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ABSTRACT

Imprening produchivity 1s the main concern of an apparel companies There are many
problems in apparet companies which obstacle the higher productivity. Unskilled
workers. physical fatisue from extended working hour wilhout rest, misplacement of
worker al workstation, lack ol traming, absence of engimesnng knowledge and
engingening management to utihze optimum cfficicncy of warker. which are directly
related to production Lack of interest of higher authoiity 1o implement the
engincering managemeni and lechnique Lo increase productivily impede to accelerate

the productivity i apparel mdustry,

As the ovaall daily performance of each worker 18 nol same and the change 1n Lheir
performance defer from one worker to another worker In this thesis, a study has been
camed out to tind out the effect of fatigue on productivity and to form a framewark to
tmprove the productivity based on the overall performance of workers During the
investigation aliention 2 concentrated on how physical (aligue of workers Influences
the daily production rate and way to nptimize the productivaty of apparel indusines, Tt
has beeu [ound that i performance ol workers are observed regularly and these resulrs
are properly implemented then daly production rate increase up to a satisfactory ievel
with the same cHicient workers, same machincrics and same technical (acilitics Lven

i physical fatigue exists, loss due lo Tatigue can be reduced to a remarkable tabel

X1



CHAPTER-T
INTRODUCTION

1.1 Introduction

A maor movement within the rapidly emermni global market has involved g shifting
focus from low cost products ta high quality, high value products, Specilically i Lhe
aoarment industry where competition 1s lngh. In addimaon te customer driven demands,
companics arc berng made more responsible for geod working conditions on the floor
by government regulations, behe labor markets, and recognition of the value of a good
employee. To meet these demands, garment manulaciurers must (ind a manwfacturing
mcthod thal mects or excecds guality standards while decreasing costs through
oplimuzing  manufacturing productivity, cfficiency. and safety Favigue plays an
impaorlant role in designing systems and tasks Design of successtul worlang methad
helps 1o wilize the hunan capabilities with job demands A mismatch of this interface
can increase expenses, thus alleching the net profit by causing human operators to
make mental mustakes, work imefficiently, o work bevand thewr physical capabtlities
ta the paint of mjury Workers fatisue rescarch has been cmployed where ghly
repetitive and low o wnoderate (orce levels  Accumulation of muscle fatigue that

results in chronic muscle pain s commonly considered a causalive faclor |8,

latigue as a major probiem 1n the Bangladesh workforce. and one with a major
mmpact on produchivity and cosls Workplace conditions for which fatigue is a major
syiiptown such as depression or amxicty accounied for only a small pant of the
productivity losses Far more of the costs were thought to result from a wide range ol
othet physical and mental health problems that may occur when (atigoe is also
presenl Fatigue reduced work performance manly by inlerfening with concentration

and increasing the time necded to accomplish tasks

There is a clear relationship berween quality and productivity  Generally, when
' .- -

qualty increases, 0 will productivily, because waste 5 climinated. The amouni of

inputs required to produce cutputs is reduced So productivity incrcases |his can

happen as leng as the mdvadual or @oup of individoats is willing to exert eftori and




has Lhe capabibiy to achieve the guality producuvily levels desired 1t ts the aperation

manager s task to provide the facilities. tools and deswe or monvation to do so [3]
1.2 Problem Statement

Durmg the last decade, there have been scveral chanpes in the intemational Lade
agrcements {or apparel products, which ave generating new challenges and
oppurlumlies {or the expurl-oriented apparel mdustry of Bangladesh DBangladesh
gconemy 0 gssocialion with low labor producnvity, a low cfficiency of the warkers.
lack ol elticient infrastruciure | low level of imvestmenl, lack of opporiunities an the
job raminy, Tack of knowledge and awareness of the management about productivity
and quality we miensilying the internationally onginated challenges So it s
necessary for the readvmade ganments industry of Bangladesh 1o develop a standard
framework for some functions of quality and productivity 1o maintain  the
imternational level ol slandards ol qualily lo meel the changing needs ol ail the

CLALOMET S,

Today, the Bangladeshi garments industry is lacing a [ierce competilion in global
market, wherc price is order gualifier whercas cxeellent service, high quality of goads
and timely delivery arc order winners Increased competition. praduct diversification
and cxcellence in serviee have forced surment manufaclurers o ngrease produchivity,
0 reduce costs. adapt to demand cyele and improve quahty Only those units wll
survive which are competiive and efficient o all }espect For the last decade
mereasing glubal compeliion m manufaciunng has (breed companies o focus on
enhaneing the elficiencies and economies of scale in all of thew business processes
‘there s a growing trend towards downsizing to decrcasc the labor costs of
manufacturing and assembling products. One result of this trend 15 that downsized
companesy are [Oreed 1o produce more using fewer resources 1o compensate for the
{ewer workers, overtime hours worked by industnial hourly workers have been on a
steady inerease for years, Unlortunalely, this increase in physical fatipuc can lcad to a
decrease n the gualily of the produced goods becausc of the reduced accuracy of

i

wirkers’” movements [11]



Application of industrial engmeenng techniques such as time study, method stody,
lime balancing and fatigue study 15 totally abscnt. though by using those techniques
productiaty can be inproved  Althowgh there are several reasons behind these, all can
be attnbuted to lack of knowledge and awarcness of the management about
productivity improvement tools and lechmgues Fligher official or owner of the
garment company should be aware and take necessary measure [or improving their
existing production capacily, The main issue 15 to analyze the case-specilic situation

of productivity 1ssuc that s affecting a parbicular case,

1.3  Objcctives

‘L he objectives ol the study are:
b Fmding the effect of fatgue on worket's per howly production rate with time

interval and how does 1t change

2 linding the ellect of [atigue un labor unhzaton winch is the ratio of productive
ume and eycle Lime or botileneck nme, 1dle time and cyele ime of worker
3 To catcgonze worker according to their performance

4 Derermune the most probable pecind ol fatigue of worker

A

Developing a fiamework do improve productivity,

The main cutcomes of this study are: (1) Relationship among productraty, utibization,
idleness, hine elliciency, [atigue loss of assembly hne and worker's fatiguc (2} A sel
of guideline for improving productivity.

1.4  Methodolopy

The methodrlogy of the study:

I Data collection from the sewing floor of cach worker ot each time segment of an
assembly line throughout the shufi by splitting the entire shift into 24 cqual time

sepment
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Caleulanng the performance of workers by comparing processing time and
slandlard processing time, caloulating machine utilization by companng productive
time ol a cycle wath cyele time,

Calculating 1dleness from idle time of a cyele and cycle time throughout the shult
of mdivedual worker

Ivestigating produchivity loss due to fatigue based on maximum praduction
capacily considering no [aligue and actual production capacity,

Ay production capacity of assembly line depends on the bottlencck peint,
therefore efficient worker should be placed at the beblencck pommt  llence,
ldentifying and replacement of most cfficient warker at bottlencck paint to
cptimize productivity

Lnnecessary exira worker leads 1o inerease production cosi. Hence, releasing
meflicient worker fronn the worksianmm 17 unnecessary extra worker 15 assigned at
the bottleneck pomi where produclion capacily 15 more Lhan (wo umes than
hottleneck pomt,

Analyzing productivity capacity of cach time scgment throughout the shift
Suggeshans for implementation based on the outcomes of the study [or improving

productivity,
Assumptions

Continuuus How of material throush the assembly line

Wworker will show the same performance while performing at any workstation, i.e,
ne change n efticiency due to vanation of operation

There 15 no effect on performance due Lo change 1n weather, variation m working
ENVITUNNMENL

Mo ellect of [ligue ol data colleetor in collecting whole day data

(onclusion

Tu orgamese assembly Lype of production successfully, and having unbroken matenial

flow, it 15 necessary to be famhar with performance of worker, as a basis for defining

optimal methods of work, more favorable structure of the operaton 1 question,



machine utihization ratio, warker load, wurker and hourly produoction, To be able to
estahlish a4 optimum asscmbly line, il 18 necessary to have an averall view of atl
warker's label ot skill posses, fatigue [n this study, 1t has been tried to maximize the
ubilizaton of worker's efficiency. By placing worker properly at the workstalion in

asscinbly line, production capacity bas been aimed to be increased,



CHAPTER-II
WORK FATIGUL

2.1 Introduction

Fatigue is a physical and/or mental state caused by over exertion. [t reduces a person's
capabilitics to an extent lhal may impair their strength, speed, rcaction time,
coordination, decision making, o balance A level of fatigue 1s a natural response to
the mental and physical effort of everylhing we de Normally, good quality slecp
reverses the imbalance, allowing the body and the brain to recover. However, wurking
long hours, workimg with inlense mental or physical ellort, or working during some or
all of the natural time for sleep can all cause excessive fatiguc. All of these have
abvious implications tur workplace and public safety Faliguc can also bave longer-
term etfects on health Fatigue is defined as a state of being Lived 11 can be caused by
long hours of work, lang bours ol physical or mental aclivily, inadeguate rest,
cxcessive siress, and combinations ol these factors The signs, symptoms and aftect
fanigue has on workers varics from one person to the next, however latiguc may atfect

the individual worker s ability to perform [2].

Fatigue is (urther defined as when a target force can o longer be generated and
therefore resulting in a gradual fall in maximal lotce “Lhis reduction in maximal force
can be in part dependent on a person’s state of titness, muscle fiber type and compeo-
wilinn, and the tvpe of exercise being performed. The onset of localized muscle futigue
is detrimental Lo praductivity as decreased strength and loss ol precise motor conlrol

can have negative cftects an performance mn terms of speed and quality [1].
2.2 Possible Indicators of Workplace Fatigue

s feeling drowsy/relaxed:
v fecling tired or sleepy, or not feeling refreshed after sleep,
»  blured vision:

o increased rritability,



« finding it ditficult to kecp your cyes open,

« taking morc frequent naps during leisure hours. or falling asleep at wark:
# {inding it hard to concentrate and/or making morc mistakes than usual,

« Cxoosave head nodding or yawning,

= ncreased absenteeistn.

s repeatedly moving off track wlitle driving vehicles and plant: and

B TIQHT [MI%EEY

‘This list iz not exbaustive and the presence of Lhese wdicators does not necessarily
mean that fatigue 1s o msk, Management ol fatisue should not just rely on warkers
recognizing these symptoms, as the symptoms on theit own have been found Lo be
unreligble indicalors of fatipue The cmployer must assess the risk and implement

control measures as required [4]

2.3  Some Possible Performance Impairments

Slowed reactions - physical reaction speed and speed of thought

s |ailurc to respend - 1o stimub. changes in the surroundings, information pronaded

= Incarrecl actions - cither physical or mental

*  Flawed logie and judgment and an inerease 10 memory errars, including
Forgctfulness

=  Decreased vizlance

» Reduced motivation

o Tncreased tendency for risk-taking

2.4  Factors which have an Influence on [atigue

The issue of siress levels in the workplace i1s of growing interest in the field of
pocupalional health  Stress has been defined as a continuous averse situation, the
evasion of which 1s subjectively or objectively important to an individual In
siluations of siress, the individual is not totally o conlrol. In the setfing of a work
enviromaent, the main sources of oceupational stress arc organizational factars (job

demands. rank, etc) and warl hazards, the most common of which are air pollulion,



nolse, vibration, physical and psycho physical stram, visual exertion, and inadequale
working poslure Occupational stress consistently been relaled to Lhe incidence af
psyelosomatic disorders and mental stress  In figore2 10 the factars has been

demomsirated which alfoets the output of worker [G].

Worker Training
demographics
¥ ¥ : I
i smpiieaisy .
Psychological Physical ﬁﬁam%i : Frvironmenlal
p e E i LTI
factors alill Hutianaale - stTess

)

Physical oulpul 1

¥

Figure 2 1 Components Lhat alfect physical output [7]

{a) Shift Work

In terms of work hours, shift work 1» defined as work that starls befure 8 00am and
finishes after 6.00pm A biclogical delinition of shifl work would be any work padern

that causes a change in normal sleep patterns
Shif work (m particular night wark) can be a powerful cause of [atigue when it

o Limils a person's opporlunitics to get adequale stecp
+ Requires them to work in the carly hours ol the marmng, when people arc

norwnaliy al their sleemest and least functional,
(b} Extended YWork Hour

Shuft that last longer than 3 hours arc classed as long or extended. People may work
lang hours on a shor-term basis 10 deal with a major emergeney or an unexpected

situation, or they may work long hours regularly for financial or other reasons. The

-



effects of working long hours depend on how lone the work penods are, are how
ollen they oceur, and at what time ol day Sleep restmiction has clear negative impact
o human performance, It suppresses the immune system, increase appetitc, and
makes the hody increasingly resistant 1o insulin Several nmights of resiricted slecp

create a slecp debt which has elear effects an pertormance,
{¢) Effects Accumulale

The combined cffects of sleep restriction and catended hours of work has a shorl-term
impact on perlormance, and in the long term may affect cardiovascular health . mental

heallh, safety, and productivity
{d) Night Work

All the statement above refers to day work. Working at night has a grealer inpact than
working (he same number of hours in the day time, and the impact s even grealer
when the work hours are extended On average, shill workers lose 1-1.5 hours of
sleep [or each 24-hour perind This build up a sleep debt of & hours afer 4 nights
Waorking more than three or four nights in a row 1s likely 10 causc a sigruficant sleep

debt, with serious consequence (or safety Night-work hours should be limited | 7).

