help 10improve util int ion 0 r a,sembi}' line and elTleieney.
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CHAPTER-VII

CASE STUDY

7.1 Introduction

In Bangladesh. there arc numerous number of garillent factofles A major part of

roreign eunenc}' comes from this sector But every company 1; flOt so encouruged to

provide the permi~sion 10 vi,it their company Because of thl'" Illter~dl \\'eaknes;,

they feel it threatening for themselves to give permission, But II is not \\i~e lor the

shuke or improving thei r e dsting production capacity by studying thw resource, The

company under ~OIlsideralion, located at Ka,himpur, Gazipur, i., a big garmcnts

organization, having partial vertlcal mlegralion Thi\ p,oject aims to analyze wOIker

fatiguc and subsequently ;ugge,ting appropnale ledmi'lue'i, and providing guidelines

a, 10how to approach Implementa11011

7.2 Location

Jinnat Fashions Limited, under this study I; situated at 5hanl~ganJ, Ka~lll!nptL1'on

Ga?ipur in Ilangl"de,h,

7.3 Description of the Company

Jinllal Fa.lhi()]\" Limited-O] established In December lOOS and Jl\1nat I'ash,oll,

Limiled-02 in may 2006.11 is a ]00% cxport orie~ted garment; mallufbcturing

wmpall}' \Nllh a ll"",Jon to he be,t export in providing from the 13angladesh to our

"alued Cullmners mound the world Jinnat l'ashlOns Limited has eoncentruted all it's

strength and rc';ources in developing a~d producillg a vmle runge ol'qualit}' garments

for the mtemiltional markel. Management believes on professlOnalism and ell,ure

hard \\,o,king and >;(lundman is cmnmilted to deliver quality garments to it's cuSlomer

well In lime. It ha; ~apilbl1ily to handle ,ub"lantial volume of orders "'lth reasonable
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l1me, This company is committed to produce hIgh quality. sophisticated producI'> and

el)lltinlL()u,ly Ill' l() improve ill quality management wlth e\'cry ycar to come

This raet(),,,. "dhere, 10 all or major merchandl,mg as per local & abroad, factory

cerLJlic~tioLl alld labor compliance, H.I per local 1'1" or buyer requirements

Utmost irnponanee has been gi,en to prnduelion layout and the quality cOlltrol

depaJimcoL which gJves ]00% qualny assurance with invcntory chcck. in-line

n"l'ection & final ill,ll'eclion bel,'re final in'l'eclinll I ,hipJl1~nt by Buyer, JlrJllill

F"sl1iollS I imikd L, one ,,1' Ihe leudmg garmenl laCloTY111 Bunglud~,h "here we

pro\'idlng local la'" tiIClh\i~" dming facJlnies, prayer room & medical facilitIes for

workers on llmc. Even their factory J, gJYing a wonderfill Clrcumstancc facility for

"orker ,\1,0 lhey are pro"iding some facilitiel for Buyer i repre<;entati,'e

N~me of the ComJl~ny: .Iinnat rashions Limited.

Address: Shardaganj, KalhimplL!, Gazipuf, 8angladesh

Kry prrsons: I, Ivl,A Jabbar

M~naging D"ector

2 \,1 /\ Kader /\ntL~

Operalion DilcCtOl

3 I-Iass~lllmarll

ProdiLcllon D,redor

••.ear of l£stablisilmellt: .Ilnnat Fashions LllTIltcd-O1, December 2005

.Iinnat Fashions Limited-02, May 2006

Banker Name: blaml Rank, FXlm Runk

Bangladcsh

Employ,'es: SlalT S4
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Culling' 35

Sewing' 540

Finishing 30

Total Machina'1': Cutting: C;'\IC cutter (Gcrber)-2

Sewing 540

Filushing 30

TOlul: 572

Production Capacit.,: 24500 pes per day

B"sinels lype: i\1anuraclul'el' and Expm1er

Annual Salc~ Range: US$ 1,~ Milhon -1JS$ 1 8 Million

(;eogrnphic Marl,eh: Wmld wide

7.5 Factory Specification

Jinnat l'ashions Limited is a fDur ,tDried buildillg but Dnly second and third floor ale

und~r of Jinmlt f:~sh,ons l.,mil~d, J.nnat f"~sh,ons I imited-Ol i, situated on second

110m ~nd Jmnal Fasll1on~ Llmited on third Iloor. Culting ,~ctioJl Jor two floor, ure

"l\lUl~d OJl ~~cOJld floor, R~w mul~ri~l and finished produd ~rt stortd in ,tore,

S~C(lnd ~lld thtrd floor ure allotted for sewing sedion, fimshing, sedioll Timshing

,~clion of ~uch floor art "luat~d 'tpamtely on 'tcond and third nom. At the tml "f

e~ch assembly linc, thcre has a quality control depal'lmcnt

lhere are two permanent doctors for flr,t treatmcnt. All type> medicine for arc

piL)vided without any payment if any worker get accident while doing his dmy

Compliance departme~t 1; very strong and aw~re look Lng Illr workel inlere,1 nlLd

problem There i, (.hild care ce~ter to look after kid of workel',
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1t tries l() meel all lire code regulatioLlS Salary p<lymenl dale is 5'" on ~\,cry momh !l

provldes free faclO<y unili,rm to workers It has li\'e wash room.1 for workers In

laCll1l) Iloors,

7.6 Products Description

Jmnm bshiolls Limited produces men's, ladies and ~hildren's wear The garment

produce\ T-,lllr!, Pique Polo shirt, Amo slripe, Long ,leeve Tuttle neck ~hir!. Shorts,

T~nk top. Vcst etc for men',. children " l~d'l's Knitted night drel-;' S",te1 ,h,rt. Roll

neck T-,hlrt etc.

7.7 Descrilltion of Operations and Processes of a T- Shirt

'1ile[c are twelve operation arc carried om on a T- ~hirt Ea~h opcrallon is pcrformed

"l different "'orkstation All matelial handling 1, earned Ollt by helper No COIl\'eyor

or belt is used lor lransportatllln matcrial from one workslation to another

worblation, [)e,~ription of those operation, is .\tated at bellm"

7,7,1 Should~I' Join Right Side

Thi~ is the f,r;t operation of a T-shirt carried out on the nght side of shoulder Over

lock ma~hine is used for th1Soperation Fronl purt and back part of the right ,ide of

shoulder L~"ttached by this operalion In Ilgure7, 1,2 is the location of the operalion

7.7.2 Size Lahel Attach nt l.eU Sea",

1"hisis the ,econd operation ofT-5hi11. It is a very ~man operatllm Label lS a small

pan which cOlltain~ ,,,,ne m/i.>rmation about the size 01"a T-~hirt. Label is just

attached at left side l1rthe ;:eam, Label is ~ollected from store depal1menl There 1, no

precedlllg ta,k on the label in a~,el1lbly !Lnt, 'Plain machme is uled [01 lhis operation

In Iigure 7, 1,2 ,nd'~~!es the location of this operalion
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7.7.3 Neck IlLnding

rhi, operalion i\ c<Jrned out on the top pan ofT"shirt. The edge (,flh", n",ek is closed

''11thbll1ding so that any thread can not he lomed out. Interlock m~ehlne is used fot

th',operatllm I'or billding, ~ different n~trow pall i, u.led amI 1(,Idover th", op"n ll~ck

In lig"''' 7 I, -' indicut"s th" locallon of the operation

7.7.4 Neck C1o,e

'[ hi;: operalion is carried out aller neck bmdmg, To dose th" tnds of neck. this

l'p"nltion 1, performed Flam mach'~e IS used for this operallon This operation

figures the throat as a round In figure 7 L4 indicates the location the operalioll

7.7.5 Sho"ldc,' Join Left~ide

This operatIon I; alik" of ,houldl'r jom right side After carrying out neck clo.le

operation, this operation is done llut this operation is done on the len side 0['

l[,olL[der The lI'ont and back pan or sholLlder i~ altached hy Ih" Operi\tllln, Like

,boulder join right "ide, ()\,er lock machine is used III figure 7,1,5 lJld,eales the

location orthe operation.

