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ABSTRACT

Thisstudyproposesanintegrationoftheweightmethodandgreyrelationalanalysistooptimizea
monolithicgripper.Thisgripperisdesiredforuseintheassemblingindustryofcylindricalparts
withdiametersfrom500µmto800µm.Theweightfactorforeachresponseiscalculatedaccurately.
ResponsesurfacemethodologyandTaguchimethodareutilizedtobuildanexperimentmatrix,and
greyrelationalanalysis isutilizedtopredictoptimalresults.Theresultsfoundthat thepredicted
displacementvalueis0.5699µm,andthepredictedfrequencyvalueis780.9Hz.Comparedtothe
initialdesign,thequalityofresponsesisimprovedby7.53%forthenaturalfrequencyand35.29%
fortheoutputdisplacement.Theerrorbetweenthepredictedresultandtheverifiedresultis1.15%
forthenaturalfrequencyand16.62%fortheoutputdisplacement,respectively.Itimpliesthatthe
proposedmethodhasastatisticalaccuracy.
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INTROdUCTION

Assemblingisoneoftheimportantstepsintheelectronicsindustryandrelatedindustries.Therein,
smallpartssuchastheminiaturizedgear,pins,chips,maleconnectorsmustbeinsertedintofemale
connectors(Anseletal.,2002;Dechevetal.,2004;S.J.Hu&Camelio,2016).Inactualproduction
conditionsinmostfactories,theassemblyprocessdependsheavilyonhumanskills.Thisisthecause
oflowproductionefficiency,unstableproductquality,notcompetitiveintermsofproductprices,
etc.Insomefactories,thisprocessisreplacedbyindustrialrobotsbasedonpneumaticandhydraulic
systems(C.Chenetal.,2016;Zhongetal.,2019).However,theserobotshavelimitationssuchas
generating noise during operation, gripping with highly complex parts, small size components,
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difficulttoprocessandassemble.Especially,suchrobotsresultinundesirederrorsduringfabrication
andassembly.Thisleadstodifficultyingrippingandreleasingobjects.Toovercomesuchlimits,the
compliantmechanismisalternativelyusedwiththeadvantageofbeingmonolithic,small,easyto
fabricate,nonoise(Howell,2011).Acompliantgripper(CG)isconsideredasaneffectivesolution
thatcanreplacetraditionalrobots.However,research,development,andapplicationoftheCGin
theproductionprocessarestillverylimited.Basedonthesurveyresults,itcanbeseenthatonlyone
CGapplicationstudyfortheassemblysystemisperformed(Hoetal.,2019a).Fromtheproblems
mentionedaboveandthelimitednumberofstudiesthathavebeendone,researchanddevelopment
ofCGstoovercometheabovedifficultiesisconsideredessentially.

Regarding the analysis, design, and optimization of a CG, there are many approaches to
implementation.However,therearetwocommonlyusedapproaches:black-boxapproach(Nguyenet
al.,2019)andkinematics-baseddesignmethods(Dsouzaetal.,2018;Nandyetal.,2018;Qingsong,
2015;Tashakorietal.,2018;Xu,2015).Withakinematics-baseddesignmethod,themathematical
equationsneedtobeestablishedfirst,anoptimizationalgorithmisthenusedtopredictasetofoptimal
parameters.Throughtheestablishmentofmathematicalmodels,itprovidesknowledgeaswellasa
clearkineticmeaning.Notwithstanding,thelimitationofthisapproachisdependentontheknowledge
ofdesigners.Also,somepreviousstudieshaveshownthattherehavelargeerrorsbetweenpredicted
resultsandexperimentalresults(Ai&Xu,2014).Incontrasttothekinematics-baseddesignmethods,
toavoidfactorssuchasexpertknowledge,inadequatedescriptionofdeformedcomponents,black-box
approachallowstheestablishmentofavirtualmathematicalmodelthatdescribestherelationship
betweeninputsignalsandoutputresponse.Inrecentyears,thisapproachisusedbymanyinterested
scientists(Dangetal.,2019;Hoetal.,2019a;K.Muriithietal.,2017).

Moreover,theCGoftenfacessomechallengessuchasalargedisplacementstrokeamplifier,
astableforce,agoodresonantfrequency,alight,andasimplestructure.Infact,dependingonthe
targetoneachspecificdesigngoal, theserequirementsareusuallyresolvedthroughtwostepsas
follows:Firstly, theeffectof thedesignparametersneedstobeconsidered.Secondly, thedesign
parametersneedtobeoptimizedtoimprovethecharacteristicsofthedesign(Niaki&Nikoobin,
2017).Nowadays,designoptimizationcanbedonebymanydifferentmethods.Forexample,Liuet
al.(Liuetal.,2018)usedthetopologymethod,Harfenstelleretal.(Harfenstelleretal.,2013)utilized
thebox-complexmethod,Hoetal.(Hoetal.,2016)appliedRSMandTM,Huetal.(C.Huetal.,
2018)usedamodelpredictivecontrol,etc.Thesemethodshavelimitationssuchaslongcomputational
timeandaccuracyofthemethoddependsheavilyonsearchspaceaswellascontrolparameters.To
overcometheselimitations,recentlysomehybridalgorithmsandintelligentalgorithmshavebeen
developedandappliedwithveryhighefficiency.ItcanbementionedasanintegrationoftheTM
(TaguchiMethod)andTeachinglearning-basedoptimization(Dangetal.,2019),ahybridapproach
offiniteelementanalysis,Krigingtechnique,andmulti-objectiveoptimizationalgorithm(Nguyen
etal.,2019),ahybridapproachofGRA,regression,andANNmodels(Guptaetal.,2020;Shah&
Bhavsar,2019),PSO(Deyetal.,2020;Zhang&Chen,2011).

Fromreviewingtheliteraturereview,itisnotedthatthevaluesoftheweightfactor(WF)for
eachresponseareoftenrandomlychosenorcalculatedbyusingtheentropymeasurementtechnique.
However,therehavenotbeenanyreportsofahybridapproachofRSM,TM,GRAbasedonspecific
weight calculationmethods tooptimizemulti-responseoptimizationof theCG.From theactual
requirementsandtheissuesmentionedabove,inspiredbythelevelmechanism,parallelmechanisms,
andconceptofcompliantmechanisms,agripperforuseintheassemblingindustryofcylindrical
partsisdesignedinthisstudy.Levelstructureplaystworoles,includingdisplacementamplification,
anditconnectspiezoelectricactuators(PEA)andjaws.ParallelmechanismsensurethatbothCG’s
jawisuniformlymovingandflat.

Thepurposesofthispaperaretodesignandoptimizeagripperintermsofgoodcharacteristics
tobeusedintheassemblysystem.Researchcontentislimitedbyfourpointsasfollows:(i)CGis
proposedtohaveanexpecteddisplacementofgreaterthan500µ(theinitialgapbetweenbothjaws
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