(e) Noise

Lixcessve gxposwie to loud nose can irceversibly damage the ear, resulting in noise-
induced hearing loss *Nuisance’ noise can be annoying and distracting and result in
reduced job performance and salisfaction. Noise way also be unsate 1 it impairs

comununication in the work cnvironment, such as by ovorpowering audilory alarms

{NLighiing

Lighting levels need to be appropriaie to the task and must comply with Aunstralian
Standard 1680, Workie w1 dim or overbrnight work cnviranments can result jo
evestrain. headaches, imtabilily and. inevitably, redoced productivily Light sources,
including the sun, can crcate unwanted reflections, glare and shadows in the
wuorkplace that can cause discomfort and cistraction, and can interfere with the
performance of visual tasks. Low levels of lighting can causc depression, which for

some peaple may be severe

_G.



(g)Ventilation, Air Quality and Thermal Comfort

Ventilation 15 unpontant for the conirol of dust, fumes, gases. acrosols, climale and
thermal cominrt factors Exposure to different types of dust can resull in {ibiosis of
the lung allergic rcactions and asthina attacks, Various vapours, gases and acrosols
have Lhe ability to cause respiratory and skin damage Fxtremes of heat can reduce
coucentration and motivation and cause a number of heat-related illnesses. Fxliemes

ot heal can also reduce tolerance to chemical and noise exposure, and increase the risk

ol heart arlacks.
(h)¥ibration

Whaole body vibration, e ¢ [om riding a mower, can affect comfort and performance
even at low levels and can cause damape to the spine, stomach pam and
gustiointestinal complaints Hand-arm vibrahion, such as from hand tools, can have
ncpative effects on muscles and the skeloton, and can contribute to carpal tunnel

syndrome, low-back pain and vibration white finger, for example
(1) Radiation

Fypasuie Lo ullraviolet radiation from the sun can mduee potchually Jethal skin caucers,
Fuposure lo dircet sun, particelarhy butneen the hours of cleven and two. can result in
sunhurm. headaches and fatiowe Miffzient peeple have varving degrees of senairivity to the
s, c o fair freckled skin ofien bume mare guickly than olive skin. Precautions for mvaiding

sun exposire should be Fullowed diligently by wverybody [9].
{jiLrgonomics

Ergonomics and human [actors have been around for approximately 60 vears, D ing
World War 11 there was a need to desl with cmployee fahgue, stress, injuries. and
pact performance due 1o mismatches between people and technology, unusual work
schedules. and demanding and threatening working conditions Over the ensuing 60
vears ciponomic researchers and practitioner of ergonomics have learned that the best
way to address ergonomic concerns is to take a broad view of the problems
enrountered combined with focused solutions The broad view of a work process and
imprevemants addresses the need to make sure that improvements n one area do not
lcad to problems in another area [t accounts [0 the i1ssues that olten occur elsewhere

in the work system when just a focused approach is used n one arca. This has led to
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the understanding that a bigger view allows the ergomnmics practitioner who 1s trying
to solve a problem to address both the specific problem {the “micre ergonomes™ ), and
1o also deal wuh the ramifications in the entirc work process (the “macro
erunnomics™  Miero ergonomic factors deal with design charactensties of tasks, or
toolsiechnology, or the environmental conditions, or the capacity/knowledge of cach
individual employce 1t addresses the specific ergonomic risk factors in a parncular
task, job ov operation Macro ergonomic factors desl with larger 1ssucs such as the
orpanization of the work process. the coordination of tasks and aclivitics among
emuployces, the supervision of processes and employees, and how people, technology,
(asks and cnvironmental features are integrated Urponomic ymprovements and
intervenhons must account far both levels and their efects on the work system to be

succeasful [¥]

2.5  Fatigue Manapement

The physical aspects of a warkplace environment can have a direct impact on the
produchivity, health and safety, comiort, concentranon, job satisfaction and morale o
the people within it. lmportant factors in the work environment that should be
considerad melude building design and age, workplace layoul, workstation set-up.,
furniure and eguupment design and qualily, space. temperature, ventilation, lightng,
nese. vibratdon, radiation, air quality Crgonomics is the study of the relalionship
between people, the equipment they use and the physical environent in which they
work, Applying crgonomme principles to the design, modification and maintenance of
wonlkplace environments, has a benefit on people’s work performance and short- and
long-term heakth and safely When people are working in situahons that suit ther
physical and mentat abilitics, the correet [t between the person and the work task 18
aceomplished People arc then in the uptimum siuation for learning, working and

achicving, without adverse health consequences, c.g imjury, illness

When assessing the warkplace environment, consideration should be given w
individus! human characteristics such as age, sex, expernience, physical stature etc,
and how well these human characteristics match the physical environment
Appropriate design of workplace environments will ensure that they accommodate a

broad variety of human characicristics The work environment should satisfy the
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physical and mental requisements of the people who work within . The necessary
adjustments Lo the work arca, in terms ol the heights and angles of furnitmc and

equipment. shauld be made {ir the comfort and satety of each person

The four man catesaries al physical charactendtic that need to be considered in the

work cmvironment are’

]

Clearance, e.g. headroom, legroam. clbow-tomn, accoss.
¢ Arm reach, which has a bearing on storage of materials,

o Paosturc, which has a bearing on the location of materials/equipment, beights of

working surfaces,
o Strenglh

Phiysical environmental factors can have an adverse impact on people. The specific
physical [aclors that limit performance will vary depending on bolh the work
environmeni and individual differences Those people whoe are working within an
environment are the ones best able to identify tactors that aflfect thew work Troas
important @ involve these “hands-on” people 1o consullations with supervisors,
munagers and occupatonal heaith and safety personnel when considering options for

contiolling the risks in question

The stressors of monotony, boredom, and memal (aligue arc a progressive sel
beginning with monolony, which has been described as “an enviromment in which
there is either no chanpe or change oceurs in a repetitive and highly predictive fashion
over which the individual has hittte or no control ™ Deterommng factors refated to the
development of boredom and monotony are iraining and uniformily in work
condiniens is especially conducive to the development of boredom, vne study 1n 1914
showed, ihe higher the trainmg level the hugher resulling level of monotony and
boredom experienced resulting from a lack of stimuli, These people belong in design .
functions, which woold supply the required stimuli and challenge to avoid beredom.
Humans require stimulation to perk their intcrest rather than oniformity n working,
procedure wluch is conducive to horedom, however when the stimulation becomes
predictable and uncontrolled humans tend to feel menotony which leads to boredum
also considered an emotional state, the eventualy 15 menial fatigue where staff

simply no longer expresses and interest i performing the task at hand. if the
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environmenial conditian that induced the boredom 15 alloawed 1o continue and the stalf
cxpernenees contmuous exposure adaptalion evolves making the work tolerable but

never cnjoved[7].

Edeally, a predictive model can be gencrated that would abllow job designers to
eslimale when worlkers will reach unsafe lovels of tatigue, This would allow woark 1esl
schedules 1y be croated that prevent fatigue from decreasime produciivity and quality,
andior altow Jobs (o be desigied that do not causc significant fatigue during the

cxpected sheft bensth,

Compaty recogmizes that fatigue s a factor, which may alleel a worker's abiluy (o
perfurm mental and physical tasks All management and supervisory personnel must
be able 1o recopnize and respond to the signs and symploms that might impair the
waorker's pertormance due to fatigue, Traiming will be provided 1o recognize and
respond o fatgue issucs in the field, The (olluwing segments of the fatigue
management syslem are general poidelines. which may be adapted in whole orin part
fur individual compames Each company must determine which aspects are
operationally and  swuciurally leasible for their situation and mplement them

aceordimgly [2].

2.6  Responsibility for Managing Fatigue

I. Management

= T ensure the IMS {l'atigue Management System) is nnplemented throughout the
company

» Provule the necessaiy information about fatigue

» IMrovide instruction and traming

» Communicate cmplover expectations

= Manilor the offects of extended worlk hours

+ Supporl employecs who are cxpenencing concerns with fatipue

= Assist and advise line Supervisors

« Invesligale any problems and/or concerns



» Inspecl the workplace and review FMS with employeess

» Review the 'MS

2, Supervisors

¢ Iinsure all crewmembers understand the FMS

« Conduct salely meetings discussing fatigue and the FMS

« Promote the IMS

» Engure 1asks arc performed in safe and healihy manner

+ Be awaie of the possible nvks assowvated with extended hours and/or
consecuuve days of work

« Give workers as much notice as possible 10 exiended hours are anticipated

« Observe and record how individuals respond 1o extended hours

» Recognize symptems of Tatigue

» (et [eedback from individual crewmembers and the crow as a whole

« Take prompt action if a nisk develops

= Relay informarion to and from management & employees

- Repart any FMVS problems, concerns and/or 1ssues

3. Emplovees

- Actively pamcipate in FMS raining

» Recognize symptoms of laligue

= Prompily report any fatygue related eoncerns

- Reporl any individual medical or personal situanons, witch may have an affect
un [aligue

« I'o get proper rest dunng time off

+ Identify personal stress and seek assistance f required |6

2.7  Conclusion

Worker's physical [atigue 1s common issue in the garment companies Processes af

wirmenl production belong to Lhe 30 called piece-type of production processes
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(assemnbling type). while the work s performed on production lines. mcluding a
number ol technelopical operations  [n garment physical fatiguc grows  from
imcontingnt workplace to work  Insufficient lighting, wentilation. ghorance of
erurmormes consideiation, insulficient space allocation, highly repctitive opcration
leads to grow fatiguc [t s sipmificant to take necessary incasure to remove those

sources of fatisuc where pessible



CHAPTER I

LITERATURE REVIEW

3.1  Intreduction

Production capacity of assembly line not only depends on the capacity of machine,
smoolh tiow of materials through the successive machine but also depends on 1he
capability of warker lrom working long hour, worker becomes tired and can not
perform with his or her maximum efliciency In addition, performance of cach worker
15 1ot same | herefore, assembly line should be designed bascd on the performance of
worker where productivity s triggered by capalnlity machine and worker, There arc
many thesis Tas been conducted to find the effect of fatigue and lound 4 promusing,

1esull
3.2 Historical Background

In ome sludy has been conducted 1o [ind the effect of rest period on hand fabgue and
productiaty, In order to achicve the research objectves, an industrial hand task was
simulated n the ficld. The experimental task consisted of collecting hand strength
measurements and recording the number of drfled scrows. Sixteen study velunteers
were randomby aswigned a number ol one Lthrough sixteen. Uhe participants having
numbers one through eight were assigned to the control group while participants mne
through sixtcen were assigned Lo the experimental group (i.e., eight participants to
each group). Recovery thme was used as the main treatment effcet under the
expenmental condition  bor the purpose of this cxperiment, the participants of the
contrel condition warked without having recovery time (breaks or stretching) versus
the experimential condition parbeipants recerving reenvery time {breaks or stretching).
The expernimental aroup received two, two munute rest perinds, A rest period was
given alter (en minutes of conttnuous diilling and the other was given afice the second
ten munutes of dnlling The contral group receved no rest periods and was required to
dedl tor 20 minutes continuously, Aller 20 minutes of control group and 24 minutes

af cxperunental group including rest perieds of dnlling, post-iest hand strenath
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measurcments werc collecled, The mean number of screws of contral gronp is 157.5
and wean number of screws of cxpenmental group s 1625 The mean hand strenath
of control group is 83 4 pounds and mean strength of experimental is 89.4 pounds
Callected data shows a very significant impact of intermittent 1est period on recovery

of fatiguc and productivity | 2].