7,7.6 Slee,e Hem

Th"le p, flO I'r""ioLlS operation ofth" "p"r~tlon '" the a>sembly I"'e. lloth right and

len pan of hand come" limn the culling seclion The end 0[' the huth lell and righl

hand is rold by the ope,ation lmcriock machine i" Ll.ledfor lhis operation, In []~wre

7,1,6 indical"> the IOCi\llonof Ihi\ operation

7,7,7 Sleeve Joi"

ThiS operation lS done on both hand ,ides The inpnt for th" operation comes from

1'10 previous worhtation> The previous upnatiolls are ;hould", join kit side ~[](I

sleeve hem Thil operation i, carricd oullO alLachboth hand.1with the body 01"[ -,hlrt
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Ovellock type llluclllne IS u<;edfor lhis operation In flgure7, 1,7 lndi~ute~ the location

of the operation

figure 7.1: Location of opcratll1n on u T-~hirl

7.7.8 Side Seam

Th,; operalion closes both slde of th~ body The seam len),>thof th~ ope,ation i,

gr~iiler than other previous op~ration, The whole body g~1sa, a rOLlnd from (his

operation Overlock machin~ is Ll~ed1'01'this operallon, 111tigure7 1,8 indicates the

localion of the operatlon,

7.7.9 Slc~veOpenjn~Clo,e

I'hlS operatlon i, very ,mall earned out on the sleeve to clmc the opening alief side

seilTil operation Tim op~rntion i.\ done to ensure ~ strong end 01' the slcevr Plam
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machine is u~ed ror this operation, all both lell and right side Lheoperat10n is done In

figure 7 1.9 indicates the location 01 the "peranOll,

7.7,10 ~1;,i"Label Attach at Hack :"lcd, C~nter

Th1> uperatiun I, alike of s!ze label attaeh at left seam but it '0 ~arned out on the

~enter ofbaek neck ',"0 prcvious operation i, done on (lie labd m the assembly line
rhc labcl corncs from ,lorc Main laliel contains wme data about the T-shirt ln

rLgHTe7,I, 10 sh(m'o Ihe lucation of the opcration

7.7.lt Bottom Hem

Thi\ operalion L~do[]~ on th~ bOtlom side of the main body_ To closc the end of the

body, this operat1011is carned Ollt Clhe edge of the bottom part is fold and sewing

opt[i1lion 1Sdon~ along th~ fold, Th1Soperation ensures any losing out of threads from

the body pw1 Interluck machme is used for th!s operation In figure 7 1,11 indicate,

the location ofthc operatioll

7.7,12 Neck and Sl~"ve Op~ning Cliap Tack

This lS final operatIOn of a "I-shirt 'lhis operation i, carried out on the ,Ieeve and

neck This opc,ation emure, a strong ~nd ol"Jleck ami ~I~eve The outer pa11 of the

edge is attached by foldlllg Plain machine is used fOi this operation In Ilgurt7 1,12

'ndic~tes the locations of the operation
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Tabk 7, I, Name (Jr<.lperaIHJIl~~arried oul OIla IYP,~alT-~tllrl

~CI"ial "" Abbrcyjation Full "amc Se,.;,,1 nu Abb'-c,imion Full N"mc

Shoulde, loin Righi, SI, 11: ,ide , " Sicc\'e JOlL1, 51,.< l<,bci attach "I

SLA Len Sc;"" , .'is ~iJc Soo",

, Slcc\ c 01!Cning

NC Kock Bindmg , SOC Cio,o

Mmn uLbci, NC Neck Cia,," ," MI.A Alloel, 01 lJock

Neck Center

, Sho"ldor loi" len

Sh L S,do " ''" 1J,)"OI\1Hem

Neck & SIc"\ C

" SL H Slx,"c Hem " )-1&SOCT OP<;lLlILgUI;lP

l-nck

The sequence of operation of figure 7, aIld lhe meaning of the abbreviation is shown

in table 7.1
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Figll[e 7 3- P,oce,1Sflow chan ofa T-shirt assembly line sewing section
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7.8 Conclusion

In garment assembly linc. there is a constraint of prccedl~g task The scC[uc~ce of

op~ralion is slricliy maintaincd. There is no change to skip or violate a~y scque~ce of

operation At \yorkstation 1, '-aw material comes fi-om the ,tore depanm~n( and

'iocc~s\i,e operalion is carried out at distlDct workstation At "orkstallon 6, 1h~raw

malerial comes from the store departmeDt. 1\0 prevlllu, opera\lOJl" ~arTled nul oflhe

0l'~ralion The,e i, no eonveyo'- 0'- belt to tran;]Jor( m~lenal fi-om One \\"rk;;laliolL lO

anolher workslation Helpers arc assigned to shift to the forward wl\rkSlalll)l\ limn

previous w'orbtatlOD after ~ompk(il\g operalion, /\fler eanied out operation at

"mkstatio[] 12, fmlsh product J, transferred to quality depanment 10 eheek quality If

there requiTed any ,ework on any part of finish body, full bouy i, taken!o the righl

workstation to p~rfomll\l'~r1(lion lhai dese[ve lor rework
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C1IAI'TEll-VIII

ANALYTIC VIEW

fl.l Inlrnduction

By I,llili:ting maximum pcrformartCC ofworl:er allhe assembly linc, the producti\1ly

status of all Assembly line can be improved, [n all lIssembl)' line, optimum utilization

WOrl:CfelTort should be ensured. lltere hlL~no meaning 10 assign efficient worker at a

less lime requiring workstation but the worker should be assigned 111mOTCor most

lime requiring woritslalion,

8.2 Trend of I)roduclivily with Time

The lIverage production clIpllcily doe.~ not remain conSllIlll wilh lime intcrval. The

trend of produClhily is explained in figureS. I.

Figure 8, I: Trends ofproouClivil)' wilh lime imerval

From annexure-iii, III very beginning of the da)', the production capacity per 20

minutes is 110 units, But it is reduced with lime intervn1. The maximum produClioll

cBpacily CBflbe foulld al 9.20- 9.40 lime sellfllcnl. AI this lime segment, Ihe an:rll11e
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production capa~iL,' i~107 unllS Due 10 physical fa(iguc of worker. this trend is

reuLLccdto 90 units at 12 40-LOO time segment

lla,ing a break for one hour, the perti.lrmance of \\'orker, i~ "'Gre"~ed and

productivity IS also Increased, At 2,00-2,20 tune segment, Lloeaverage production

capacity of the a5se~lbly Ime IS 02 units Thi~ lJlcrease cominue, 10,. 2 40-3 00 time

segmcnt then it is reduced again A! 2,40-3 00 time <;egmenL (hc productlon capacity

or Lheassembly linc is % units

Continuing the reduction oi'producti,iLy, at 440-5.00 time scgmcnt, the production

capacity pcr twenty is redu~~d to R3umts

I'rom the abo\'e treml ur average productivily, it is elcar that due to physical fatlgue,

the production capaclty doe, 110t remain con<;(ant and this reduction is a very

lignirlcant amoutll. At the begml1mg of the ;h,ft, the prodllction capaeit)' per nvcnty

minute was I JO Ulllts bUI it i<;reduced (0 83 units at the end of the shift

!U Productivity Analysis

In twelve worbLaLions (he operation are earned out. Lo~alion of operation has been

demon,trared III figure 7 I. "Ihe proce" flow ~hart ,how, Lhe consequent operation

and activily ofa typical. The tran'p",LaLion is calfiecl out by worker, no CtmveY()J(ll

belt 1",.\been u<;edin the workstation for trallsport<1l10Tlof raw matel ials Process flow

chilrt 01 as"embl,. line is shown in flgureHA

At ,(aning point]. full body p~rt of Ii T-,hirl is entered and successive oper~tions are

carried out at different work8t"tion Tran'por(a(ion of each part is camed oHl hy hane!

No automatic convey'" or helL ISused in the ~sscmbly line, ,\L \v()Jbtation number 6.

operation sleeve hem i~ carried out on two sleeves

At ",ork5lalion number 7. two ~leeves lI'om workstation 6 arc att~ched with the body

part which comes 1i'om worhtation numher 5 Thell IiJlother sequence oT opcr~lilm'

arc performed on the T-"hin After neck & sleeve opening chap tack Opcralion, a
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finished T shirt is found. The standard prO<:es~inslime orttlos!: operations is shown in

tableS,1.

Table 8.1: Sequence of operntion. position ofwarkcr 111 c"islin", line &: standard

processinijlimc uresth opcmtion

iHjj~iijiHr;i;iil !H,!<!H) '1''''''j1:i'''''iiil!,iii] :0; 11;'I m!!! i,ii'"d. i;'1"ijiji;i ji" 'i"""Ii ,iii IHil i,Sl~nda,d
!.!'I!!i:H:!'i'P!' 'ljl'I';I'H'''I' ::_".I,;;'!!!I;,!,,;,,!I.!:!,I,;', !1f~llliilliliiH iijW!!\t!i~dil'i'" : !:I;"I'I""!!"::' ":li'I'I"':!')';:1 j; j) 1iiI'I'i!:I! 'llililliih'j!';';"::ji";;::'::!''t:J"f.t;, :11,,1.1PH ii'" ilii.i:! jlli'j'i'i' :'b ":'!' I"", ,ill '!I!Il'Ji,,!,'lliiJ'lhI;,it IiIi il!i:: i,ni;i'UI!i! 0',,"'" ,1.1','I' ""1'1 •... ,l':>" l~:kl!i~inW,~r:t[;T"':'''''' I,',' ':.:Ii'" -"ll' Ii!ii!!i¥~rRilQ~j;~!!jiiiiilLW;;;'o:li i'i;;'i!.~~~,,!!m,. vtl!'k,,,,,., """" "

=S~'i';'j!nJ:::;""'.'::' i!J~!;I~Jill iji!,J,'JI,';;!i'l • ,1I]!;. ;;.;~"g~i!M;iIjiiifj! .""''' """,,' ,! :: !120 .ml It,
an I ,I" <s'W'e:I'I' l'ri"nli(Secl' ,,,!,,,,~;~,.,

