
1－F－7  2001年度日本オペレーションズ。リサーチ学会  

春季研究発表会  

AS五mⅧ蜘五①mS鯨加圧gy伽『Ⅴ最『細孔nM：訊mⅦぬ鑑紬『誠唱  

O  JAINP．K．，YAMAMOTOM．，FUKUDAY．，FUKUMAT．  
DepartmentofSystemsandlndustriaIEngineerlng  

CoHegeofEngineering，HoseiUniversity  

Tokyo，JAPAN  

Imせ『Od岨e仕五om   

Astimeisbecomingthemostcriticalfactorintoday’sglobalcompetition・QualityandfunctionalityofprQduct  
arenolongeracompetitive advantage，insteadtheyarethe basicrequlrementS fbrenteringamarketandare  

expectedbythecustomers・Thedistinguishingadvantagenowismorefbcusedonacompany，sabilitytorapidly  

PrOVideadesiredproductatthedesiredplace．Intherapidrealisationofproductstwoaspectsareimportantviz．，  

nexibilityandthevalidationofmanufhctur］ngSyStemdevelopmentagainstitsrequlrementS．Giventheimportance  

Oftime，alIaspectsoftheproductandmanufacturingdevelopmentprocessneedtobescrutinisedfbropportunities  

Oftimereduction・Theabilitytoreducethedevelopmenttimeandinparticu）arreducethemanufacturingsystem  
integrationproblemscanprovideappreciablecompetitiveadvantagestoamanufhcturer．1tisthusimportantto  

deve）op and use tooIs that wilJenable the reduction of manufhctunng system development time．Similar  

advantagescan begainedduringoperationsfbrm句Ordecisionsthatimpactthewholemanufacturingsystem．  

OperatlngpOlicyandprocedurescananddonegativelylmPaCttheperfbrmanceifnotthoughtoutwell．Validation  

Oftheirnpactofsuchpo）iciesandprocedurescanhe）psignificantlylmPrOVethedecisionsandtheperformanceof  
the manufacturlngSyStem・Theimplementation ofvirtualmanufacturingconceptis an approach suitable fbr  
Validationofallmqoraspectsofmanufacturingsystemdesignandoperationinanintegratedmanner．Mainly  
three approaches fbr theimp］ementation ofvirtua】manufacturing concept are Zistedin the Ziterature（Viz．  

Simulation－based，mOdel－based，andrule－based）．   

Discreteeventsimu］ationhastraditionaJ7ybeenconsideredapower仙toolfbrproductionapplications．Numerous  

special languages and software packages have been developed to simulate the production activities of a 

manufacturing systemwithlimited applications fbr validating designs ofproduction systems and compar］ng  

productionstrategleS．Mostoftheexist．ngtoo（saresuitablefbrproductionIines，inwhichallproductsfblIow  

Similarsequencesofoperations．Theydonotdealefftctivelywithjobshops，Whichproducesma11batchesof  

numerousproducttypeSWithdiverseproductionroutings・Moreover，theyaresuitablefbrpush－tyPeSyStemS，in  

Which the shop orders arelaunched upon the recelptOfthe customer orders．Most simulation packages are  

inefftctive fbrjust－in－time production，Whichisincreaslngly popularin current practice．However，ifthese  

PrOblemsareaddressedeffbctively，Simulation（andviHualmanufacturing 

． 

mostcriticalfactorsintoday’scompetitivemarkets．InorderfbrvirtualmanufacturlngtOhavemqorimpactin  

theseareas，discreteeventsimuJationshouldbeintegratedtotheexistinginfbrrnationsystemsofamanufacturing  

COmPany・Forexample，PrOductionsimulationsshouldbebuiltwithminimaluserlnPutuSlngeXistingdata，SuCh  

asBi）1s－OfJMaterials，WorkCentre，ProductionRoutings，CustomerDernandandShopFloorControldata．  