Standard processing time of an operation should be enough to cope with the stress of
wark which generaie from envirunment of workplace personal needs and ereonomics
While calculating the standard provessing lime ot operation some cocflicient should
be considered such as lemperaiure, ergonomics. personal allowance, physical latigue
ctc In onc study carried oul W examine the standard tune norm of garmenty
engineering, lhey lound rhat nonnal tine of scwing of a Jength of 52 ¢m 15 153
secemds bt considering the coefficient of other factors the processing time 14 16,7
seconds Tt segrns some tactors directly reguiate the productivity of assembly hine, But
this can not meet with the individual time demand. Physical (atigue thar generare from
bong tme of workimg does not same for cach worker |t depends on physical siamina
of human bemgs If extra time is added to the normal processing tume, the production

capacity reduces and directly tnggered by the individoal capatnlity | 7|

Physical workload slandard for dhifferent task should be cansistent with the ability of
assigned worker, Standard wurkdoad differs from one type of task to another type B
depends on the nature of task Bul excessive workload and improper posture of
waorking icads to musculoskeletal disorder and reduces elTort of worker to work. To
aci pioblem (tom musculoskeletal disorder, ergonomic factors shoutd be considered

while designing the workatation |3

Operaton o garment s highly repentive Every successive operation takes very
shorter duration which leads to generate physical fatigue. ‘Lherelore worker hecomes
tired and feels averse to work, One another thing that in assembly line of gaiment
mdusiries, workers are at the same workstaton which reduces attenlion o womk,
Along with monotony from working al the same workstaiion, highly repetileve work
may directly damage tendons through repeated stretehing and elongalion, as well as
increased likelihood ol latigue and a decrease i the apportunity Tor tissues (o rCCOVET.

Wionkers om repetitive Jobs had more than a fivefold greater risk of developing upper
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extremity cumulative (rauma disorders and fatipue when compared to workers on
lower repelition. low-force jobs onc of the first eflects of working long hours 1s
fatiguc 1t scems miuitively obwvious that working lang hours will make an individual
tred or fatigued Fatigue can be viewed in two ways either by measuring t dircetly
as an cnd in iscil, o1 indivectly n terms of performance or health eflects that are

thought to be associated with fatigue |6]

There are many (aclors thal affecr productsvity such as product and system design,
maching and equipment, skill and offective ness of worker and preduction volume
But the label of skill docs not same Therelore most etfficient worker should he

matlvated to he productive | 1]

From the above discussion, it 1y clear that the label of physical fatisue reduce the
produoctivity of a worker and the label of fatiguc 15 not same for all worker as it is
inggered by the physical abihty of individuals Misplacemen: of worker al the
workstation 1n assembly line reduces the maximum production capacity of an
asscmbly line Sometimes it increase the production cost of produchon This varaton
in the performance of individuals leads to follow a clear cutline while placing worker

al the workstation, As e performance of cach worker 15 not same

S0 biv analyzing the physical ability and overall daily performance ol each worker,
theiwr position al the workplace should be allocated s that they can perform with their

maximum ghility,

3.3 Importance of the Study

For the last decade, increasing global compertition in manufacturing has forced
companies o [ocus oo enhanciny the efliciencies and econoomes of scale i all of
{hei business processes There v a growing trend towards downsizing to decreasce the
labor costs of manufacturmg and assembling products One result of thus trend 15 that
downsized companics arc forced to produce morve using {ewer resources To
compensate for the fower workers, overlime hours worked by industrial hourly

workers have been on a steady inorease for years. Linfortunately, this incrcase in
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phyvsical tatigue can lead to a decrease i the quabty of the produced goods because of
Lthe reduced accuracy of workers’ movements From a research perspeclive, the link
belween latigue and quality has not been adequately investizaled. No guantitative
guldetines exist thal would enable a manufaclurer (o eompare labor costs and quality
cnosts 1o determine the level of labor needed to maximize the tradeoff between
perfoimance of worker and productivity Some investigation has focusced on changes
lh movement time duc to the mass of parts and one apphed study has contemplated
the relabonslup berween [atigue and production eflliciency, however. no usable
mndels have been developed On the other hand, companies gravely need this
wfarmation 1o noide their staffing pricritics Many ¢rvtical business decisicns arg
based on expected cosis and sevenucs of manufactured producis If costs can be
reduced or revenues can be incrcased through better scheduling practices, companies

can achieve @ sigmficant wnerease m prolitatality,

3.4 Conclusion

In conglusion, o compele with the giobal aopen markel. cvery garment company
should set o clear guide hne in examine their productivity regularly  lirom physical
fatigue they are not anly losing production but also increase m the production cost By
studying fatiguc of worker, they can improve Ltheir production capacity. ulibhzation,
line ctficicney It is not only for the shack of improving producteary but also s

important for selection workload of a worker,
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CHAPTER-IV

PRODUCTIVITY ANALYSIS

4.1 Introduction

Productivity may be defined as the ratio between output and input Qutput means the
amount produces or the number of wems produced and inputs arc the wvalious
resources employed. ¢ g, land and bullding. equipment and machinery, materialy,
babors, ete. Therefore. productivity measurement shows how well 4 company is doing
This does not, however, tell anything about why the company 1s performing the way it
15 There are many (actors affect productivily of assembly line such as product and
system design, machine and equipment. skills and effectivencss of the werker,
production velume In the true sense, the productivity can be said as increased 1f more
praducts can be oblamed from the same amount of reseurces Indoor environmental
quality may affect physiological and psychological processes that. in turn. may affoer
petformance of 1asks that may intcracl with other factors ta affeet overall productivity
Lhe ohjeclive of the study is o determine the real capacily of the existing hioc,
improving the productivity of the assembly line, reducing the idie time of work
station. finding a means of comparing output forecasts with actuat outpul at selected
intcivals and Nnding a means of adding resource usage data and associate productivity
10 & meaningful lasluon related to outputs to reduce the details in reports as dara go o

higher-and higher level managers.

4.2  Analvsis of Productivity

to calculate produchivity, utilization, idleness, line efficiency of assembly line, the

following equations ang 1erms has been used.

~20 -



Satn N7 Tl fp S L LR LA

4.2.1 Obseryed Time

Observed fime 15 e Lime require [or a single nperation which 1s collected by using
stop watch, From receiving from previous workstation 1o the delivery to Lhe next
workstanon 1s the observed Lme [or an operaton Observed time an individual

aperation defers [rom une operalion 1o another operalion
4.2.2 Boitleneck Point

A bottlencek 1s defined as ant resource whose capacily is less than the demand placed
upon it A bottleneck point 15 a constraint within the system that hmits the throughput,
1t 15 that point in the manu{actunng process where the flow thins 1o a narrow stream

A bottleneck point may be a machine Scarc of highly skill labor, ar a specialized tool.
Observatioms in indostrics show that mast plants have few botieneck operations, Tf
there 13 no boitlencck point. then cxeess capacity cxists and the system should be

changed to create a bottleneck pomnt,
4.2,3 Productien Capacily

Maxnnum daily production capacity 1§ ihe ratio of available time and cycle nume
Available time means the nme ol the shill. For cxample, if an operation runs for ane
8-hour shift cach day, the available productive inne each day is 28 800 scconds The

daily productian capacuy can be found as (ollows

. . {
sMaximom daily actuat output /= rRRIITI R . . NCRY

.

Where, 7= Available bme, secand

{;= Cycle ume {(sccondunit)
4.2.4 Performance Rating or Efficiency
Performance of worker means how efficiently ¢ worker can do his operation Operator

perfurmance ot elTiciency is the ratio of unuts of work actually produced by warker

and units uf work which could be produced at standard performance

-2 -



¥

Performance rating or efficicncy=n, ==+ 1W0il% . . . I £y
[} fj
&

7, — Merlormance raling ur efficiency ol worker

K=A08B.C . . [

# = Unus of work actually produced by worker

£, = Units of worlks which could be produced at standuard perlimmance

4.2.5 Utidizaticn and ldlencss

Utilization means the productive time of the available time of a cycle At the non
bottleneck pount, the productive time s less than the cyele ime and some portion of
the cyele Lime 15 not used. Waiting line formulas generally require an amval rate or
the number ol unils per period  Assuming number of workstation in the assembly hne

15 0, The productive Lime ol each workslation 18 cxpressed as follows
O T N

The relationship between productive time and eyele time C s piven as follows
T, =C

2.1
Utilization (%) =<2—100% .. .. . . . VRV £: 3¢ )
e

77 = Productive nme of each workslation. second

A = Total line capacily, second

#= Number of workstation

o= Cycle time. sccond

Idleness s the partion of available time which remains unproductive, At the nen

bouleneck point. time requires for an operalion is less than battleneck pomt and



remains dle This 1z alse called balance delay. Fdieness of worker reduce maximuom

utthzatiom of avarlable time

dle-1)

ldleness (%Y= S 100% .. .. . . . . . N - {44
He

4.2.6 Line Efficiency

In conlrast of balance delay, there iz another equation which is designed o ndicale
how elfectively the Tue 1s used 10 term of line capacily. This s called hine efliciency
Ling efficicncy 1s the ratio of average productive time of each waorkstation and total
I capacity and expressed through the following equation,

"

27,

Line efficiency, F (%)= 1009 .. .. . o . o . .. {43
e

[14]

4.2.7  Line batancing

Line halancing is a manval planning and scheduling technique and similar in nature ta
malerial 1csource planninge  §t is most appropnate for asscmbly ling operations
mvelving a number of distinel components In essence. w employs the prineiple of
management by cxception through a companson of progress of  mdividoal
components with the time schedule for cumpleted assembhes Regular progress
checks reveal the furure effect ol any currenl delays and indicale the degree of
urgency for correetive achion Fane balancing 18 not directly concemed wath the
resources cxpanded but it is utilize in determining production progress in terms of
pereent tasks completion Major bottleneck in the production 1s emphasized, The
ohjective of this technmigue 18 10 study the progress of job at regular intervals, to
compare progress on cach operation with the progress to satisfy the eventual delivery

requiretment, and to identify those operations in which progress 1s unsalislaciory

77, = Larget ine efficiency

1

-2
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Cenler line (€21 TTTTT L L e {<.6)
A
2.7,
Upper control Tomt ({7 y =221 e AT (3
"y,
2.7,
Lower control Imit (LCR=2x S = UCH i . e )
i
i . £,
Theoretical mimumum number of workstation, . =[—S].... ... NER

[14].

4.3 Conclusion

Productivity tmprovement (s the main vision of any company to mereasc the profu
margin By using the formulas explained above, cyele time can be reduced and
productivity can be mmproved lar light work, efhciency of assembly line should be
85% or more than 85% This study anns to improve the existing production capacity
ol the assembly line and to form a set of puide line [ov garments industrics by
improving cyele tme and line efficiency by using skilled wurker at more time

consuming workstation
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CHAPTER-V

FATIGUE STUDY

5.1 Introduction

Manufacturers follow assembly’ line/ thronghput manufacluring syslem Dccause of
labor intensive. skl based industry it is absalute necessaly to have eMicient
asscbly/ ling production system, n this case outpud of one process become the nput
of other process and delay in any ane operation will result i1 loss al putput down the
linc {or all the operatons Higher difference n skill level of the operatars, heavy
absentccismt and high labor turnover rate has tumed nicely plan lines n 1o
unpredicluble, melficient production systems, These will lead to decreased machine
productivity and the system efficency, increased throughput time and W1P level,
increased delivery time and production cost and whal not ta make the business

unviable and mefficient | 10]

Throughout the whaole shifr, no worker can perform his or her opnimum efficicncy as
they become tired duc to physical fatisue. Performance of worker is not only an
mherent abilty but alse a matter of physical staming As level of physical stamina of
cach worker 18 not same, theretore placing worker with higher stamiug loss due to
fatigue van be reduced The main objectives ol the study are to determine the trends off
fatigue, entifying the point from when fangue prows up amang the watker,
investigating the Tevel of individual skill, wdenufying the most etficient worker.

obtaining an evaluation standard for order recciving planning

3.2 Investigation of Fatigue Loss

To produce praducts. manufacturing processes are divided inte several workers and
each worker carries out the same work atlotled to him/her in a short period of time, Ta
incrcase efficiency of production line and check wealher asscinbly line working with
its oplimum palonnance or not, performance of workers are raled. This is called the

ranng of warker, The rating of worker heips 1o achieve simphification, specialization
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and standardization for rationalization ta Increase in production. A method ta allot the
warkload evenly to each worker so that products arc produced at a consistent speed 15
called “flow production system ™" To successfully carry oot the flow production
system. synchronization in the rating of workers is necessary (o create the siluation
where required goods are provided at required time by required quantity o calculale
the performance rating of worker o1 elTiciency and loss due fathgue, the following

ciquations has been used.