1!!i!im!!!iiimi!.1i!i[rfr!H~fj!1 11!llli!ip'i'lIllmi"lnl'i;,l;! ' , .•••• . "1'
iiIi iJ 1!illjllili!!! j! I'!l!Hl!! jjlHiiiii!j~~i!,!HI!~~!!il..,... " ",,,., ,.",.... !;ml!i!,,!;!;;;,!i!i!!IHi!!Il!i!-- ~,~ '- ..,

, ~1lI_ • ~ ..,
S"" lIIbol

ott_ 01Uft PII •• MiC, ~. " _ •• Jon Rogt<oIcl. .~,~
SOlOUbol ,ttotf1 01 Loft, >l1Id<~irHlng , tnI,rk:C. ~'C ~. .00 '"

< N •••• CtOM , 'lain~ >lid< Ond"" .00 '"
SI'oo"'- Join I <M<l"'", •••••Si<l< , "< -,- • <, '"

I
Inlorta:, M.e '-• _.Hom , "00 '00
0... l",,~ ~l"'"'ltllS~,, SlNv.~ G" G;.G> "' -'- ~~ •~~,

• So>. S •• m N'.Ii>.Il,.f!< .,< -,- 31.:10 »_.
• Oponng C•••••• t" •• -"' -- 11 ,00 ,~

U. •••l ••••

o.eotI1 •• 11K' I'lftitt M.'C _. Opor>'ng C••••• "
" MdlCO'nl., , '"00

"'""' lobO< -.eO<!>., lloOr, !l<Itlom H"", , """"",. ~ ..•••~., "00 '00
~& so." ••
Oporr,;.,gC""P fIIo•• M'C !loll.", H.,., 00

" '.' , '"00

ColleCling dala nf e:lch operation. Ilveragc processing lime of each opcrlllion IS

cll!c:ullltedto find Lheefficiency of each worker. A\'erllgc proee~~ing time of elIch

worker at each timc segmenl is cxplained in annexurc-L llued on the avcragc

procc~sing limc of each \vor1t:crand slandard proccssing lime of each operation,

efficiency of each workcr is calculated. Overall performance of each worker of each

,,



time segment is explained in annexure-ii. In Ggure 8.2, the ovendl efficiency of

worker ISdemonstrated

From tiJble 8,1, it ,eems that ,tandanl proees,mg time of operation side seam is

maXlmum and the standard processing time is 37,20 second Shoulder join right side

and ,houlder JOlll len q,de has ~ame standard proce,sing tlme The standard

processing lime 01' operation shoulder join is S 40 second PCI operation

In 'Iorksmnon 7. three worker; are a,signed at the workstatioo to meet With the

smooth flow of matermls through the assembly Ime In workstation 8. rnaXllTIUm

number of workers is assigned at the station Four \vorkers are assigned at the station

\Vorkltalion 9 is oecupied with three workers At other workstallons, one worker is

"soigned at eil~h ,tail(ln,

Overall efl"iciency 01' "orkel that demnn~trated in figure 82 i, calculated u,ing

equalion (5.1) and actual production capacity 01' eaeh worker is collected from table

8,2 Slilndanl production capacity Cor eaeh operation i<; explained in tableS I

Performance 0 f each worker with time interval is explained in annexure- iL
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. .
From ligure S 2, It seems that cfficic~cy of worker differ from olle person to ~llother

person with a great d, tference. Among elghteen w()rker~, perfi,rmance ()I'worker Ci, i~

maXimLLlTIand the value ofpedi)rmance orlhe worker is 10220% On the olhcr hand.

the mlmmum ef1iciellcy " 63.27% of worker C The neXl maximum efficiency is

R9.48%, which i~belongs 10 worker D '[he nC),.1iowcr efficlency is ~'i,88°/, that can

be I'mLndl,()tn worker A. Those efficiency has been calculnLed dependlng the avelagc

lime and standard tIlnc of their operatlon,

To impro,e productivity. most efficient worhr ~hould be placed at the bottleneck

jl\lLJlI.As e1'llcicnl worker can do any opcratlo~ faster \h~n "lher wmke" lherefore a

rCUllCllOJlon pmceSling lime can be obtained by placing more effi~leTlIworker at lhe

bOlllcneck point. Garment compames uh,ay" delire to reducc thcir proce>smg time at

the bmtlencek pomt but they don't pay any allemion on thc overall performance of

\\,()rker e\'en if it is necessary to pay attentlOn,

Among olher worker, worker H, can perli.lnn with a 87 65%. In addnion, \Vorkcr I,

"-ndI, call pc, form with 75 3')% and 80,65% respeclively The performance of,,'orker

B, H, and L is 7872%. 81 38% ~nd 75295 re"peClively rhere ,s a rem~rkable

ddTeTence hetwcen worker G, ~nd C in Iheir performance Ihe dltfcren~t of

performance between (j, and C is 38 93%.

There i, a lillie difference in the performance of worker G, and H, Thc pcrformance

of wurker G, i<; 8571% and the performance 01' worker H, is 86.40% 'Ihe

performance of worker 1 and K are 67.05% and 76 'lS!% resre~I,velJ But this

djffcrcnce ;eem; \'ery significant when improving prodUC\lv,ty " " major vilion of

garment industrie,.

"Iablc 8 3 i, calculated based on Lheerlicieney of worker and standard proce~\ing time

of Lile co,rclpondlllg operation, By dividing standard processmg time 01' ~aeh

OperallOn ",ilh the performance of lndlvldual worker, average rrnee~,ing time ufthe

opel alions for ind,vidual; ha, been calculated

It seem~ thal higher clliClcnt >vorker lake, less lime to do a operalion Lilan Ie"

efli~,eJlI ,"olker The efficiency of worker (" is maximum and takes 8,22 ;;econd
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where worker C lakes 13 28 second 10complete a ~houlder Jom on the right sidc. Like

this, \vorkcr [) whose efficiency i~ 89 48% and lakes 16,71:Jsecond to complete a neck

and sleevc opcning chap tack operation Oil the olher hand, a Ie,s effLcient workerll

lake 19 90 ,econd In complele a ~ame operal,oll.

To complete a ne~k binding operation, \Vorker G, take lO,.'iO second but worker L

t~ke, 11,95 ,econd, This difTerence i~ not "een only t"r G, and L bul also ,t 1; appear

for cach worker. This differcncc entlces to dCSlgnposition of worker propcrly for thc

.liLakeof improving pwduclivil)'

Dalil of' table 8 3 pJe~cribe to aSlign more enicienl worker al the wnrblalton "hich

ha; !ll~Xllllump'oce,sing time, By placmg more effi~'ent \Vorker, the pro~e%mg t,me

can be reduced,
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ttl. I Existing A~sembly Line

Prrn:lucti\~ty loss, daily production wpacity of lIsscmbly line depends on the

ptrfllrmance nfthe worker who is placed althe houleneck pnim. So il is "nt impnnam

10 compule the production capacily of OIher \Iorker rather than hauleneck poin!.

Moreo~er, b}' minimiljng unnecessary labor force from assembly line. production

cosl wn be minimi:r.oo, Therefore. unnecessary lahar force should he minimi:r.ed if

possible. If produclion capacily of any workstation is more Ihan IWO times than

production wpaeity <'Ifbouleneck point. inefficient •••..orker should be removed from

lhe worksullion as he/she has 00 role to improve productivily.

N.l. I. I Daily /'rori//('/;O/l COl'ariry

Table 8.4 shows ke)' outcomes ofe~isling assembly line, Anne~ure-i show.; average

lime requires for an opt:ration at each •••..urkstRlion. WOrkSI!lioo 10 takes maximum

lime 10 complete an operalion main label attach al back neck, Average processing

time of haulenl'Ck point of e~iSling assembly line is 25.37 second which is the cycle

time of the line, The available time of Ihe shill is 8 hmns, Therefore.