恥叩OSedSせ柑せegy  

The present paper reports on the development ofa rule based hierarchicalsimulation strategy fbr virtual  
manufacturlng．A simple block diagram ofthe sameis depicted belowin Fig．1．The startlng POlntS are the  

lnPuttlngOfdetai］sabouttheproductmixandsystemmodulesthroughuserinterface・Theproductdetai1sand  
theirworkplansarestoredintheProductDetai1sLibrary（PDL）fbranyfutureuseandtoeaseapressure什omthe  
usertolnPutthemagalnincaseproductisidentical・］tisimportanttomentionherethatuserlSnOtrequiredto  
identifyand allocate theresources andtheinputted workp］ans are systemindependentandtruIybasedonthe  

Part’smanufacturingrequirements（i．e．partftaturerequirements）．Forsystemcon石gurationdesignamodular  

architectureisemployed．Asystemconflgurationjsdesignedbyassemblinganumberofsystemmodu】es，Wherein  

eachsystemmodulecontainsvariousresources（SuChasworkstations，buffbrs，rObots，loadingand unloading  

Stations etc．）．System modules areindependent entities and storedin the System Module Library（SML）as  

Standardtemp）ates，Whichcanbeusedanytimelaterfbrthedesignofcomp］exmanu払ctunngsystem  
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COnfigurations・Theadvantageofthisapproachisthatonesystemmodulecanbeusedinmorethanonesystem  
COnfigurationatthesametime・Variousmodulesintheoverallsystemconfigurationareconnected uslngan  
independentmaterialhandlingsystemfbrintrarnodularmovements■Thougheachmodulei亨Selfsufncientfbrits  
materialhand）ing requlrementS・Additionalinfbrmation aboutthe capacities ofvarious resourcesin member  

SyStemmOdulesandtheirinitialstatusisaddedtocompletethesystemconfigurationdesign・Systemcon石guration  
VariantsarestoredinSystemConfigurationLibrary（SCL）fbrfhturesimulationstudies．  

Figurel：OverviewofSimulationStrategy   

AKnowledgeEnrichmentAlgorithm（KEA）hasbeendesigned，Whichisactivatedaftertheselectionofproduct  

mixandsystemcon吊gurationfbrsimulationstudiestoupgradetheinfbrmationavailableinvariouslibraries．The  

WOrkp）ansofvariouspartsareprocessedfurthertoidentifysuitableresourcesinvarioussystemmodulesand  

ftasibIeroutesfbrtheminthesystemconflguration・Thesystemiscapableofhandlingthepartsneedingdifftrent  
routesfbrtheirmanufhcturesimultaneously，thusservlngtheneedsofjobshopmanufhcturlngenvironment．This  

a］gorithm generates a comprehensive system configuration，Whichincludes static and dynamic views ofthe  

SyStem・Thestaticviewincludesinfbrmationaboutvariousmodulesandtheirresourceswithavai1ablecapacities，  

PrOduct mix and their work plans with fbasible routes．The dynamic viewincludesinfbrmation capsules fbr  

CaPturlnginfbrmationaboutchanglngreSOurCeStatuS，PrOductmixprogress，deIaysetc．duringsimulationprocess．  

SimulationControIMechanism（SCM）isdesignedtoprocSSandupdateallinfbrm左tibnaboutthemovementof  
Variouspartsinthesystem model，StatuSOfal］resourceslnVarioussystem modules，andtorecordtimeofthe  

OCCurrenCeSOfa］1eventsduringthesimulationprocess．Anextensiverulebaseispreparedandimplementedin  

SCM fbrdecision makingtoefftctivelyregu】atethepartmovementsandtotackletheproblemsarlSIngdueto  
SyStemCOnⅢctsanddeadlocksetc．Aperfbrmanceevaluationsheetisgeneratedbythesystemastheflnaloutput  

andincludesinfbrmationaboutbatchcompletiontime，utilizationofvariousresources，delaysandwaitsduring  

batch processIng，and WIP．Severalexample batches have beentaken ascase studiestovalidatetheworking  

architectureoftheproposedstrategyandfbundtobeworkingsatisfactoriIy・   
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