Perlormance ar efficiency has been discussed in the previous chapter 1o caleulute the
Ioss duc to fatigue, two terms has been considered, Thase arc maximum production

capacily and actual production capacity.

Maximum production capacity is the mmmber of unit would have produce it there is no
fatigue We knunw that at the beginuing ol the day worker can not work with their
maximum perlfornmance due to a4 physical rigidity, but it reduce with time and increase
performance, Afler sometime, from becoming tiredness their perlormance stars to
reduce, Throughout the whole shifl. atler geiting nid from rigidity, worker shows the
maximum performance. Considermg no fatigue. the maximum productian capacity

his been calculated of the shift,

Actual produciton capacity 1s the amount of work which has produced actually, I'rom
the observed time of worker, dividing avaifable time by vyele time the actual number
of unit hay been caleulated Produclivity loss due to physical latigue does not depend
on cach workstation but it depends on the worker at the botleneck point, Thersfare. in
this study, Joss due 10 fatigue has been caleulated based on the loss of worker at the
bottleneck point aller egch weration
JIJ‘
Perloomanee rating or clficiency i, = fT“w 0= . .5 h
A

+j. = Performance rating or elliciency of worker

K=A8B0C...... . L

P = Average unils of work actually produced by worker
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P, — Umts of works which could be produced al siandard perlormance |14

Number of unil loss= MMaximuim production capacity without considering no fatiguc
of worker at bottleneck peint — Uniis of work actually produced by waorker
Number of unil logs =8 -4 . .. . . . . S {5.2)

L j)- _I} - .
[ oy due Lo latgue f“/infl=—""P < x100% . . e e (R3)

-«

£ - Maximum prodoction capacily withouw! considering un (aligee ol worker at
m

botleneck polnl

# = Actually number of unit produced by worker,

5.3 Conclusion

Due to long time working worker bacomes tired and loss their performance. It s
traponant for any garments industry to minimize their loose which comes from long
ume working of warker This study aims to analysis the productivity loss and o

developing a frame work o analysis the productivity loss due to fatizue
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CHAPTER-V

PRODUCTIVITY AND WORK FATIGUE

6.1 Introduction

While desigrning position of worker at workstation, 1t should be kept in mind about
reducing the bottleneck processing time as much as possible Migher efficient worlie
lake less time to complete an operation than other il a less eflicient waorker is placed
at the bottlencck pownt, 1t 15 not wise for umproving productivity. utihization,
nunmising loss due to latigue Hence to umprove produclivily, most eflicient worler
should be placed al the boilleneck point. Therefore, overall daily efthciency should be
considered when reduction o cycle time is thought But the label of overall
performance does not remain constant throughout the whele shitt ‘The variation of
perlormance of worker and fatiguc reaulis a redoction of productivity Dot i is
necessary to improve the existing production capacity of assembly line for cach

aarmont compaty. By using proper optimization technique this can be done.
6.2 Optimization Techniques

There are several optimuzation technique are vsed, such as liner programming,
network optimization model, transportation and assignment inedel, genetic algorithm
et¢ Lach optimization maodel 15 sutable for some distinctive situation A brief about

those models 15 cited below
2.1 Linewr Progromming

Linear prowramming is & mathemalical modeling technigque designed 1o oplimize the
usage of hmited resources 1o hinear prugranuwning, there are two lypes ol akjeclive
(unctions, One is maximization and another is mininmuzation Generally, problem s
considered as maximization when the aim of the obhjective function 1s to merease the
pralit and when the aim of the objcetive functien 1s to reduce the cost then 1toas

considered as mnumization problem Both cases help to improve the profit lincar
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programmuing hay three basic clements Such as decision vaniable, objective Hunction
and constraints The elemcent, decision variable 1s wiich scck to delermine, objective

function 18 which 1» wmed to optimize and constraints is that 15 need to satisfy [12],

Linear programming helps 16 dotermine the mest teasible solution from infinuee
solution This medel is not applicable when characreristic of the resource s
distinctive. In this study. the efficiency of the workers 15 distinctive i e, there 15 no
way 10 use a pomon of the efficicncy of worker In assembly line, worker will be
must woeking wath their performance As the decision variable of the study is the
perfurmance 15 known and there 13 no way to use any {raction of the warker's

elliciency, tlus oplirmization techmaque 1s not applicable.

8.2.2 Network Optimization Model

There 15 a multimode of opcrations reseaich siluations that can be convenicntly
modeled and solved as networks (nodes connccted by hianches) In nelwork
optimization model, there are many paths to reach at the destination fiom the starting
pownt Vo minimize the length of road, mpehne, deteremine the time schedule, this
model 15 used ‘the solution of those siuations, and others hike 1, 15 accomplished
through a variely of network opumization algonthms  There are five types of
algotithm 10 sobve the network models The modcls are minimum spanning tree,
sharest rowe algorithm, mmaximum  flow  algonthm, minimum-cost capacitated

network and critical path algonithm [L3],

In assembly linc. the dircclion ol material tlow 1s distinctive and it can be siolated
because of the sequence of operation Moreover, every operation must be carried out
on the material for completion In network optimization model, there are many paths
to tollow and somelimes thete hus a provision to skip any path. [n network
optimization model. the provasion of skippung any path and provision of follow a

predetermined in assembly hoe mnpedes to apply m the prablem
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6.2.3  Trawsporiation Moidef

The transportation model 12 a special class of liner pragramming problem 1t deals
with the situation in which a commoediiy i1s shipped from recourse to the destinations
‘IThe ohjcctive 15 to dotcrmune the amount of shipped from cach source to cach
destination that munmize the total shipping cost while satisfying both the supplv
linuts and the demand regumrements The model assumes that the shippmg cost on g
grven route direcly proponional 1o the nomber of units shipped on that route In
transportation model there 18 & provision te follow any path Lo reach (rom source 1o

destunation {13]

I assembly line preduction system theic is a distinctive path to follow and there is na
privaision ol skipping any operation for the shack of completing a fimsh product
Sequence ol oparaton must have to be maintained For tlus reason transpartation

madel is not applicable in this situation

6.2.4  Assigrment Model

The assignment problem is a special type of line programming problem where
assipnees are being assigned to perform lask, In assignment problem. number of
weorker and number of task should be same and one worker should pertorm only one

opcration. Transportation model is used to memmize the total cost

In garment operatiom, there is a svariety of operation and number ol worker and
number of operation can nod be kept same Lo meel with the smoolh flow ol matenals
through the line Tt 15 not important to minimize the cost ol each operation in terms of
time of a assembly lme to improve productivity  Becsuse production capacity of
azscrubly line docs not depends on several paints but depends on the bottleneck pomnt

Therefore this type of model is not seitable far this situation.

8.2.5 (Genetic Algorithm

Genetic algeritluns provide a third type of methaheuristic that 15 quite dilTerent from

the first two This type tends to be partieutarly eflective at exploning various parts of
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the feasible region and gracdoally evolving towards the best feasible solution [n
genetic algorithm g new trial feasible trial sulubons affest the next leasible sotution
Human performance dilters from one person to another person and has no impact on
ather In garment, as there s a assembly line produchion system and there 1s not

impact of anc warker to ather Lhis type of algorithm is not appheable[12]

As those above medel impede (o be ulibized in that situaton, the bllowing model (s
developed o optinuize the existing praductivity of the assembly line 'Lhe model is

developed based oo the overall darly performance of each worker,

6.3 Description of the Proposed Approach

Mue 1o the physical fatigue of worker, perlormance of worker change with Ling and
the label of performance of each worker do not remain same To oplmize production

capacity of the existing line the [ollowing steps has been followed

Step-1

By using stop watch. the obscrved processing time of each operation has been
collecled, Then the average of the observed processing tme of cach time scpment 18
calculated dividing sum of total obscrved Lime of a time segment by number of data
collected In thie study, frequency of data collection at each bme segment s six
Therefore. average piocessing nme of a cperation has been found, Standard

processing time ol each aperaton is collected from the work study department

Step-2

After cullecting average processing time of each operation of each time scement, the
pertormance of individual worker has been calculated by dividing average processing
time by standard precessing tune of their operation, Standard processing time of cach

operation 1s different which 1s designed based on the length of operation



Slep-3

MNext slep s assigming worker candomly at different workstahon without considermg
their level of performance As in another situation and while designing a new
assembly Tine, the optimum placement of worker is unknown and unprediciable, for
this reason, whiie placing worker at Lheir workstation assigning of waorker should be
random betore iteranom Number of worker at each workstation should be counted
based on the standard time of the corresponding operation. Tn this thesis, number of
warler 13 counted depending on the number of worker of existing assembly ling in

cach worksialion,

Slep-4

Frocessing time of every workstation 15 not same and i defer fram one woikstation
because of their lenglh of sewing seam and nalure of operation Among Lhose
workstafion. the workstation has been identificd which takes maxmum time for a

single aperation of the correspunding workstation which 1s lermed as bottleneck paint

Slep-5

Overall elficieney of the worker at bouleneck point has been compared with other
worker of the asscmbly line. IT the efficiency of the worker who s placed at the
botlleneck ponnt is less than any other worker then the most efficient worker has been
replaced at the bottlencck point and the bottlencck point worker has been replaced to

the replaced waorker position

Sftp—ﬁ

Agan the new battlencck point has heen wdentified and the efliciency of the worker at
bottleneck pumnt has been compared with other worker If the efficiency of the bollle
neck waorker 1s less than any worker, more efficient worker is placed al the new bottle
neck pont again But af this itcralion increases the processing tunc than previous
position of worker, then stap. This iteration has been continued until eMicient worker

is placed al the bottleneck point
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Step-T

Ad this step, a new bottlencck point is identified which takes less processing time than
all previous siluatumn The production capacily of each workstation of each lime

scgment has been calculated based on processing time of bottlencck point

Siep-8

Unnecessury worker inerease the production cost and the worker has no contribution
1 improving production capacily. Therctone inefficient worker has been released if
production capacity of a workstalion is 1wo times or more than two times than
hottleneck pownt and more Lhan one worker i assigned al the workstation That will

help to reduce unnecessary workforee and cost of production

Step-2

Now production capacity, loss due fo [atigue, line otlization, idleness, and line

cfficiency has been calculared,

6.4 Conclusion

The above steps will help to gencrate an cfficient assembly line and will increase
production capacity Morcaver, this model is a unique where traditional optunization
models are not suitable to be cmployed Not only production capacity, this model wall

help 1o improve wlilization of assembly line and efficiency.



CHAPTER-VII

CASE STUDY

7.1  Introduction

In Bangladesh. there arc numerous mumber of garment factones A major par of
[oreign curtency comes from this sector But every company 15 not so encouraged to
provide the permission to visit their company Because of thair mternal weakness,
they feel it threatening for themsclves to give permission, But 1t 15 not wise {or the
shake of 1mproving their existing production capacity by studying thew resources The
company under consideration, localed al Kashimpur, Gazipur. 15 a big garments
organization, having partial vertical miegration This project aims Lo analyze worker
faticuc and subscguently suggesting appropnate technigues, and providing guidelines

as 1 how to approach implementanon

7.2 Location

Jinnat Fashions Limited, under this study s situated at Shardagany, Kashimpur on

Gazipur in Banoladesh,

7.3 Description of the Company

Dnnal Fashions Limited-01 established in December 2005 and Jinnat Fashions
Limited-02 in may 20000t 15 a 100% cxporl criented garments manufacturing
company willl a mssion 1o be best export in providing from the Bangladesh to our
valued costomers around the world  Jinnat lashions Limaed has concentrated all 1073
strength and resources 1n developing and producing a wide range ol quality garmnents
for the mtemational markel, Management belicves on professionalism and ensure
hard working and sound man 18 committed to deliver quality garments to its cuslamer

well 0 time, 1t has capatnlity 1o handle substantial volume of orders with reasonable



nme, This company 15 committed to produce hugh quality. sophisticated products and

continuosly Lty Lo maprove in gqualily management with every year to come

Tlug factory adheres 1o all of major merchandising as per local & abroad, factony
cerilication aud labor compliances as per local law or buver reguirements
Nmost impornance has been given 1o production layout and the gquality control
department, which gives 100%% quality assurance weth inventory check. in-line
mspection & final inspection belore final iub]ueuLi(;n £ shipment by Ruver, hinnat
Fashions [imited 15 ome ol the leading garment laciory in Bangladesh where we
providing Tocal Taw facilities, diming fachties, prayver room & medical facilities for
workers on time. Even thelr factory 1s giving a wonderful circumstance facility for

worker Also Lhey are providing some (acilities for Buyer / represeniative
7.4 Company Prohle
Name of ithe Company: Jinnal Fashions Limiled.
Address: Shardagang, Kashimipur, Gazipur, Bangladesh