. I r .On,ly actual output '", C UOltS

Where, T- A\'Ililab1c time, second

C'" Cvcte lime (second/unh)

"., "_." . C . 8d600"a, \' nvuuct,on apac'I,," ----, - 25.37
"'1135 units

Tnhle8.4: Key outcomes of existing assembly line.
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Ii.2.1. 2 Utilizarion lind ldlene'>S

From anneXUle-IV. sum of the total prodUCllve tilllt of each \Vork$lalion or the

at>stmhl,' line lJl nne eycle is 164.84 seeond and bUm of the avmlablt tnll" or tach

wmhlRI;on of the assembl y lL~eis 304AO 'tcond

lit,IL7a!'lm (%) ~ x ]00%

16484---x 100%
304 <10

~54 15%

From ~n!lexure-iv, total idle time of u cycle i~ 13960 second and capu~lty orlhe line

is 304 40 ,econd 'I herefore tht idlen€s\ of the linc is

ldlenes, (%)

2)~-1)
.'~L

,"
x 1OO~,1)

IdlenelS (%)
13g 60

= x 100
304.40

= 45.X5%

Idleness
%,45,85 UtilizatIOn

%,5415

l'igurc lU: Utilintinn and ldlcnes; of eXl,tmg a,~embly line
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8.2, t.} Unc H[fidetl<"\".. "

hom (able 8 4. average procc,;lng time oi'v.'orhtatiom. is 13.74 second and the cycle

lime or bOltleneck processing timc is 25 37 second,

[ ine em~iency. E(%)

•
L(c-")
"'=r '/100%

lie

. ft" I("') 1374Lme c IClcncy, " 10 = --- x 100
2537

=5415%

'10 improve prodU~livil y or aSlcmbly linc. Iteration 1; applied ba~ed on their lwerall

daily efficiency Elghteen worktrs are plnced in different worbtatwn randomly as it

is possible to predict whi~h po<;ition0 r worker will provide optimum productivil y

Number of worker at ddl"trtnl worbtation has becn counttd based on the number of

"orkcr of the e"i,ting "-,,,emhly line Po,ition ofcach v.'orktT 1\ explained in table 8 (,

Thrce ,,'orkcrs dre pla~ed in wnrkstation 7 and four 'vorker~ are a,signed in

worhlation 8 to meet wltb the throughpul of previom worbtatwn Two workers are

m,;lgntd ln "(lr'htation in workstation') III other workstation" one worker is pl~ced

Illlllally. workstation 12 where neck & sleeve opening chap tack opcration c~rried OLll

is thc bottlcneck poml 01' developed asscmbly line Average proce%ing timc of

botlicnc(:k pomt is 2237 second and efficiency of Worker.J who working at this

worbtiltion I, 6705 %.Worker G, whose ellic1€nC}' is 102.20% and maximum

','orking at worhlalion 8

AI ileralioLl-I, worker .J IS tramferrtd li'om "olkstation 12 to \\'orhtatioJl 8 and

worker G, i; tran;ferred f'rom worblation ~ to worhtatlon 12 becaL1~ethe efficlcncy

of \Iorker G, ,'> the maximum among eighl~eJl wmkcrs I be bottlc~eck po;nt i,

transferrcd from worhtntion 12 to workstation 10

--'7-



:\t iteration-2, worker G, is lransfclred fWll1 worht"tion 12 to \\,orkstation 10 and

\\orkcl" D vv'huse overall elTiciency IS 89~g%., tl"aH'Jerrcd from workstm,on to to

workstation 12, Nnw lhe bonlcncck pomt 1S lran<;ferred from workstat,on 10 to

workstation t2, TI.e processing time at bottleneck point or cyele t1me i~ 16 76 ,eeond

whtch LbIg,78 ,econd at IteratLon-1,

Atler iteration-2, (he daily production capacny of worhlation 9 is 4150 urnt and

prndu([ion Capi\C1tyor hoUleneck POint lS 1718 uni\. Hence, prodllClion capacity of

v.orkstation <) 1, mOle lhan twp time; than bOltleneck pomt and C~ll,e a huge buffer at

workstation 12, To reduce buffcr, ,,'orker B is released fi-om work~tation 9 Now the

daily production capacity ofworhtalion 9 is 2160 lImt, which meet with produwoll

~ill'acil)-'of bottle ned poml

ro check the effect of vJOlatmg Ihe steps of method has beell used l.e,s efJicient

worker H, is i\;signed at workstation 12 and worker D i, ~ssigned at worht~tion 7.

rhe bottleneck point is not tr~!l,r€rred from worhtalion 12 but the cy~le lime IS

increased ti-om 1676 second to )7,11 <;econd 1\'0'" the daily production capa~lly of

the assembly Illle reduce to 1GR3 umts from 17IH lImt, whieh is not desir~ble ti) •. lhe

shack ofprodUClivity

The pos't;"n "I" workers. pro~es,mg lime of e~eh work~lalion and Cycle tim€ after

each ile'a1ion h~s been explained in table g.5
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8.3.2 Assembl~'Line after Optimization

8..'l.2,llniliul

FlOlJl table 8 5, the proccs,ing time a( thc bottleneck point is 2237 ,econd and the

boltleneck poilLllies at worhtation 12 The daily production capacity of the proposed

line is 1287 u~it lniti~lly, ulili/.alion and idlenes, of the developed line assembly line

is 5953% and 4047'%. Worker J 1, a;s;gned at the botlleneck point whDle ovelall

daily elTLciency is 67.05%. Initially the a,;lgnl~g of worker ut the \\'ork8tation 1m"

been earned Olll nmdOlnly without con,idering their performa~ce. The producli"ily

lo~s due lO phy,ical ratigue is triggered by only the phY;l~ul ~bihty of the worker al

bOltleneck point. Line efficie~cy of the de\'eloped line is 5953% Total number of

\Vorkel at the "ork~tation is 18

8.3.2.2 Ilcruli(lIl-i

Aller Iteration-i, G, is replaced at the initial bottleneck pOlnt a~d \Vorker J is replaced

at the workstation 12, Now, bottleneck point is tran<;ferred from 1'oIOrhtut10n12 10 10,

Wmker [) i" working at the new bottlcneck pomt and average processing time of

bouleneck point is 1~n second and duily prodLLclloncapacity is 1534 unils From

figule~ 2. ovcrall effLCLen~yof worker D " 89.48 % wllich is Ie,s than worker G,

f'rom figure 8 10, [he efficiency of the asscmbly Ime is 68.60%,

8.3.2.3 lteml;on-2

,\Ilcr ilcration-2, VoiOrkerG, 1, repluced li'om 12 to workstation 10 and [) is

tr~n;ferred from 10 to 12 At iteration-2. bottlcneck point is trunsren'ed 110m 10 to

workstation 12, ,\\'erage proce"ing time at bottlcneck pomt is 16.76 ~ecnnd and

maXLmLllTIdady production capacity is 171g unit s, Daily production capacity of e~ch

workstation is not more than two time, than bottlened poinl excepl vmrkstatlon 9

Dailv production capacity of workstatlon 9 i; 4150 unils \vhere it is 1718 umt at

lw[[leneck point .1he efficie~cy ofthe assembly line i~ increased to 7(, 74%,
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1i.3.2.41terat;on_.l

From figure8 2, two worker, G, ~nd B are assigned at the station aIld tbeir overall

cffLclen~yaI'" 85 49% and 78.7:~% re~rectively At iteration-J. less eHicienl worker B

ISreleased from workstation From ligureS 4, the proeeS;lng t,me al bottleneck point

i\ 16.76 second alld the dad,. p,oduction eapaclly i, 171S unit From figure 8,8 and

r'gure 89, the utihntioll and idleness of the assembly line is 79 92% ~nd 20,08'\10

respectively, 1\ow daily producnon capacity ofworbtation '} is 2160 units And other

outcomes remain, lame

8.3,2.5 !tcrat;(Jn_4

To check the etfec( on productivlty if iteration is continued viDlating the steps of

figu,e 6] I'rom ligure 8 4, at iteratlun-4, average prOCC,Sillgtune at bottlencck point

lIloea,c;; fi'om ]6.7h second to 1711 sewnd and daily production capacity reduce

from ]7]8 u~ilto 1683 units A, m uppalel industry, daily producti0n capaclty i, the

major concern, thereli)fc, after iterat1oll-3, rur(hcr itcratio~ 1, not wise tCllthe sack or

daily jllOdlictioll capacity

processing time at bottleneck poilll

,
j~~~~.l,I,I:~I:I=

Inloal Ite-1 lIe.2 Ita-3 It~-4
Number of It~ration

flgule 8 4 Bottleneck lime orproposerllme at each itcrat1on,
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Production capacityof assembly line

rmJ
""' j' Ii jJL __l_
Initial Ite-', Ite-2 Ito_3 lIe.4

Number of Iteraflon

l'lgllr~ g,5: Production capaclf}' (Jrproposed line at ea~h iteration

1-~rOductivity improvement'ofI __ assembly line

I ; ::I--II=--'I,-n--~ I ',Q19
~ ?'JOO 1_._ -- -- -
~ lO00r - ._--
- 000- -,- ~ --,

110_" ~e_3

!\Urnb. r of if.,a1ion

~c_4

F'gllle 8 G Prociudi'lly Lmprovement ofpropo\ed hne at each iteration

Number ot worker assigned

Ini'.:al

17 n

"._4
Num b. r of it. ration

flgllr~ 8,7: 'I oral number of worker assigned al proposed line at each itclation
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Utili ••.",tion of assembly line

Inrt,,1 ~e.' '0-2 ~"-3 ~._4

Number 01 iter3l10n

figure g,g, Ullh~"lioTl nrpropnsed line at each Iteration

-,-~ -

Idleness of assembly line

5000,4000

" 3000"• ?O 000
0, 'UII~

"""

;rD'I/
1,~O---------

_I i'."'I
Inl'JOI Ite-' 11e-2 11e-3 110_4

Num be, of it""ation

Figure ~ 9 Jdlcnes:; ofpmp"se<.! line at each iteration

Efficiency of assembly line

1!" 10000fi=68-60-76,"74-79'92_75:11-

i5::: ti=::I__I:I:I_
Initial lte-1 Ite-2 lte-3 Ite-4

Number of iteration

l-lgurc g 10, FllieienLy or proposed lineal each 'telation,
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Table 1\.7: Impnwement of de"eloped line compare to e"isting line

".5In!."1 linn

Key outeomes

11iiimllIT1Hm 1!ml!j!1! lil'!1ijmmh mmml1m

,11~Bllll!Jlljlill,IJlill~iillli~~~ij:h" I" I" 1ll1'-1 iit, ": i:: i i l:Hi i '-1ii",' i~li;'I'"",;:i
~i ~.Ifl~;i"ii,,!' H;ii~miij~m!il

18 17.'XI" ~1~"I.~e:;•.

