
DOI: 10.4018/IJMMME.2021010101

International Journal of Manufacturing, Materials, and Mechanical Engineering
Volume 11 • Issue 1 • January-March 2021


Copyright©2021,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

Quantitative Analysis of the Impact 
of Inter-Line Conveyor Capacity for 
Throughput of Manufacturing Systems
Priyanka Raosaheb Dhurpate, Eastern Michigan University, USA

 https://orcid.org/0000-0002-3444-289X

Herman Tang, Eastern Michigan University, Ypsilanti, USA

 https://orcid.org/0000-0001-6609-7851

ABSTRACT

Theobjectiveof this study is to identify the impactofan inter-lineconveyoron the throughput
performance of manufacturing systems and determine the capacity of an inter-line conveyor to
improviseproductivity.First,manufacturingsystemforanautomotiveassemblylineismodeledby
adoptingthemethodologyoftwolineswithaninter-lineconveyorsystem.Aquantitativeanalysisof
aninter-lineconveyorcapacityiscarriedoutunderdifferentconditionsandcapacitiesusingdiscrete
eventsimulation(DES).Theinitialresultsareobtainedtojustifythepurposeofaninter-lineconveyor
followedbyintroducingarandomfailureofastationforthedurationof10minutes,30minutes,and
catastrophicbreakdownoftwohoursatupstreamanddownstreamlineseparately.Thecasestudy
outcomesshowthat,20unitisanoptimumcapacityresultinginimprovedproductivity.Thefindingsof
thedifferentstoppageandcatastrophicbreakdownstudyshowthebufferingofaninter-lineconveyor
mayserveasanewapproachandguidelinetothebufferstackdesignandschedulingmaintenance.
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1. INTRodUCTIoN

1.1 Research Background
A manufacturing system can be in different configurations, such as serial, parallel, hybrid (a
combinationofserialandparallel).Aserialconfigurationiswidelyusedformassproduction,such
asvehicleassemblymanufacturing.Inaseriesmanufacturingline,alineisoftendesignedwithan
intermediatebufferbetweentwoworkstationstotransferWIPs.Inamanufacturingsystem,twoserial
linesareconnectedwithaconveyor.Theinter-lineconveyortransfersWIPsfromtheupstreamtothe
downstreamline.Inaddition,theconveyorsystemplaysanimportantbufferingroleinhelpingthe
continuousoperationduringthedowntimeofaworkstationinalineandimprovestheproductivity
ofamanufacturingsystem.

Cycletimeandreliabilityoftheworkstations,arecrucialfactorsthataffecttheproductivityof
amanufacturingline.Moreover,unpredictableeventsinproduction,suchassmallandcatastrophic
breakdowns, can affect the throughput of a line. Some significant studies have been done over
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thepastfor the throughputperformanceofasystemusingthe two-machine-single-buffermodel.
However,thereal-worldmanufacturingsystemismorecomplex,consistingofadifferentnumbers
ofproductionlinesandstations.Thus,itisimportanttounderstandacomplexmanufacturingsystem
performancethroughputunderdifferentconditions.Thisstudyprovidesasubstantialunderstanding
fortheselectionofaninter-lineconveyorcapacitybyintroducingarandombreakdownatastation
andstudyingtheWIPsonaninter-lineconveyorfordifferentcapacitiesandeffectofthesameon
thethroughputperformance.

Amanufacturingsystemiscomprisedofmultipleseriallinesconnectedbyaninter-lineconveyor
betweenanytwolines.Inprinciple,whenafailureoccursinthedownstreamline,aninter-lineconveyor
canreducetheblockingofanupstreamline,untiltheWIPoccupiesthefullcapacityoftheinter-line
conveyor.Similarly,whenafailureoccursintheupstreamline,aninter-lineconveyorcanreduce
thestarvingofthedownstreamlineuntilalltheWIPsareused.Severalfactorsaretobeconsidered
whiledesigningsuchalargeproductionline,wherethecapacityofaninter-lineconveyordirectly
affectstheinventorycostofproductionaswellasthroughput(Conwayetal.,1988).However,such
impactsonblockingandstarvinghavenotfullyquantitativelystudied.

1.2 Literature Review
Researchhascarriedoutinpastdecadesandfoundaperfectdesignforthemanufacturingsystem
toimprovethesystemperformanceformaximumthroughputusingdifferentapproaches.Lietal.
(2009)performedthroughputanalysisforseriallines,implementingempiricallawbyconsidering
thecoefficientofvariationofthemachine’supanddowntimes.Gede&Hui(2011)developedtwo
modelswithrandommachinebreakdownviz.stochasticandfixrepairtimeinordertogetoptimal
production rate.Qietal. (2007)performedstochasticanalysis fora singlemachinesubjected to
randomjobprocessingtimewhichshowedthattheoptimalschedulemustbe‘V’shaped.While,Gu
etal.(2014)proposedastudywithapreemptive–repeatmodel,wherebreakdownsareindependent
ofprocesstimeinordertominimizethetotalcompletiontimeforallthejobs.Kiranetal.(2013)
performedrootcauseanalysisinordertoidentifymajorbreakdownsthataffecttheproduction.

Differentanalyticalandmathematicalmodelshavebeenconductedbyresearchersforthroughput
analysistoinvestigatetheeffectofdowntime.Someoftheresearchersusedtheapproachofconsidering
scheduledmaintenanceasdowntimeforthroughputanalysis.Sembiring&Nasution(2018)concluded
thathighdowntimecauseintheindustryisduetocorrectivemaintenancewhichimpactsunscheduled
maintenanceactivity.Resultinginthelossinproductionprocesstime.Zhuetal.(2019)usedOnline
TaskAllocationforschedulingmaintenancewherepermanentproductionlossisconsideredtoanalyze
theeffectofdisruptionintheproductionlinewhichledtotheconclusionthatpermanentproduction
lossislikelytohappenwhenthelastslowestmachinestarvesorblocks.

Studieswereperformedforproduction lossby identifying thebottleneckstations,andsome
devotedtostudytheeffectofabufferinamanufacturingsystemhaveshownasignificantimprovement
inproductivity.Roseretal.(2004)studiedtheeffectofthebufferonthesystemusingstarvingand
blockinganalysisinordertocreateapredictionmodelfortheallocationofabuffer.Imseitif&Tang
(2019)usedastrategicapproachwheremanufacturingstationsarereplacedbyanidlestationwhich
canactasabuffer.Theirresultshowedtheimprovementinthethroughput.Kavusturucu&Gupta
(1999)implementedamethodofaqueueingsystemwithfinitebufferassigningaservertoeach
stationandinvestigatedtheeffectonthroughput.Liuetal.(2012)performedthroughputanalysis
foratwo-stagemanufacturingsystem,consideringindependentunreliablemachinesateverystep
decoupledwithafinitebuffer.

Thedevelopmentofamanufacturingsystem,however,doesnotrelysolelyonthestudyofa
singlemachineorabuffer,ratheritinvolvesthepossibleimpactoftheseconstraintsononeanother.
Singh & Jatinder (2019) measured the whole manufacturing system performance, considering a
possiblechangeeitherorbothmachineorsystembyintroducingCompositePerformanceMatrix
(CPM)intwowaysfirstbyAnalyticalHierarchyProcessapproachandsecondbyconsideringdata
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