Key persans: | M A Jabbar
Managing Director
2 M A Kader Anue
Operation Dieclo
3 Hassan lmam

Prodiehion Threclor

Y ear of Kstablishment: Jinnat Fashions Lunited-01, December 2005
Jinnat Fashunns Limited-02, May 2006
Banker Name: Tslamu Bank, Fxim Bank

Bangladesh

Employees: Slafl* 54



Culting' 35
Scwing' 540
Finishing 30

Total Machinary: Cutting: CNC cutter { Gerber)-2
Sowing 340
Vinushing 30

Toal: 572

Production Capacity: 24500 PCS per day

Business type: Manulacturer and Exporter

Annual Sules Range: USE 1.6 Milhon - 1753 1 8 Million

Geographic Markeis: Wortd wide

7.3 Factory Specification

Jinnat lashions Limited is a four storicd building bot only second and third lioor aie
under of linnat Fashaons Lamited, Jimnat Fashons Limited-01 1: situated on secand
Noor and Jimat Fashons Lomied on third Hloor, Culting section Jor two floars are
siluated on second floor, Raw materiat and finished product are stored in store,
Second and third floor are allotted for sewing section, fimshing, section Tineshing

section of each floor are situated separately on second and third {loor. At the end of

cach assecmbly ling, there has a quality control department

Lhere arc two permancnt doctors for fiest treatmcnt. All tvpes medicine for arc
provided without aby payment if any worker get accident while doing his dury
Compliance department 15 very strong and aware looking for worleer mlerest and

problem There 15 child care center o Jook after kid of worker,



1t trics 1o meet ali [ire code regulations Salary payment date is 8" on every month It
provides free factory unilirm to workers It has [ve wash rooms [or workers in

lactory Noors,

7.6 Producis Description

Junac Fashions Limited produces men’s. ladies and children’s wear The garment
predoces T-shirt, Pique Polo shim, Auto stripe. Long sleeve Tuttle neck shirt, Shorts,
Tank top, ¥est ctc for men’s, children’s, ladies Knitted night dress, Sweet shirt. Roll

neck T-shirt cic.

7.7 Deseription of Operations and Processes of a T- Shirt

There are twelve uperation are carried out on a T- shirt Fach operation is performed
al ditferent workstation All matenial handling 15 carried out by helper No conveyor
or belt is wsed lor transportanon material from one worksiation to another

workstation, Description of those operations is staied at below,
771 Shoulder Join Righi Side

Thiz 15 the first operation of & ‘T-shirt carried out on the night side of shoulder Over
lock machine is used for this operation Fronl part and back part of the right side ol

shoulder s attached by this operation In (igure7. 1, 2 1s the location of the operation

102 Size Label Attach at L.elt Seam

I'his is the seeond operation of T-shirt. It is a very smali operaton Label 15 a small
part which contams some wnformation about the size of a T-shirt, Tabel is just
attached at left side of the seam, Label is collected from store department There 1y no
preceding task on the label in assembly line, Plain machine 15 used ton this operation

In figure 7.1.2 indicates the tocation of this operation
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TL3 0 Neck Bunding

Vhis operabion 1s carned out on the top part of T-shirt. The edge ot the neck is closed
with bingding so that any thread can not be loosed out, Tnterlock machine is vsed o
thiy operation For bimding, a different natrow part is used and {iskd over the open neck

[n figure 7 1, 3 indicates the locanan of the aperation

T.7.4  Meck Close

‘Thiz operalion is carried out aller neck binding, To close the ends of neck, this
operation 15 pertormed  Plin machine 15 used for this operation "This operation

Figures the throat as a round Lo figure 7 1.4 indicates the location the operation

7.7.5  Shoulder Join Lelt side

This aperaton 15 alike of shoulder jomm nght side Afier carrying out neck close
apcration, this operation is dene But this opcralion is done on the lell side al
stiulder The lrant and back parl of shoulder 15 altached by this operation, Like
showbder join night side, over lock machine 15 used In figure 7,15 indicates the

location ol the operation.

T.7.6  Sleeve Hem

Thete 15 no previous operation of the operation i the assembly hne, Both nght and
lefi part of hand comes ftom the culling section The end ol the buth left and righl
hand is [0ld by the opaation Interlock maclune is used for this operation, In lgure

7. b6 mdicales Lhe Tocanon of this operation

T Sleeve Join

This operation 15 done on both hand sides The input for this operation comes from
1wo previous workstations The previous operations are shoulder join left side and

sleeve hemn This operation is carried oul w allach both hands with the body of [ -shurt
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Ovetlock type machine 15 used [or this operation In figure?. 1,7 indicates the lncalion

of the operation
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Figure 7.1: Location of operahion on & T-srt

T.7.8  Side Seam

This operalion closes both side of the body The scam length of the operation is
preater than other previous operation, The whole body gets as a round [rom this

aperation Overlock machine 1s used [or this operanen. Tn figure7 1.8 indicatcs the

locahon of the aperanon,

7.7.0  Slepve Opening Close

I'hus operation is very small carried out on the sleeve to close the opening after side

seam aperation This operation is done to ensure a strong end ol the sleeve Plam
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machine is used [or this eperation. On both [cfl and right side the operahan is dane In

figure? 1.% indicates the locauion of the operanon,

7.7.10 Main Label Attach at Back Neck Center

This eperation 15 alike of size label attach al lell seam but 11 15 carned out on the
center of back neck MNo previcus operation is done on ihe label 10 the assembly line
The label comes from store Main label containg some data about the T-shurt In

(eered 4, 10 shows the tocation of the aperation

7.7.11  Bottom Hem

This operation s done on the botlom side of the main body. Ta closc the end of the
body, this operation 1s camed out The edge of the bottom part is {obd and sewing
aperalion 1y done along the told, This operation ensures any losing cut of threads from
the body part Interleck machine 15 used for this operation In figure 7 1,11 indicates

the tocation of the operation

T.7.12 MNeck and Sleeve Opening Chap Tack

This 15 final aperation of a ‘l-shurm “Lhis operation is carried oul on the sleeve and
necle This opeiation cnsures a strong end of neck and sleeve The outer part of the
edae Is attached by falding Plain machine is used for this operation 1n hgure? 1,12

indicates the lecations of the aoperation
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Tuhle 7.1, Name of operabung carnied oul on a Lypeal T-shirt

EFut! Name

Serial no | Abbreviation Fuell Name Serial nu | Abbreviation
Shonlder foin Kigh
1 Shly cide 7 sl Sleeve loin
2 S1me Label attach an
SLA Lell Scuimn 8 a5 Side Seam
3 Sleeye Opening
Wk Keck Binding Y 500 Close
dian Label
4 NC Mook Closs [+ MILA Anacl al Back
Mool Center
3 Shonlder Todn leh
shlL Sude Ll BH Uorranm Hem
Mook & Sleee
i SLH Slzewve Hom 12 N&HOCT Cpeung Chyp
Cnck
is shown

The scquence of aperation of figure?, | and Lhe meaning of the abbreviation

in 1able 7.

1
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Figure 7 3° Process flow chart of a T-shirt assembly line scwing section
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7.8 Conclusion

In garment asscmbly linc. there is a constraint of preceding task The sequence of
operation 18 suictly maimtained. ‘There is no change to skip or viclate any scquence of
operation At workstation 1, raw material comes from the store department and
sucoessive operation s carricd out at distmct workstation At worlestation 6, the raw
material comes from the store department. Wo previous operation 1s carned out of the
operation Theee is no conveyor or belt to transport matenal from one workstaiim Lo
annther workstation Llelpers arc assighed w shift to the forward workslanon irom
previous warkstation afler compleiing operation, Afier carnded out operation at
workstation 12, finish product 1s transferred to quality department 1o check quality 11
there requited any rework on any part of finish body, full body s taken to the rght

workstation to perform uperabion thal deserve lor rework



CHAPTER-VII

ANALYTIC VIEW

8.1 Iniroduciion

By utilizing maximum performance of worker at the pssembly line, the productivity
status of an assembly line car be improved, [n an assembiy line, optitnum utilization
warker cfTort should be ensured. There has no meaning to assign cfficient worker at 8
less time requiring workstation but the worker should be assigned 21 more or most

lime requiring worksiation,

8.2  Trend of Productivity with Time

The average production capacily does nol remnin constant with time interval. The

trend of productivity 15 explained in figureB 1,
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Figure 8.1: Trends of productivity with time imerval
From annexure-iii, a1 very beginning of the day, the production capacity per 20

minutes is 110 units, But it is reduced with time intervel, The maximum production

capacity can be fuund at 9.20- 9.40 time seyment. At this time segment, the average
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production capacily 18 107 umis Due to physical fatiguc of worker. this trend is

reduced to 90 units at 12 40-1.00 time scament

llavine a brecak for onc hour, the performance of workers i1y increased and
productivity 15 also (nereased, At 2,00-2.20 tune segment, Lhe average production
capacity of the assembly hine 1s 92 units This wcrease conlinues [or 2 40-3 00 time
sgament then 1t 15 reduced azain At 2,40-3 00 time segment. the production capacity

ol the azssombly ling is 96 units

Continuing the reduction of productisily, at 4 40-5.00 time segment, the production

capacity per twenty 15 reduced to 83 umts

trom the above trend ol average productivity, it s clear that due to physical fatizue,
the production capacity does nol remain consiani and this reduction 15 a very
significant amount. At the begiuing of the silt, the production capacily per twenty

minute was 130 umts but 1t 15 reduced Lo 83 units at the cnd of the shift
8.3 Productivity Analysis

In twelve workstalions the operation are carned out. Location of operation has been
demonstrated 1w {igure 7 1. 'The process flow chart shows Lhe conscquent operation
and activity of a typical, The transporlation 18 carricd out by worker, no conveyaor o
belt has been used in the workstation for transportanon of raw matenials Process [low

chart of agsembly hne is shown in figured.d

At stanting pointl. full body pant of & T-shirt i3 entered and successive operations are
carvied oul at different workstation Transporiation of cach part 15 carned out by hand
No automatic conveyor or bell 18 used in the assembly fine, Al workstation number O,

eperation sleeve hem is carred oul on two sleeves

Al worksiation number 7. two sleeves [fom workstation 6 are attached with the body
part which comes fram workstation number 5 Then another sequence of aperatiens

arc performed on the T-shirt Afier neck & sleeve apening chap tack opcratton, a



finished °I" shirt 35 found. The standard processing time of thosc operations is shown in

table 8.1,
I'abte B.1: Sequence ol operation. position of worker at exasting line & standard

processing time of each operation
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Collecting data of cach operat

worker st cach time segmenl is explained in annexurc-i, Basced on the avemge

calculated to find the efficiency of each worker, Average processing time of each
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Processing Lme o

-

efficiency of each worker is calculated, Overalt performance of cach worker of each

.48 .



time scgment is cxplained in annexure-ii. ln Ggure 8.2, the overall efficiency of
worker 15 demeonstrated

From table 8.1, nt seems that stundard processing time of operation side scam is
maximum and the standard processing time s 37.20 second  Shoulder join right side
and shoulder jean lefll side has same standard processing time The  standard

processing ume ol operation shoulder join is 8 40 sccond per operation

In workstation 7. three workers are assigned at the workstation to meet with the
smoeoth flow of matcnals through the assembly hine In workstation 8, maxunum
mimber of workers 15 assigned at the station Four workers arc assigned at the station
Workstation 9 15 cecupled with three workers At other worlestations, onc worker is

assigned at each stabion,

Overall efliciency ol worker that demonstraled in figure 8 2 is caloulated using
equaticn (5. 1) and actual production capacity of cach worker is collected from table
8.2 Slandard prodoction capacity [or each operation is explained in tlableB |

Perlormance of each warker with time interval is explained in annexure-in.
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From figure % 2, 1t scoms that cfﬁci-énc:}:n.f warker differ from one person to another
person with a great difference. Among eighteen workers, performance of worker Gz s
maximum and the value of perlormance ol the worker is 102 20% On the other hand.
the mummum efficiency 15 63.274% of worker ¢ The next maximum cfficicncy is
89.48% which s belongs to worker D “Lhe next lower efficiency 15 65, 85% that can
be {ound om worker A Those cfficiency has been caleulaled depending the aveiage

ume and standard tune of ther operanon,

To improve productivity. maost efficient worker should be placed al the bottlencck
pont. As ellicien worker can do any operation faster than other worker, therefore a
reduction on processing ime can be obtained by placing move efficient worker at the
kollencck peint. Garment compames always desire 1o reduce their processing time at
the borlencck pownt but they don’t pay any attention on the overall performance of

worker even 1 i 15 noCESsary to pay attention,

Among other worker, worker Hz can perfurm with a 87 65%. In addition, Worker 1)
and 13 can perlorm with 75 39% and 80.65% respecnvely The performance of waorker
B, H, amd L is 7% 72%. 81 38% and 75 295 respectively lhere 1s a remarkable
dillerence betweon worker Gz amd € v their performance  lhe difference of

performance hetween (37 and € 1s 38 93%.