~:.~

2537 1135E,;s,1'IIl~-
•.iUltq, '".-~
Aftcr itcr-Ilion-J, produc1ion capncity l~ improved very s;gnificantly compare to

e."isting asscmbly Iinc. Lint efficiency, u\ilil.ll1ion, idleness, Inss due LOfatigue also

impro\'oo at itcration-). Therefore, po~ition ofworkcr ut iteration,) is most feM;ble

than itCflltion-l, itcrntion-2 and hCflltion-<\.

8.3,3 Assemhly Line nncr Line BnJan{'in~

In ttle now production system, it is one of Lheprinciples. from ma~s production point

of view to eliminate unnece~;ary transfer and hold up to achievc smooth produaion

now using the pitch time liS thc refcrcnces \'lIlue for s}'nchroni7.l1tion. To gJ1I~Pthe

IIclUlIlcondition of the linc balance. it is essem;alto complete the work by division of

labor (by worker) to alT1lflgethc results the following the normal order nfptoee~s and

presem thcm in graphical form in the pitch diagram WiLh irwesLigllt;ng of the

bonlcncck proccs~, control limit using the pitch diagram must be calc:ulllLcdwith linc

efficicncy 85%
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--

-----------.
Operation

Figure 8 II: t>rcccdence con~lrain for SC\viflij

Table 8,8: l.ine balancing of proposed line of a T-shirt (llcllllioll-2)

!!Fli.'! 'iiif;ij: 1""'1' "" ,. r" "'I 'Im,,- 1""''''TmJ!'''III: '"' ...•.., ;".tW" "1""""" •• l;,lnk" '
i' 111111';', 'j'IL:;'!; ll,!il !!'j;I'h11;lllj1- ,iiiill]!! 1( lii!:I' 1.!i!:' :1I"!i' illJil liiii':l!iHl!!!!i1li! ! ! t:!Wnll'~' ..~1',!!~fllllw.lilliiI II:. 1111• , ilmlillm.!! iiillllmi1!! IdiUL!HI ii!Hli!iimm~!Hl!i ~I~i:P;i:i~il:O'!!~l~r~]!ll~~~lMaciiJii.. l ..IT~,n,'ell""'" .

~lli.'.ilpi III'j iii!iI :1il;!l'l';'l'i';! !i,<:q"I"h;! Hl;j~:iji1\!~~;;~lll._'!ltMI •••Ii!! 1!1!.ml,!i!~!lill!l!l!!; .- ....."....... II,_.'•.•.;1, '''' ........... - ..... , """." ..
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, , , "'
, w._ ,~ I ''''$

• • , "'
, ~" "' 1Ulll

I '"', , • " E ~."' :0'"

• • . '" "
1riI., _ . 15,02

"
H,H,

'"' ,,~,
H,, " ~ ShI., S'l

, A<, ~ ,,~• G. "• ~ ,~ "
• • • I 'oc G, ~. ~ ""
" " • I .~G, ~" 'oc ""
" I " '" I "" F -- "~ "00

" " " N&SOCT 0 - "" ".
From table 8,8 which has been drawn based on the tablc8.5 after itcTlIlion-3, After

itemt;"n-), the linc efficiency is 79,92% and cycle lime is 16,76 second Considering
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targct line efTicienc}' ,'> 85%, the pilch diagram has bcen dra"n Upper control limit,

CenLerline ,md lowcr eonuollinlll hil~ been calculated usmg equalLon (5 6), (5.7), and

(5.8)

Theoreti,al minimum number of"orkstation, r
11,,=1(;1

15434
16,76

~9,20ccl0

I . ,;mo CC' I
.CL ... .,- .. LCL _

p-~'i=.<?~~~

'I he minimum number o("w(lrbtation is calculaled using equation (5,')). I he minimum

number of ','orhtalion when cycle lime 1, 10, It docs not mean the eXlicLnumber

reqUired for balancing

Pilch di~gram

I '"OJI ~,"'"i :Ji 14(>;)

"001'-000
g'HOO
'il "<Xl
~ ; 00
poc

DO(] __ • ,~_, _

5 0 7 8
Workstal,on " " '"

1'Jgurc 8 12 PilCh diagram ofdev~loped linc after iteration-3

hom figure 812, at wo,kstation 6,10 and 12, processing time lor an operatlon goe,

out of upper control limit EUl lO impJO\'e production capacity, it is wise 10 redu~e

cycle lime or bottleneck processing time To [educe proces>mg tilllC at bottleneck

POllil ur ~yd~ t,m~. 1termion has been made again and elTieient worker;s pla~t'd at the

hOllleneek point. T",o !leV,!\\(orkers has been assigned at the workstalion whn:;e daily

overall elTiclenev 1.\identical orc. Several iterations has been carried out !()r reducing

C\'c1elime which is explained;n annexure-viiI
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Table8.9: TII.~klime II.fierline bll.llI.ncingof proposed line of II.T•.~hir1

HlI1mllim
1"'T''''!I'' "1"""1'" liii!l!iilE Fm!ji!i!jliii~;i I"T"k"",11:"" , !! "m:,:', :i~1"Ill"'!!"" : Ill""":!' ""'1""': : :l!:::T~',:":':'
II"di!"liji r~~W:i~~;;il: !,!I';'I!,~,ii# ."....,;;:

iilllli!\~!W ::1,T"~'-l ' il!~r,:;t~;m:!ijiiil.'!i" n"::",,. ""1""11" J!iJ~i! '1"::';1" ;i.ll<!lI "'Itl' :'!~.~!'iJ.~. '~!~~~.~~i....,""" ............. ...... " ..... 1 " ........,.
0 <N"

0 '"' H, Coo' on, , "A , Plui:: '"' 1203, Inl'", , " , ~, "" 11is
• • , NO K Pluin N' ",ell, <N"

'"' E ,~, ,,~, Int",, '" CO, ~, .", H,H, 0.-

'.' " " ,~,Sh L. SH 11.06

0 "', 0.-, , " G," ,~, " 12 (2

0 0 , '00 0 "., " 12,7~

" " 0 Me< CC ".. 'CO 13 28

" Inter

" " '" G, - .e< 11,74

" " " N&SOCT G,B "." OK 0"

Position of worker and proces~ing lime of individulI.l workstation II.ficreach ilcration

has he!:n explained in II.nnCXUrC-VllLDaily production capacity. utilization. idlcncss.

and line efficiency ha~ been calculaled using cqulI.lion (4.1). ('I .3), (4.4) and (4.5)
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Pitch diagram! I -- lime

• •~=:
-. ec •

Figure 8.13: PilCh diagram ofproposcd line after line balance

Tnble 8.10: I"'I'rnvcment lInCr line balancing
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""'"-~....,.por.
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8.4 Loss Due to FlItiguc

I'erformance of workers docs nol reouun ~me throughout the whole shift. Worker

bccomt~ tired from lung hour or working entircl~' and loss their working cllpilhility

which results a loss in the production capacity of worker. A significant lImount of
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produ~t hils been losing in garment Industry due lO the physical faligue of \\'orker

rhi, prodLlCllvily lo;s has an impaCl on the profit margin. But m Ilangladesh, owner

Gflhe garrnelll ~ompanies has been ignoring,

8.4.1 E~istingl,inc

In e~isting assembly line. worker J " placed at the bolLlened point at work,lalinn,

Due to a cumulative 1:1ligue,efj'ciency ofthc worker doe~ not remain con.,tanl Al the

very beginning l1rthe day, each workertakc, more lime due to physicalligidily, After

,e,er,,1 minutes \\'orkcr gel rid I'mllllh1s ~nd pcrform Wilh n1a~lmlml efficiency

P"rtormance cUlVe of J

Figure 8 14 PClformance tLlrve of J

Bul the time for gettlllg rid frolll rigidily il not "Ime for each worker From figure

~ 14. \yorker .I can perl\lrLll \\,ith InaXllllum clTLcieney ii-om 9.211.940 time segrnelll

and it reduced wllh llme intcrval After having a break for one hour from I 00-2,00

pm, performance ofthe worker increases up 10 a level and then it decreases wilh tune,

Frorn lable 8,2. maximum procluuinn tapaeity in twenty minutcs is 63 unit, al 9:20 to

l) 40 lime <;egment then it decrcasc. Sublracling aClual productIOn capacity from

Lllaximumproducllon capacity 10% due 10 fatigue ha, been calculated. Considering no

physical fatigue, maxinlLim production capacity of e~isling a~<;ernbly line 1, t331

units 8ul due to physical fatlguc, actual productioll e~pa~ity of assembly linc is 1135

umts Therefore loss due 10phv~ieal fat1gue I; 1% units
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Numb,," "f unit I",..,.. due to f~tj9u",
"f de ve lope dim" _Exis tin 9

,
I,
!