There 15 a little difference in the performance of worker O and H, The perfonmance
ot worker Gy is 85 71% and the performance of worker Hy iz 86.40% ‘lhe
performance of warker T and K are 67.03% and 70 99% respechively  But this
dilference seems very significant when improving productivity 1s @ major vision of
garinent industrics.

‘table 8 3 is calculated based on Lhe efficiency of worker and standard processing ime
of Lhe corresponding operation, By dividing standard processing time ol each
vperabon with the performance of indovidual worker, average processing time of the

operations for individuals has been caleulated

11 seems that higher cfficient worker fakes less time to do a operalion Lban less

efficient wonker The cfficiency of worker Gz is maximum and takes 822 second
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where worker € takes 13 28 second 1o complete a shoulder joun on the right side. Like
this, waorker U whose efficiency is 89 48% and takes 16,76 second to complete a neck
and slceve apening chap tack operatinn On Lhe olher hand, a less efficient workerl;

lale 19 90 second W complete a same operabion.

To complete a neck binding operation, worker Gy take 10.50 second but worker L
takes 11,95 second, This dilterence 1s not seen only tor (& and T. but alse 1t 1w appear
tor each waorker. This difference cntices to design posttion of warker praperly for the

shiake of improving produoctivity

Daly of table 8 3 prescribe wy assign more eflicient worker al the warkstation which
has maxnmum processing time, By placing more efficient worlcer, the processing time

cun be reduced,
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8.2.1 FExisting Assembly Line

Productivity loss, dmly production capacity of assembly line depends on the
performance of the worker wha is placed at the bottleneck ponm, S0 1 is not impanam
1o compute the production capacity of other worker rather than botlleneck poinl,
Moreover, by minimizing unnecessary labor force from assembly line, productian
cosl can be minimized, Therefore, unnecessary labor force should be mimmized if
possible. If production capacity of any workstation is more than two times than
production capacity of bonleneck point, inelficient worker should be removed from

the workstation as hefshe has no role to improve productivity.
8.2.0.1 Daily Production Capacity

Table §.4 shows key outcomes of exisling assembly line. Annexure-i shows average
timg requires for an operation at each workstation. Workstation 10 takes maximum
lime o complete an operation main label attach at back neck, Average processing
time of battleneck point of existing assembly lineg is 23,37 second which is the cycle

time of the hine, The available time of the shift is 8 hours, Therefare,

. r .
Daly acteal outpul 2 = A units

Where, 7= Avrilable time, second
(’= Cycle time {secondfunit)

» 3600

25.37
=1135 units

Naily Producnion Cepacily=

Tabie8.4: Key outcomes of existing assembly fine.
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82142 Urifization and dfeness

From annexuie-iv, sum of the toral produchve time of each workstation of the
assembly Tine in one cyele is 164.84 second and sum of the avalable time ol each
worlestanon of the assembly hine 15 304,40 second

2/

Utelization (%) = <=— » 100%
e

164 84
304 40

# 100 %

~54.15%

From annexure-iv, total idle time of 4 cyele is §39 60 sccond and capacity of the line

1% 304 40 second T herefore the idlenesq of the line is

S e-T)
i=l

ldleness (%) =———— = 100%
He
139 60
ldieness (%) = ———x 100
30440
= 45 85%
T
LNy
s E:
Idleness %§§ﬂ 2
%, 45.85 el Utilization
St on 5415
e z%%?jv
s

Figure 8.3; Utilization and 1dleness of existing assembly line
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82 1.3 Linc Efficiency

From table 8 4. average processing time of workstations 15 13.74 second and the cycle

fine or boltleneck processing time is 25 37 second,

n

> fe=1)

[ine ellictency. E(%) =<———> 100%
e
. - 13
Linc cfticiency, E(%) = 374 #1100
2537
=54 15%

lo improve produciivily of assembly line, weration 1 applied based on their overall
daily efficicncy LCighteen workers are placed in different workstation randemly as i

is possible to predict which position of worker will provide optimum productivily

Number of worker at difterent workstation has been counted based on the number of

worker of the existing assembly line Position of cach worker 1s explainted in table § 6

Three workers are placed in worksiation 7 and four workers are assigned in
workstation ¥ to meet with the throughpul of previous workstation Two workers are
assigned 1n workstation in workstation @ In oiher workslations, onc worker 15 placed

0 each workslaunn

hunally. workstation 12 where neck & sleeve opening chap tack eperation carned out
is the bottleneck pomt of developed asscmbly ling Average processing time of
botticneck puint is 22 37 second and officicney of Worker J who working at this
workstation 13 67 03 % Worker Gp whose efficency is 102.20% and maxioum

working al workstation 8

Al wterafion-1, worker J 1s transferred {rom woikstation 12 to workstation § and
worker Ga 1s transferred (fom worksiation 8 to workstanon 12 because the cfficiency
of worker Gy 1y the maximum among eighleen workers  Lhe bottleneck point s

transforred from workstation 12 o workstation 10

_ 57



AL teration-2, worker G s transfeired from warlsstation 12 1o workslation 10 and
worker 1Y whose overall elTicicacy 15 89 48% 1» traus(erred from warkstaton 10 10
workstation 12, Now the bottleneck pomt s transferred from waorkstation 10 1o
workstation +2. The processing time at bottleneck point or cycle tme is 16 76 second

which s 18,78 second at iteratwm-1,

Atter iteration-2, the daily production capacity of workstation 9 is 4150 unit and
production capacity ol botllencck point 15 1718 unit. Hence, produclion capacity of
workstation 9 15 mare than twp times than boltleneck point and cause a huge buffer at
workstation 12, To reduce buffer, worker B is relcased from workstation & Now the
daily production eapacity of warkstationt 9 is 2160 vty which meet with praducnon

capacity ol bottleneck poml

TI'o check the elfect of violatmg (he steps of method has been used Tess ellicient
worker [y is assigned al workstation 12 and warker D s assigned at workstation 7.
I'he bottleneck point is not transferred from waorkstation 12 but the cycle time s
increased from L6 76 sccond to 1711 second Now the daily production capacily of
the asscmbly Ime reduce to 1683 umits [fom 1718 unts which 15 not desirable for Lhe

shack of produclivity

The postion of workers, processing time of cach workstation and cycle time alter

gach ileration has been explaincd in table 8.5

1

L
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8.3.2 Assemblv Line after Optimization

8321 Inittal

Frenn table 8 5, the processing 1ime at the bottlencek paint is 22 37 second and the
bodtteneck poiul lies al workstation 12 The daily preduction capacity of the proposed
hine 15 1287 unit Imitially, wiilizanon and idleness of the developed line assembly line
15 59 53% and 40 47%. Worker T s assigned at the botlleneck point whiose ovesall
daily eMiciency is 67.03%. Imtially the assigning of worker al the workstation has
been cwmed ow randomly without considering their performance. The productivity
loss due Lo physical (atigue is triggered by only the phywcal alihty of the worker at
boltleneck point. Ling cfficiency of the developed line 18 39 33% Toial number of

worker at the workstation is 18

8322 Merartion-o

After iweration-1, {33 is replaced at the initial bottlencck point and worker J 18 replaced
at the workstation 12, Now, botlleneck point is transferred from workstabon 12 10 10,
Waorker D s working at the new bottleneck pont and average processing time of
bottleneck point (s 18 78 sccond and daily producton capacity is 1534 units From
{ipuics 2, overall efficiency of worker D s 8948 % which is less than worker Gz

From figure 8 10, the efficicney of the assembly hine is 68 60%,

8323 lteration-2

After wcration-2, worker (o 18 replaced from 12 fo workstation 10 and I} s
transferred from 10 to 12 At iteration-2. bottleneck point is transferred liom 10 to
workstation 12, Average processing timc at bottleneck pomt s 16,76 second and
maxumium dawly production capacity is 1718 units, Daily prodoction capacity of cach
workstation is not maore than two times than bottleneck pomt excepl workstation 9
Dailv production capacity of waorkstation 9 is 4150 unils where it is 1718 umt at

battleneck point The cfficicney of the assembly line is increased to 76 74%,

_6] -



.3 24 Nevation-3

From figured 2, two workers Gz and B are assigned at the statton and their overall
cfficiency are 85 49% and 78.72% respectively Al itcration-3. less efficienl worker B
15 reteased from workstation From figure 4, the processing ime al bottlencck paint
14 16.76 sccond and the dauly production capacity is 1718 unit From figure 8.8 and
figure 8 9, the utilization and idlencss of the assembly ling 15 79 22% and 20.058%,
respectively, Now daily producnon capacity of workstation 2 15 2160 units And other

QUICOIMECS FEMLITS fame

83235 Neration-4

To check the etfect an productivity il iteration is continued vinlating the steps of
figuee 6 1 From figure 8 4, at itcranon-4, average processing time at botleneck pomt
inereases from 16.76 second ta 17 11 second and daily production capacity  reduce
from 1718 unil o 1683 units As n apparel industry, daily production capacity 15 the
major cancern, therelre, after iteration-3, further iteration 1s not wise to1 the sack ol

daily poduction capacity

processing time at bottleneck peint

200
2000 -
1000 -
ood .

1878 qgve 1678 17U

Time, 586

Imibal [te-1 [le-2 [te-3 [t=-4

Murp 2y of iteration

Figure 8 4 Botleneck time ol proposed line at each itcrahon,
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Froduction capacity of assembly line

=000 - 1534 1718 1718 1BH2

1500 4 1287

Mumber of unit
=
=
f

Inal Fte-4 [te-2 Ite-2 |le-4

Mum ber of teration

@J\ Figure 8 3: Production capacity ol proposed line at each iteration
%

O
AN

Productivity improve ment of
| assembly line

Improvement %

a2 Be-3

Num her of iteralion

Figme 8 6 Productivity improvement of proposed line at cach iteration

Mumber of worker assigned

Mumber of worker

te-1 Me-2 fte-3 Hee-4

Murmber of iteration

Iigure 8.7; Lotal number of worker assigned al proposed line af each iteration

|
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Litilization of assembly line

100 00
2C 0o GE &0

32 53
GG 00 -
4000

Te74 TITE o4

Wilizalion %

2000
G0l

Int@l fe-1 -2 fe-3

Mumber of iterion

Figure 8.8, Unhration of proposed line at cach iteration

Idleness of assembly line

S000 —
40 00
3000
2000 -
1000 -
oo -

ldleness, %

ILVE] [te-1 [te-2 [te-3 [t-4

MNum ber af iteration

Fiaure 8 9 ldleness of proposed line at each iteratian

EHiciency of assembly line

100 00

50.00

Efficiency, %

0.00 -

Imtial lte-1 [te-2 te-3

Number of iteration

Figure & 10, Efficiency of proposcd line ar each tteration.
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Table 8.7: Improvement of developed line compare 10 existing line

Key cutcomes
™ LA L H = H pipl it tintrinte, gty e Aoy et d
: sl L kR
! SRR ‘rockdsin
tig i1t i S
i 3 i)
i F tinTation's
EH Barpraprtpredais
Sauater i HEEE
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Aler iteration-3, production capacity is improved very sigmficanlly compare 1o
existing assembly linc. Line efTiciency, utilization, idleness, Inss due (o fatigue also
improved at itcration-3. Therefore, position of worker at iteration-3 is most feasible

than iteration-1, itertion-2 and neranon-4,

8.3.3 Assembly Line after Linc Balancing

In the Now produciion system, it is one of the principles, from mass producion point
of view to ¢liminate unnecessary iransfer and hold up to echicye smooth produciion
Now using Lthe pilch time as the references velee for synchronization. To grasp the
aciual condition of the linc balance, it is essential to complere the work by division of
labor { by worker) 10 arrange the resuits the following the normal order of process and
present them in graphicat form in the pitch diagram With invesligating of the
bottleneck process, comrol limit using the pitch diagram must be calculated with line
clficicncy 85%
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Table 8 8: Linc balancing of proposed line of a T-shint {ltermion-2)
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From table 8.8 which has been drawn based on the table8.5 afler iteration-3, Afler

iterntion-3, the line efTiciency is 79.92% and cycle lime is 16,76 second Considering