1~00
1200
1000
eoo
000
,ee
'00

c
Actual

1331

MaxlrTl..lm Loss du",
to fatigue

r'lgUlT~ 15 l\umber ofumt 10,; due to fatigue ofeAisting hnc
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I\LJlllbCIofunill",,=/' -}', .
Los.I due 10fatigue = 1331-1 [3S

f' -}'Loss due 10 lallgue (%)=-'"' __ C y I(JII%
I'•

Lo" due to fatlguc = I(1331-1 I,5) ~IOO},I 135
~17,3()%

8.4.2 P'"odurti\'ity Loss of P....,poscd Line

To optimize Ihe productlYity Df as<;embly line, a,sembly line is designed ~galn

depending ()Il the pcrformance of wurker At each iterali()11of devcloped lin~, more

etticlent worker i" placed at bottleneck point. MaXllTIUmand actual dmly production

capacity ofa,sernbly hnc JS calculaLed ba~ed of the pe,fl1fm~n~e curve of worker D,

and J 011figure 8.17 and f'guI'e~, 1'1respectively

8.4.2.1 l"i/hl!

As the wOrhl'll1on is designed randomly without con.lidering the performance of

\volker <;0Ihat there J, no bia.ling occur, during placement of worker. Initially, at

bolLleneck poin!. worker J I, a'i<;igTledThc performance curve of the \VOlker i8 ,Iated

1"1',1.

Number of unilloss due to fatlguc of
devcloped line_Initial

1600
.fI 1400
'~ 1200
'8 100G

0"i~~~
~ 2QU

o
Aotual

1510

Mam",,,, Lo", due to

fO""U9

Figure 8 IG Number of unit loss due to fatigue of p' oposed combmation line
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From Ctgure g.I'I, ..~-- ,,.. '.., - ,~-
worker J ~Un perform with maximum elfi~letlcy from 9,20-') 40

111TICscgmenl and it reduced with time interval After ha,ing a break for One hour

rrom 1.00-200 pIli- perforlnancc or the worker increase> up to a level and (hen il

decreases widl time Number or unil l"ss and the p€rcent of 10,<;i, ~alcLJ[atcduSIlLg

cqualio" (5,~) ~Ild (5 3)

['mm lahle 8,2, maximum pmducllon capacity in twenty minLlt€qis 63 Llllltsat 9'20 to

9, W time segment then it decrea,e The bottleneck poi"t is lies al workslat1on 12

wiler(' operation neck and slec\'c opcning ~hap tack is PCrronT1ed,

From t~blc ~ 12, the actual production capa~lty of tile exi.l[ing ils>embly line is 1287

unit and I1.nximum production capa~ltj' when fatigue 1Snot considered is 1510 units

The numbcr of 223 Llnits 1, loosed due to phyoieal fatigue \Vhich l> about 1730%

Numbcl 01' unit lo,s and the pcrcem of 10" is calculaled using equation (6,2) and

(6 J)

Table 8, 12, Productivity loss dLleto fatigue or proposed a>sembly line

r,"'p. '. o. " ffi-?' c, I c. Pm-P, C, C. p,,-p. c. O. Pm-P,

'" 15"" 1660 "" 171B 1, B60 ," 1716 1860 '" '683 1119 ""
82' % 82-,'~ 821 % 2'51C

fm~!Ulil~:~~G;;;;:)1;;[1111,'i(~~~~~I~}:"";';I::l:~\iq~~.:/<:11Ij;\~~~I(i~~~imui;;m:j[~~}m;l~_mm~
~ ISle

I 17 JG '"

11,4.2.2 !/('rtltion-l

To optiml~e produClivity of assembly line, as~embly line has heen deSlgned again

dependmg on thc performance of worker. At each ilerat10n of developed line, more

efti~lent \\orker is placed at the bottleneck point ;\s. among eighteen workers,

worker Ci, holds maximum efficiency or 102 20% Therefore, the \Vork~r io placed at

the bottleneck point, But bottleneck point is transferred from \Vorkstation 12 to

workstut1on 10 where worker [) lS assIgned As productIvity lo~s depends Oll the
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worker of bottleneck point. hence. at this situation. performance of "'orke!" D i:,

ItudiecllG calculate the fatigue los,.

Performance curve of 0

'!81~~g~].. _~ ._.__ .~~~~
80 00 .• -.-.. - ~ -"_",'.'
60 00 . -----------------

~ 40 00 . ------ --- ---------Ji ;>0 00 . ------- -----------~ U QO . - _

~ 8 ~ R 8 ~ R 8 ~ R 8 ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
o C2 ;. " 1'!

Time interval

f'igme 8.17: Performance curve of worker D

cram CigtLrc8 17. It IS clear that performan~e of worker n does 1\ul remain con,tam

throughout th~ whole shift lu,! afte, gelting rid from physical rigidity. the dticie~cy

of worker D rcach at thcoptilTIlllTIvalue of99,80,};, at 1020-10-40 lune .Iegment Bul

it IS reduce with lncr~a,lng tlme Ha\'ing a reduction to a value of 86 28% at 1210-

101) tmle segm~[]I. il is intrea,e after a rClt for one hour At the end of the day, th~

,,'orker shows 75 66% efliciency

Numberof unit lo~~due to fatigue at
iteration-1

!;~::t.""~I'"O"~,
~ 100U -

SOG 12];
~ Q =-~,

Actual Mo"mum Loss dlle to
Fatlgua

I'igurc ~ I~ Number of umt lo,s due lO fatiguc of proposcd combination line at lte-I.

From figure8.18, the maXLmum pro(\ucllOJl capacity ancr iteration-t is 1(,(,0 uml~

\\'llho"t cnn;:idcring any physlcal fatlgu~, Bul lhe actual production cap~c;ty of the

- 75 -
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""embly iLne IS 1534 'lherefox 126 unit I" loo,ed due to physical fatigue which

8,21% of actual production capacity.

8.4.2.3 /femtion_2

At itcr~tion-2. worker G1 is lransferred from w()rhLallon 12 to workstation 10 ancl

worker I) is tra~,ferred from ](1 to 12 lim botllencck poinl ~xist at the work;talloll 12

where wOT'k~rD has been iI%igned, Operatlo~ ~eck and slceve opening chap tack i,

perti.lrmed at the 'Norkstatio~ at the workstation The nalure ofperforIJl'l~~e nlTvt, of

worker n IS stated prevIOusly hom figure 8 19. Lhe aCLllalproducllon ~i\pm"ly i,

1718 unit and I1laXlillUm production capacity of the a~\embl y line wllhoLLI~()n~ldering

no tilligue is ]860 unit, 'I herefore. 142 uniu are Inoled due to phy,;ic,11f~tLgUC

Number of unIts loss due to
''''igue 'I' It<>,a'ion_2&3

2000

fl-
1060

! 1500 --,
1000

I 500

I = 1"i'2--

0 -, --_.
A"L""I lIk-,x"nurn Loss

due to
fatlgu"

Figure 8 19 . Number ofum! loss due to fatigue of pro pOIcd combination line aLile-

2&3

8.4.2,4 lrerlll;on-3

,\1 iLerali'111-3nO worker ha.1been Lr~nsf"eTTtdIi-om worksmnon because performance

of w0rker is greater than other wnlkcr Only workel B i, relea,ed li'(]m the

worksliltion, AI ileration-2, Lhepruductlon capaclty ofworkstatio~ 9 1, '1150 unit but

prnduuinn capacity of bonleneck workstation is 1718 unit, Hence, productioo

capacity of workltation 9 IS more than two time compare to botllencek pOint 'I here

has no meaning to assigning any unnecessalY worker in lhe assembly line
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Number of units loss due to fatigue
at iteration-4

As, prududllln ~ap~~ity of d5bemhly hoc I; tfiggeCl~g by the workstation 12 where

workel D I",,, beell a%igned TheTeli)re, plOdu~tlvlly loss w,lI be triggered by the

workstation 12, The 'l<lture of perfurmance of worker I) who '5 assigned at

wO,ksl"'i(m 12113' been ~laled

As lhere i, no intcrchange of workstation ofworkcL there IS no chaogc in the actual

,md maXll11L1mproduction capacily. The produclivity los~ remains same a\ again

\\orker D ,\ a%igned at hi~/he,' plevious ",ol'1<stalion. 8.21% pel'eent is loo,ed due 10

rmigut

6'.4.2.5 lIeration-4

Itcratioo-4 has beeo camed out to examme whether productIvity can be lmproved lf

steps j f itcrallon is viulated Ac lteratloll-4, there's il signifi ~ant re,ult fllr product, vit y

I(),~ Bul it is nOl wi,e 1'0<the shakc of productivity Actual number ofunit what can

bc produced in an 8 hUll! shin is 1683 LLnil,and maximum pn)duclion capaeit) i\

17J9units Therefore, 36 unit; is loosed because or liuigue, Hence, lo,s due to ratigue

is 2 15%.