£
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target line elliciency 15 85%, the pilch diagram has been drawn Upper control limit,
center Ine and lower control livml has been calculated using equation (5 6), ¢5.7), and
(5.8)

. - . , f
Theoretical minimum number of workstation, », = [—(“T-l

-

_154 34
16,76

=020=10

The minimum number o workstation is calculated using equation (5,93, he minimeum
number af workstation when cyele time 1s 10, 1t docs not mean the exacl number

required for balancing

I Pitch diagram

" —a—Timea

1 il ™

=1 G T =
Worksialion

Figure 8 12 Pich diagram of developed hine after itoration-3

Irrom figure 8 120 al woikstation 6, 10 and 12, processing time Lor an operation goes,
vut of upper control HEmit. But to hinprove production capacity, it is wise to reduce
cvcle time o bottlencck processing time To raduce processing time at bottleneck
poanl or eyele fime, teration has been made again and efficient worker s placed ar the
hoitleneck poinl, Two new workers has been assigned at the workstation whose daily
averall elTiciency is identical of C. Severat ilerations bas been carried ot for reducing

cyele time which 15 explained in annexure-vii
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Table8.9; Task time afler ling balancing of proposed line of a T.shin
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Position of worker and processing lime of individual workstation afler each iteration

has been explained in annexure-viii. Daily production capacity, utilization, idleness,

ard line efMiciengy has been calculated using cquation {4,1), {4.3), (4.4) and (4.5}
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Figure 8.13: Pitch diagram of proposed line after line balance

Table & 10; Improvement afler line balancing
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8.4 Loss Due to Iatigue

Performance of workers does not remain same throughout the whole shift, Worker
becomes tired from long hour of working entirely and loss thetr working capabilily

which resulls a toss in the production capacity of worker, A significam amounl of
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product has been losing in garment industry due Lo the physical faligue of warker
his producuvily loss has an impacl on the profit margin. But m Bangladesh, owner

of the garment companics has been ignoring,

8.4.1t Existing Linc

In evisting asscmbly line. warker ) 15 placed at the bollleneck point at workstation,
Mue to a cumuolative [atigue, efficiency of the worker does not remain constant At the
very beginning of the day, each worker takes more lime due to physical tigidity, After

several minutes worker get rid rom this and perform with maximum efficiency

Perdormance curve of .J

H oy ——— R

L e _
B0 - i S

20 .- _

8 7
{

i
I
_

B 008 20
& 405 1
8205 40
33 E0

10021020

Time interval

Figure 8 14 Performance curve of J

Bul the time for gettimg nd from rigidity s not same for cach worker From figure
8 14 worker ) cau perform with maximum elliciency [rom 9.20-9 40 time scgment
and it reduced with lime interval  Afer having a break for once hour from 1 00-2.00
pm, performance of the worker increases up o a fevel and then it decreases wilh tume,
From table 8.2, maximum production capacily in twenty minutcs is 63 onits at 9:20 to
9 40 ume segment then it decrease. Subtracting aclual production capacity from
naxImum preduction capacity Joss due 1o fatigue bas been caleulated. Considering nu
physical fatigue, maximumn production capacity of cxisting assembly line 15 1331
unils But due to physical fatigue. actuat production capacity of assemnbly linc is 1135

units Theretare loss due to physical fahigue 1s 196 units
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Humber of unit loss due to Tatigue
of devefoped lna-Existlng

1331

1400

W 1200 -
1006

W 800
00

400
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0

1135

186

Actual Maximum Loss due
to fatigue

Figured 15 Number ol umt loss due to fatipue of existing hne

_71 -



——— o "L

" "TH _ R _ T8 F7 TN I TY] o E_Elﬂn.: q 7 Tadl | % [34) KN ECE Wik A Fun M)

(3 i IT] ﬁ . ix ) I I iB it ¥ ] i _ [+ o [T (5] [ mErr

i ¥ [ B I S T} I3 =% K t 3 [ “ o™ » Il - 3 rrolr

t I [+74 [ i ] El L e Fi ¥ [ B L) [ 1L 35 or SErOd¥

F & T i T ] bl i Wi s TN T o [ [T 3 W Wror L

3 i -7 n fr) ¥ [] 7l it L 3 '] i [3] b [ 5] o [

[ [2] [ 3 il : < T wi [ [ ] El [ o " [ i CrimC

T LT o 3 il Si T o [ ¥ 3 o [iTH ] = a [ ir MWEWL

4 ii [~ ¥ [T ] 4 ix EL 7 ¥ ) a: 57 (2] a [ - [ L

T F] ] z IT: 6 ] T ] r W] 7] T == & ] ir GCradz

r 1 7] ] i o ¥ i1 &0 3 ¥ o Tt oM R ) K[ | Wi

T 43 ) ¥ 1 [ * i Tz [ (¥ = (13 ™ [ 4 -3 o o CLOL L.

F4 7] L] v F7] [H ¥ il LT, 1 W [~ T o e T = [ SCLiO0Z. |

T [ [T [ i Y] g iz T i ¥ F [T [ o 4 =) £r oZitr i

i ¥ T i Ll L] L A [T 13 M o] [ [37] 3 1 5 [ r LLOT LL

o Fr] ot ¥ o [ T ' il 'R [3 L a i [+ [ [ ] % oot

3 T A 1 [ i i ;] ol iz 3 Y 1 ] Z6 3 C I T "N T

[ [ F [ [ -] [-] ] [] [+] ¥ bE [ [+ I'H » [ [ YIS

& 1k ¥ [ L * |4 (N ('R t [T ok ] o (7] Il 3 [ oL OLCQ Ok

0 Fr) (W] o 1} [T z [T} i 9 T ar [ o ] E w (=] LT T

T al -] .} [T 7 o (T3 i 2 a a a = W ] " " o CoZ 8

3 o [T [ 7] r: 5 (7] o o = w o ) o 3 w T niswe

) Iz i [ 0 a0 ] (] [ ] =] =] [ =) =] ] [ 3 ooECE Y

2 ] [T £ [™] 7] o o (7] [ ] o o o ) [} 1% [ oF FOC 8

@ LT Ty 7 ] 2] & T = v r3 ic I3 B | K [ s = oz Ao e
T e 1,_.: ..H.t.u PRI N R Hr e . m. . = B EEE] EEE o ey 18 ERE T g gt o e e
sl T A e T E ETiEE .:.T e .L___."m. sindimmd aind L Tl TR o S S o R S
ummmmﬂzﬂrﬂnut e H.nuhnzc_txnwt i .hunun zaﬂ.._imth_m“mmun hunnww._ﬁmt_mmmﬁ ianar ,F,._hﬂm_.._.mmmm.u. EIvANLNG I
PR s PR B R R R P e T e bt DR e i [ e e e AL

au| Ajquudsse pasodosd 30 anBigy o anNp s50] ANALINPOIY 1| {8 IR



WNumbes of unil loss=F — 7,
Loss due 1o fatigue = 1331-1135

lass due o [ahigue {%}=—'";—j—‘"y 100124
57

Loss due to fahgue = {133 1-1135) 1001 <1135
=17.30%

8.4.2 Productivity Loss of Proposcd Line

To optimize the productivity of assembly linc, assembly line is designed auain
depending on the performance ol wuorker At cach ileration of develaped line, more
ethicient worker is placed at bottleneck point, Maxumum and actual darly production
capacity of assembly hine 1s calculaled bused of the performance curve of worker D,

and ) om figure 8.17 and figure 8,14 respectively

8.4.2.1 fnitiaf

As the workslanon is designed randomly without considering the porformance of
waiker so that there 1s no biasing oceurs during placement of worker. Initally, at
batlleneck point. worker J s assigned The performance curve of the worker is stated

first.

Number of unit loss due to fatiguc of
developed line-nitlal

1510

e
1200
1000
B0
00
400
250

Mumber of unilts

Ml iy Loss due Eo
faligue

Figure 8 16 Number of unit toss duc to tangue of proposed combination line



From figure 8,14, warker ! can perfarm “with maximum etficiency from 2.20-9 40
nme segment and it reduced with time inlerval After having a break for one hour
(rom 1.00-2 00 pm, performance of the warker increases up to a level and then it
decreases with thne Number ol unil loss and the percent of loss iv caleulared using

cqualion (5.2) and (5 3)

From {able 8.2, maximum produchon capacily i twenty minutes is 63 umits al 920 tu
2. 10 time segment then it decrease The bottleneck point is lics at workstatan 12

where operation neck and slecve opening chap tack is performed,

From table 8 12, the actual production capacity of the existing assembly line is 1287
unit and maximum production capaaty when fatieue 15 not considered is 1510 units
The number of 223 units 15 looesed due to physical fatinne which 1s about 17 309
Number ol unit loss and the percent of loss is caleulaled using cquation (6.2) and

(G 3)

Tabte 8,12, Productivity loss due to fatigue of proposed assembly line
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1730 4 2% G2 az21 % 2:5%

8422 Neration-1

Ta optimuze productivity of assembly line, assembly linc has been desiencd again
depending on the performance of worker. At each iteration of developed line, more
efticient worker 18 placed at the bottleneck point As. among eighteen workers,
worker Gz holds maximum cfficiency of 102 209 Therefore, the worker is placed at
the bottleneck point, But betllencck poimt is transferred from workstation 12 to

workstation 10 where worker 1 15 assiened  As productivity loss depends on the
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p=

worker of bottleneck point. hence, at this situation. performance of warker 1) 1s

stidicd to caloulate the fatioue loss.

Performance curve of D

# 12000
B 13888 e o e T e
. T
E S0 04 -
w4000 - - _ —-
T 2000 - - -
& oo -
g & B ¥ ﬁ 3 9 5 B §
@M O - - =
AR R R R
@ 9 T N EE T S R S T - ¥
== L
Time intarval

Figure 8.17: Perlormance curve of worker D

From [lzure 8 17, 1t 15 clear that performance of worker T) does nui remain constant
throughout the whole shift Just afler getting rid from physical ngidity. the efficiency
ol worker [ reach at the aptimum value of 99 80% at 10 20-10-40 nume segment But
It 15 reduce with ingreasing time Having a reduclion 10 a value of 80 28% at 12 40-

100 time segment, 1 15 inerease afler a rest for one hour At the end of the day, the

worker shows 75 66% elficiency

Numher of unit loss due to fatigue at

iteration-1
M .
E 2000 4~ 1534 168U
5 — e
™
XK 125
g 2 L —
Z Actual MWlaxirn urm Loss due to
fatigue

Figure ¥ 18 Number of umt loss due 10 (atigue of proposcd combination line at ite-1,

From (igure® 18, the maximum producnon capacicy aller itcration-1 s 1060 umts

wilhowt congidering any physical fatigue, Bul the actual production capacity of the
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assembly Iing 15 1534 “Lherefore. 126 umit 15 loosed due to physical faticue which

8.21% of actual production capacity.

8.4.23 feraton-2

At steration-2. warker Gy ois wansferred (rom worleslabion 12 to worlstation 19 and
waorker [21s transferred from 1490 to 12 Bui botileneck pownt exist af the worlostanon 12
where worker I3 has been assigmed. Operaton neck and sleeve opening chap tack 1s
perfurmed at the workstation at the workstation The nature of performance curve of
worker 1315 stated previously lrom figure 8 190 the acloal production capamty s
171% unit and maximum production capacity of the assembly line withoul considering

no {atigue 15 1800 units "Lherelore. 142 units are lnesed due to physical fatigue

I Humiber of unlts loss due to
fatigue at teration-Z&3

2000 —518 LLLEN
E 1500
L2 100G

g a0

! o
Acloal  Maxirmorm Loss
du= to
fatigue

Figure 8 19 - Number of umut loss duc 1o fatigoe of proposed combination line al ite-
2&3
8.4.2.4 INeration-3

Al lleration-3 no worker has been lrangferred from workstation because performance
of waorlier s greater than other wotker Owoly worker B 15 released from the
workstation, At ilerstion-2, the produchon capacity of workstation 9 1s 150 unit but
production capacity of bottleneck workstation is 1718 units Hence, produciion
capacity of workstation 9 1s more than two time compare to bottleneck powint “Lhere

has no meaning to assigning any uhnecessary worker in the assembly line
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As, production capacity of assembly Tine s tniggening by the workstation 12 where
worker [ Tas been assigned Therelore, productvity loss wall be tnggercd by the
worksiation 12, The nature of performance of worker [ who 15 assioned at

wonkslation |2 has been siated

As Lhere s no interchange of warkstation of worker. there 15 no change in the aclual
and mawanuem production capacity. The produclivity loss remains same as again
worker 319 assigned at his'her previous workstalion. 8.21%% percent is loosed due o

(aligue

8425 Meration-4

{teration-4 has been carned out o examine whether producidity can be improved 1iof
steps 1f iteration 1s vialated At iteravnon-4, there s a significant result for productivity
loss But it 1s nol wise [or the shake of productivity Actual number of unit what can
be produced im oan 8 Twur shilt 13 1683 tnis and maximum production capacity 18
171% units Theretiore, 36 units 15 loosed because of tangue, Hence, loss due 1o [atigue

is 2 15%.