-~ - - .. _. -_._--------------

I
,g) 2000, __ 1683... 17.19. _

~::::tl--I--" cM_I_ _ __
~ oW I --- ,,--

z C-'- __--_

lV~ximlJm I.GSS due to

fdllglle

Figure 8 20: NUlllber or LUlit10%due [0 latiguc of developed combmatlon IIrLCUl ite-4
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Produ~tivity1055du~ to fatigue

i•,
l
1

Inlt,al ~e_1 ~e_2 ~c_3 ~,,_4

Num ber of iteration

Figure8 21' Producliv1l] In,lS dLle to fmigue

8.4.3 Afler b"l"ndng the line

~'igLLre8 22 ;dm",.\ [he lIalureorpelrormnnce wilh llme interval ofC T\\,o workers C

who'ie erliciency i~idemical, has been ns~igned In the workstation and cycle ti'ue is

1.1,28 ,ecund, The av~liable lime 1; 8 hours Therefore daily production eapacil)' is

2169 unit. Figure 8 22 and tablc 8 I} show the nature of performance and productivity

\\ltl1 time i~ter,.al

Performance curve ofC
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l\laxllTIulTIprodLLctlOncan fi)und ,It lOJ)(J.10 20 time segment and It is tcdu~ed with

lime 10() units Can be produced at 10,00, I0 20 Lime ,>egmem But ill the end 01 the

day Lile~Upuclty is leduced to 79 units in twenty minule, Without considering any

pil\'lical fmiguc. the maXllTIUrntotal productlon capacity Mthe assembly line is 2425

unit Ther~fore_ 256 uniLs lS loosed due LOfmigue "hich is 11 ~O% of lh~ actual

production CapiJClty

Tubl~ 8 13 Productivity loss due to faligue ofpropo;:ed ass~rnbly line ane! Im~

balancin"o

" "0-62C-""-' ,'," "" ""., "",," ,
I we w, I 0

8 20_840 W, '"' I 0

a 40_9 00 we we 0
900-920 we '" 0
920-g~O ',06 '" 0

940-IUOO "' " ,
I 1O,OU-I020 '" wo 0

1020.1040 W '" I w
;G4~_1100 w wo "
lIOO_11,?(] " ,eo ,
11.20-11 40 00 000 ,
1140_>200 e, '00 '"1),U(]-1220 " wo "1220_'240 eo '00 I ";24~_100 eo w, "~ 00-2 20 00 1G~ "220-240 " WO "2 40_300 W '00 "300.3 2G "' I '" "3 2~_3 40 eo '00 ";J~O-400 eo w, I ~
• 00-4 20 " ',GO "• 20-440 ;0 :00 "4 <G.oC~ '" 000 "Toiol 21E9 2<25 256
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Number of unit loss after balance

2425

.. -IlTI111] -
!lllm~ --------
IHmm _,_'1:;::0-,

3000i 2500
2000o~ 1500

~ 1000
~ ~OO __

o J.
MalClmum Loss due to

fallgue

Figure g,23: Sumber of unil 10'" due to physical fatigLle an er balanci tlg

}' -}'
1,as; due to fatigue (%)- ,., " A 1(JII%• r.,

256
~--xIOO=118(J%
2169

8.5 Conclusion

Production capacity of ds>embly line i.1 increased with rcplacing more el'!i~lent

worker at the boule ne~k point Not only produelillTl ~dpdl'ity but also utili.ralioTl, line

eflieienn. idlene,s ha; been implOved aller ea~h itcration Every worker incur, a

mlilimum space and wage which led to increase ~o,t of production Therefore.

unneee~\Jry workforce in assembly line incr~a8~ production cosl and it i,meaningless

to assign [.tenee, as~ig[]]ng effiCient worker al bnlll~n~~k pOint, number 01' lOlal

",,,,kl()r~~ ~an bc reduced very ~ignili~untly, Ilceau,c of w()rkmg for long time,

production capa~ll)' i, decr~ased to a lemarkab[~ amount Hut the le,el or ph\,,'~al

fatigue or ea~h ,",'ork~r docs not same, There!ure, it IS wise tD place a ,",'orker with

high phy,l~al stamitla level Along with pla~ing 'yorker with stamina at bottle tleek

poi,,!, ~ pr~("ctjve model should be generated tbat \\'ould allow job deSlgners to

estimates wh~n "'ork~rs \vill reach lLll,are level;; offatlgue In addition, in selling a

\'iork envlwnment, the main sour~es of fatigue such as air, noise, vibrallOn, llghtlllg.

length of ,hi rt, temperal ure, ralhation, and ergonom iC.Ishould be ~OnSldered

"so.



CIIAPT[H-IX

RESULTS AND DlSClJSSION

9.1 Introduction

Faligue sludy ofworkrr I; a very "gniricanl way (0 design the posnion of worker al

Lheasscmb I)' IInc Overall peril)] manCe of workcr changcs wIth the 1ncre'l"ng "f lnne

of ,hili. Misplacement of ,,,orker resull~ a reduclion in lhe production capacll}' 01"

asstmbly line Therefore v.,orker shoLL1dbe placed based on their o"erall daily

p~rllmnance i\ vcry promlsmg re~;ultcan oblained 110mlhe workforcc by introducing

a proper "ay 01"placing Hencc. every garment; indUSlr}' ,hould follow an effectivc

way" hiIe assigning vv"orkerm the as~ernbl\, Iinc

9.2 Results and Discussion

The the,i, prcsents the rewl\> 01"aTlJly~is and development of a tcame work fur

imprOVLllgproductivity of assembly Ime by anal yLing ovcrall performa~ce of ,vorker

lot h,s Ihe"" lime ~tudy. workcr performance, lLliliLalion of a~scmbl y line, idl enes, of

assembly line has been studicd to develop a framework of improving produdlon

capacity assigning samc workcr at different "'Nkslalion

1n chapter 8 and lable 8 5, eXisting buttleneck poinl limc is 25 37 second and lies al

worhlalion 10 Daily produdion ~apaci(y is IU5 lInit hom table 8.4, utilization and

idleness of existing as,embly hne i" 5415% and 4\8~ %. F.lli~lenC}' of" c~isting

a~\embly line 1; 54, 15%, Production capacIty los; du~ to phy~ical fatiguc is 17 31%

Tu imprme producllvlly. as;~mbly line i, Icarratlged and more efJIciem worker i,

placed at the bottleneck point bascd on thw overall efliciency, hom table 8.6. it i,

clcarcd that after each ilelation proces,mg time al bOlt1cncck POint i~ decre~sed and

dally production capacity is TJl~reased



In chaptel 8 and table 8 5_Imtlally procebsing time at b()uleneck pOlnt i~ 22.37 second

of the dcveloped combinat1on, Aft~r 1teral1on-J, the proce"ing lime is Icduccd fwm

22 :i7sccond to Iti.7ri ~~co[]d, 11any more iteration is carried out violating steps of

oj1limization which is expl~lned In f'gur~ ri_l, average proce.\,ing lime i" inCieascd. At

iteration-4, pro(:es,ing t1me il increased rmm 1676 second to 1711 second Due to

increase III pro~e<,slJ\glime. daily productioll cap~city will be llecreased Tb~refl,r~ II

1~ nol wise of violating steps. from figure 8,5, lJlll;al produclion capacity or

dcveloped ~;,~lllbly IlIle is 1287 unil -\fter iterallon-J. dally production cap~c'ty

increa ,ed I718 unit !Jut if fi.1l1h~rIter~tlOn is done viol atiug step.1of figure 6. 1, daily

production CUPilClly'il dec,ealcd l'rom figure86, at 1teration-3 productl\';ly or

developed ussemhly line has becn improvcd by 33.'19% percent but 1t is de~rea>,~dat

Itcration-4 to 30.77% Therernre, for the shack productivity of assembly line, po,ltlOn

or worker at il~rulir)]\-3 i~ most feasible Production co,t is directly relul~d 1<>labor

cosr 1f exces,ivc nUI1lber of work er in a%embly Iinc is assigncd, production ~oSI mu,1

be increalcd. I'rom figure 8 7, at HeratlOll-3 and itel'alion-4, 17 workers are required to

meet with the producnvlly orboilleneek point Initially, eightccn workers are a;,ign~d

in cxisting as;embly lin~ bill alter iteralioll-2 one workcr is relcased to reduce

unneccssary manpower Figure g,8 "nil figure 8 9 ,how. utilization of assembly line 1,

inClealed With dccreJ;lng 1dlen~%, Al iieralion-3. ulilization is 79.92 % and Idlenes,

'" 20.08 %. lnitially utdintion and 1dl~n~% i, 59.53 % and 4047% respcctively.

Figure RIO show's a Sllcce.%lveincrea~e in line efficiency Linc efftcicncy ISincreased

from 59,53 % l" 79.92% aner ilcralion-3line cfficiency de~r~ase ir e(lndilion of

figure 6, I is vl()lated

Aller balancing time a<;\embly linc which has been found ~fter iteralion-2, The daily

pl'(lduel10" capacity is also increased to 2169 units, Not ollly production capacity but

al'll line elTieiency and idlcness havc been 1ncreased by 5641'1, and 6740 %

comparl' to eXl,lmg line The cycle timc reduced from 2:i,37 ,~cond lo 1328 second

hom figure R 13, Ihe line il well balanced a, each w'orhtatlOn lies within thc control

limit

i\, physical fatigue depend, 01\ lhe physical stamlila ofwork~r and line j1lOductivity

un bllttl~neck point, it is wisc to ,eied higher physical stamilla at bottleneck poinllo

lmpro\'c producti"ily, hom figurc 816> mitmlly, maximllm and actual dmly
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productLon cap<Jclty ol'proposed line i~ 1510 unit and 1287 uniL Thcrcfole, 223 units

,Ire 1000ed due to phy.,ical faligue But (he number of unit ll1o~cd due to phy~ieal

l;llLgue lS decreased to 101 units atlcr iteration-3 At iterallon-~ number of units

loosed due (0 fatigue is 36 units I'rom figure 822, initial loss due to fatigue of

de,-cIl1pcclassembly line IS 17,-,0% At lleratlon- 1, lteration- 2, and iteration- 3, the lo~,

is same <JndIt ,'> 8 21% hecau<;eof~ame "mkel is placed al the bottleneck point fiul

tillS loosed i, decrea<;ed to 2 15 % at itcration-4

After balancing the hnt ",hich has betn fuund aileI' i(eration-2; from jigure8.2~, lhe

actual and maXJlTIumproduction capacity 1, 2169 "nilS and 2~25 unit. Thereli1re. 256

unit, i<;loosed due to fatlgue \vhich I; J J.SO%

In annexure-VII, fig ]Jig 2. tig 3, fig~, fig 'i, fig 6,fig 7, fig 8, fig 9, fig 10, fig 11; tig

12, fn:; 13. iig 14, fig 15, fig ](" fig 17, fig 18 art the ptrlurmance curve of\V!lrkel 1\.

B. C, I), C, I', G
"
G" G

"
H" H" H" H." I,. h '- K, L relpec!ively Performance of

worke<s shOl' effiCiency docs not remam constant. At tht btginllmg of !la", d"e lO

physical rigidity. no worker c~n able to ptrillrm with lhtl! maximum ability ,\tler

,evcralminule they gel rid from thIS rIgidity and ,tart to ptrlorm WILl>lhelr maximum

efficiency But due to repetitlvc task, nOIsy environment uf workplaet. lJlsllllieien(

ventil ation, temperature, performance 0 f each worker red"ced to a signi flcant level tlll

having a break fi)r one hour. Having a respite tor one hour. performance of each

"orkel is increased But level of performance can oot reach to its prevlOU, l1la~imum

position

From table g,7, Recnuse of decrease in a\'elage proccs,ing lime at bottleneck point by

:".94%, production capncity of developed nssembly line i.1 increa.,ed at optimized

situation by 51,40% compare to exi~lmg a%embly line number of worker is reduced

by I unit Utilization and idleness of developed as,embly line i, improved by 47 59%

and 5621 % respectively, [0% due to ph""ical fatigue is reduced hy 64 45% and

effiCiency of as,embly lin~ IS impro\'ed by 47.59%.
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9.3 Conclusion

So limn th~s~ allalvsis, it ig clear tl",t processing time at boltl~neek can be leLkLc~bv. .
~s,igning clTlCient w(lrk~r a, \vell as pr",luctivlty also As cn,l r~garding labor il

(hr~dly related to number orwurkernccd to assign m ~s,embly linc, total produellon

cost call be rcduced by assigmng efficlcnt worker al bottleneck point Not only daily

productIOn capacity and prndu~tion cost but also utilization, line efficiency_ idlenes,

can bc optilTIlZed -Ihere are ,everal operations reqL1iredm apparel industry_ Each

operator ,hould be trained in those operallolls so that thev can be replaccd in diflcrent

worko1ations while assigning lhem ~t \\-orkstation By proper line balancing, cycle

time ~iJTlb~ reduccd and produclivit] c~n b~ Improvc to rcmarkable extend



CHAPTER-X

CONCLlISSIONS AND RECOMMENDATIONS

1(J.t Introduction

Because of incrca,ing compdLllllll ~nd demand of gmm~nb product in the global

market. it is veT)' important for garment cnrnpalli~~ malntaming the demand and

deadline of Shlpl1lCnt. Gut in the mOIl c()mpany no way of improving t~chllLqUC has

been €Jlll'l"yed. 1n most of the assembly line of garment in 13angjade~h, indficLent

worke, is placed al (he bottleneck point which redutes prodUCl1\'lty 13ccau.\e of thelf

ignorance aboul the proper utili7.ation of wor!<cr', maXlllllllll performance in Lhe

assembly line; compume, are losing to have maximum UlTIllunt ofproctuct by lltilizing

10.2 Conclusions

"[he the,;, is c~r['ied out for the purpose of analysis and de\elopmcnt ofa frame \\,ork

for improving productiVity III an apparel company based on thc pCllonnance of

worker. Tn develop " tj-~l1leworkof improving prnducLivlly, t1me stu dy, fatiguc sludy,

worker perform~ncc h~s been studied

It I, clear that per hour produel10n is inversely proportional 10 hottle neck time

Bottleneck time can be reduced by placing eflicient worker at the bOl!leneck point

:\Jumber of total \vorkcr required in as~embly line can reduce by placillg etlic1ent

worker and plOdllcti"ily call be unproved. lt is also noted lhat PlOdUCtlVllyio,s due to

t;ltigue only depend.1 ,11\ Lhe nature of pcrformancc of wl1l'ker a%igntd at the

bottleneck POi~1and it can Iml be leduced aller a certall1 lumt. 'Ihclcforc. prodlicLivily

lOIS dlle to latigue 1, not SO significant matter al opllrni,,,,d ~ltuat'on because

maXlmum productlDn capacity can be rOllnd wilh bigher loss duc to fatigue It is

ObVlOUSthat ulllization i~ a%embl}, line can Impro"e and ldlctlcss can be rcduced b\,

asgiguiJlg dllclenl ,,'orker at bottleneck pOlm
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10.3 Recommendations for Jiuture Worl,

from the above result, it is clear Ih"1 " promlSlng result can be oblamed by studying

fmigue of \vorkcr 13y implOving source 01' physic,11 fatigue such a;: lighling.

vennlmion, sufficlcm space allocalion, keeping lower label of noise. ",orker',

I'hysic~1 fatIgue can be reduce to a extent But it incur, ~m"e additlOn~1 cost to the

prlldud, Rut the main goal of any company is nOl only In provIde 'erVlCe but also

profit If the addItIOnal cost is very high compare to the irnpro,'ement of productivity,

it is nO! wise to expense to develop the environment 01 workplace.

Hut lile siudy is limited to Ihe siudy ofwllrker's fatigue 1t in nceessary to examine the

reiatlOD;hip between improvemcnts of productivity and inc[ease in eOSIwinch incurs

for vcntilarion. mulli operation training. keepmg low label of 1l01,C,VCntllalioll and

others. A future study can be carried out to rind lbe prolilahliity comparing the

Lmprovement of productivity and increasing additional COSI.
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Annexure-IX
SYMBOLS CSU) FOR PIWCE~S FLO"'"CHARI

OperatlonOperalion

"';; ;~~~lE;m!t;lm:l!t~#~i;;ll~It!;~~~~Sgf:~m1~gmmE~~~~l!H;i:w;111j;;E;:::!H!:;!j!:~:i:n:~~ifB:~fi£1j;;EE;milimmTI@0m;:"
Rcpresellls process~, Whl~h affect the shape ~nd

O~ IpropCrtLCSof row matelials, materials, part, of
proJu~t,

,
;

4

5

"

i'ran,portation TransportatlOn

Storage

Oeby

Quantlty Lnspcrtion

Quality In'pe~tLon

q
V
D

o

o

Repre.,ent, processcs which atTccls Ule lo~aLlonof
law ma lenal, Illat~nal " part, of product'>

Represent> pro~~"e, which ,torc raw m~lerials.
maLermb, pmt, and product according to piallulllg
I{epleo~nts conditions where ra", materials,
motcrlals, parts ~nd prodll~ts are accumulatcd
accordmg to p[~nnll1g
Repre,~nts procc"c, whcre the \olume or
quaIltlty of raw matcrials, matCrials, parts and
products ~rc mcasurcd and eOIllpar~d \\11th the
reqtlLrcmcnt3 for dcvlations
Reprcsents proccsscs where Lhe quaiJlJ.tive
prop ertle, of raw malcnals, malel ials. parts and
prodll~t, are te'ted and compared WJlh ll1e
J~qllir~nlen[s to detenmne acccptabilLty of lOISor
prOdllC1S.
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