MNumber of units loss due to fatigue
at iteration-4

b

| B 2000 4o - 1683 ~ - 1749~
| S
1 B
i g
[ E 36
= T st ——
Masirnum l.oss due to
Taligue

Figure 8 20; Nuinber of umt loss due to (aligue of developed combination ling at ite-4
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Produetivity loass duc to fatigue
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Mum ber of iteration

Figure® 21 Productivity Toss due o tutizue

8.4.3 After bafuncing the fine

Figure & 22 shows the natore of petformanee with lme interval of C Two workers C
whose efficiency 19 identical, has been assiuned wn the workstation and cyele time is
153,28 second. The avanlable time s 8 hours Therefore daily production capacity is
2169 umt. Figure 8 22 and table 8 13 show the nature of performance and productivity

with time interval

FPerflomiance curve of
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Frgure 3.22 Terformance curve of

_7R -



Maximum production can found at 10.00-10 20 time scgment and 1t is reduced with
ttme 100 uaits can be produced au 10,00-10 20 lime segment But at the end of the
day the capacity is reduced to 79 unils in twenty minote, Without considening any
physical fatigue, the maximum total produchon capacity of the assembly line is 2425
unit  Therefore. 256 unils 15 loosed due Lo fatisuc which is 11 80% of the aclual

pracuction capacity

Table 8 13 Productivity loss due to fatigue of proposed assembly linc afler hne

balancing
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Number of unit loss after balance
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Figure 8.23: Number of unil loss due to physical fatigue afier balancing,
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£
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8.5 {onclusion

Preduction capacily of assembly linc is increased with replacing more effigient
worker at the bottle neck point Not only production capacity but also utilization, line
efliciency, 1dleness has been improved afler each iteration Every wurker incurs a
nmunimum space and wage wluch led to increase cost of production Therelbre,
unnecessary warkforee m assembly line increase production cost and it 1s meaningless
to assign  blence, assigmng efficicnt worker al bottleneck poimt, number ol Lotal
workloree can be reduced very sigmificantly, Because of worlung for long time,
production capacily iy decreased to & 1emarkable amount But the level of physical
fatigue of each waorker docs not same, Theretore, 1t 15 wise to place a wurker with
high physical stamina level Along with placing worker with stamina at bottle ncck
point, a predictive model should be generated that would allow job designers to
estimates when workers will reach unsafe levels of fatigue In addition, in selling &
work cnvirenment, the main sources of fatigue such as air, noise, vibralien, hghting.

length of shifi, temperalure, radiation. and creonomics should be considered
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CHAPTER-IX
RESULTS AND DISCUSSION

91 Introduction

Fatigue study of warker 15 a very significant way (o design the position of worker al
thie assembly Ime Overall perlounance of worker changes with the increasing of Inne
of shill Misplacement of worker results a reduction in the production capaaily of
assembly linc Therefore waorker should be placed based on their overall daily
perlormance A very promising result can obtained [om the workforce by introducing
a proper way of placing Hence. every garments indusiry should follow an cffcctive

way while assigning worker 1n the assembly line
9.2 Results and Discussion

The thesis prescnts the results of analysis and development of a trame work [or
improving productivity of assembly hne by analysing averall performance of worker
In this thesis Lime study. warker performance, utilization of assembly Line, idleness of
assembly line has becn studied to develop a framework of improving production

capacity assignang samc worker at difterent workslation

In chapter 8 and table 8 5, cxisting bottieneck point time is 25 37 second and hes at
workstation 10 Daily production capacity 18 1135 unit J'rom table 8.4, utilizalion and
idleitess of cxistmg assembly hne is 54 15% and 45.8% %, Eiliciency of cxisting

asscmbly line 15 54.15%. Production capacity loss due to physical [atigue i3 17 31%

Tu tmprove praductivity, assembly line is rearranged and more elficient worker is
placed at the bottleneck poing based on thewr overu]l efficiency. From table 8.6, 1t 3s
clearcd that after each ileration processimg time al botileneck point s decreased and

dauy production capacity 15 increased
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I chapler 8 and table 8 5, imtially processing fime at bottleneck pomnt is 22.37 second
of the developed combinatiom, Afier terabon-3, the processing time s 1cduced from
22 37sccond to 16,76 second, [F any maore iteration is carricd out violating steps of
optimization which is explained in figure 6.1, average processing tine is increased. At
itcration-4, processing time 1y inereased [rom 16 76 second to 17 11 second Mue to
ingrease 10 processing lime. daily production capacity wull be decreased Therelore 11
18 nol wise of violating steps. Crom figure 8.5, wmbal productuom capacity of
developed assembly hine 18 1287 umi Aficr iteranon-3. daly production capacity
increased 1718 wnit But if further iteration is done vinlating steps of figurc 6.1, daily
production capacity is decireased  lrom figured 6, at teration-3 productivily of
developed assembly line has been improved by 33.49% percent but 1t 15 decreased at
ieration-4 1o 30.77% Therelore, {or the shack productivity of assembly line, position
of warker at Heralion-3 is most feasible Production cost 15 directly related 1o Labor
cost If cxcessive number of worker in assembly line Is assigned, production cosl must
be increased. Iram figure 8 7, at weratwon-3 and iteration-4, 17 workers are required to
mect with the producttaly of boltleneck point Initially, cighteen workers are assigned
in existing assembly line bul afler 1teration-2 onc worker is released to reduce
uhnccessary mappower Figure 8.8 and lgure § 9 show., utilization of asscmbly ling s
incicascd with decreasimg wleness, Al iteranon-3; wiilizalion is 79.92 % and dleness
1% 20,08 %4 [nitally utilization and 1dleness i3 39533 %% and 40 47% respectively.
Figure & 14 shows a successive increase 1n line elliciency Linc cfficiency (s increased
from 59.53 % Lo 79.92% alter ileration-3 line cfficiency decrease 10 condidon of

figure 6,1 15 violated

After baluncing time assewbly iine which has been found after iteration-2. The daily
produchion capacity is also increascd to 21069 units, Wol only production capacity but
alse line elliciency and idleness have been ncreased by 56 41% and 6740 %%
compare to extshing line The cycle time reduced from 2337 second o 13 28 second
Irom figure & 13, the Jine iz well balanced as each workstatum lies within the control

limit

As physical fanigue depends on the physical stamuina of worker and line productivity
o bettleneck point, it is wise ta select higher physical stamina at bottleneck point 1o

improve  preductivity, From figure 8 16, nhally, maximom and actual daly

- %2 -



production capacity of proposed Ine 1¢ 1510 unit and 1287 unit. Therefore, 223 units
are: lovsed due to physical (atigue But the number of unit foosed due to physical
[aligue 18 decreased 1o 101 unils after iteration-3 At iteration-4 number of units
Inosed due o [atigue is 36 units lrom figure 8 22, initial loss dve to fatigue of
developed assembiv lineas 17.30% At teraton-1, iteration-2, and iteration-3, the loss
15 same and 111y 8 21% because of same worker 18 placed at the bottleneck point Dut

thig loosed 15 decreased to 2 15 % al eration-4

Afler balancing the hine which has been tound aler ieration-2, (rom figured.24, the
actual and maximum production capacity 15 2169 umls and 2425 unu. Therelire, 256

units is lnosed duc to fatigue which = 11.80%

In anncxure-vie, fig 1.5 2. fig 3, fig 4, fig 5, fig 6,hg 7, Ng 8, ig 9, fig 10, he 11, tig
12, fig 13. fig 14, fig 15, fig 16, fig 17, fig 18 are the perfurmance curve of warker A,
B.C, D, 1 F, Gy, Gg, Gs, Hy, Hz, Hay Hy, T I T K, Lorespectively Perlovmance of
waorkers show cfficicncy docs not remain constant. At the beginmng of day, due o
physical rigidity. no worker can able to perform with (hewr maximum ability  Alier
several minute they get rid from thns ngidiy and start to perform walh their maximum
clficiency But duc to repelitive task, noisy environment of workplace. wnsullicient
ventilation, temperature, performance of each worker reduced to a significant lovel tili
having a hrealk for one hour. Having a respile {or one hour. performance of cach
worken is increased  But level of performance can net reach to its previous maximum

position

From table 8.7, Bevause of decrease in average processing time at bottlencck point by
33.94%, production capacily of developed assembly line is increased at optimized
aituanion by 51,40% compare 1o exisling assembly line number ol worker is reduced
by 1 unit Utilization and idleness of developed assembly line 1s improved by 47 59%
and 5621 % respectively, T oss due to physical [atigue is reduced by 64 45% and

ctficiency of assembly line 1s improved by 47.59%.



03 Conclusion

Sa [tom these analysis, it is clear that processing lime at bottlencck can be teduce by
assigning cllicient worker as well as productivity also As cost regarding labor is
directly refated to number of worker need to assign m assembly line, tota? production
cost can be reduced by assiyming effictent worker al bottlencck point Not only daily
production capacity and production cost but also olilization, line cfficiency. idlensss
can be optimized ‘There are several cperations required 1n apparcl industry. Fach
aperator should be trained in those operanons so that they can be replaced in difTerent
workstations whilc assigning them at workstation By proper line balancing, cycle

time can be reduced and productivity can be imprave to remarkahle extend

SR -



CHAPTER-X

CONCLUSSIONS AND RECOMNMENDATIONS

10.1  Introduction

Reeause of increasing compelion and demand of ganments product in the glnhal
market. it iz very impormant for garment companies maintaming the demand and
deadlime of shpment. But in the moest company no way ol improving technmique has
been employed. Tn most of the assembly line of garment in Bangladesh, inefficient
worker 1§ placed at the bottleneck point which reduces productvity Because of therr
ianerance aboul the proper utilization of worker’s wawamum performance in Lhe
asscmbly line, compames are fosing to have maximuwm amount of praduct by utilizing

SAME [eS0Urces

10.2  Conclusions

‘I he thesis is carned wut for the purposc of anabysis and development of a frame work
for improving productivity 1 an apparel company based on the petlormance of
worker. To develop a framework of improving productivily, tme study, fatisuc study,

worker performance has been studied

It 1s clear that per hour production is mversely proportional to bottle neck time
Bottleneck time can be reduced by placing efficlent worker at the bouleneck point
Number of total worker required in assembly line can reduce by placing efficient
warker and productivity can be unproved. 1t s also noled that productivity foss duc to
fatiguc only depends on the nature of performance of worker assigned at the
bottleneck point and it can not be reduced aller a certain lumit. "Lhercfore, productivity
loss due 1o fatigue 1s not so significant matter at opumired situation becausc
maximim production capacily can be [ound with higher loss duc to fatipue 1 i3
obvious that utilization in assembly hine can unprove and 1dlencss can be reduced by

assiguiny efficient worker at bottlencck point

1
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10.3 Recommendations for Future Work

Irom the above results it is clear thal a prormsing result can be obtained by studying
tutigue of worker By improving source of physical fatiguc such as lighting,
ventedlation, sufficicnt space allocalion, keeping lower label of noiss. worker’s
physical fatigue can be reduce to a extent Buot it incurs some additional cost to the
product, But the main goal of any campany is not onky o provide service but also
protit If the additional cost is very high compaire 1o the trmprovement of productivity,

it s not wisc to expensc 1o develop the environment of worlplace,

Bui the study 18 hmited 1o the sludy of worker’s fatigue 1t in nccessary to examine the
relatianship between improvements of productivily and inciease in cosl which meurs
for ventilation, multi operation traiming, keepmg low label of nowsc, venulaton and
others. A future study can be carricd oul 1o (ind the proliality comparing the

improvement of productivity and increasing additional cost.

- Hi -
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