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ABSTRACT

Thisstudyproposesacombinationofkinematics-baseddesignmethod,statisticmethod,andTLBO
algorithmtosolvecomputingoptimizationforacompliantgripper.Itisemployedinanassembly
systemofminidirectcurrentmotor.First,thekinematicmodelsofthegripperaredeveloped.The
staticmodelispaidattention.Next,thedynamicmodelisestablishedbasedonLagrange’sprinciple.
Then,amulti-criteriaoptimizationforthegripperisconductedbyTaguchimethodintegratedwith
TLBOalgorithm.Finally,theFEAandexperimentsareimplementedtoverifytheoptimalresults
andevaluatetheperformancesofthecompliantgripper.Theresultsindicatedthattheoreticalmodels
areingoodaccordwiththeresultsfromsimulationsandexperiments.Additionally,theperformance
ofthepresentmethodissuperiortoPSOalgorithm.Theresultsrevealedthatthecompliantgripper
allowsadisplacementupto3000µmandtheamplificationratioof12times.Thecompliantgripper
isapotentialapplicationfortheminidirect-currentmotorassemblysystem.
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INTRODUCTION

Basically,thestructureoftheminiDCmotorincludingmanypartsisassembledtogetherasametal
endcap,magnet,andshaft,core,asshowninFigure1.Tocreateacompetitivequalityproduct,the
accuracyofeachassemblyisimportant.Especially,theprocessofinstallingtheshaftofthemotor
isintothecoreofmotor.Thisprocessrequiresaquitehighprecisionwhiletheirsizeisquitesmall.
Inreality,theirdimensionsareusuallyϕ0.6mm×10mmfortheshaftandϕ2.5mm×3mmforthe
core.Sincethe1983s,directcurrentmotor(DCM)hasbeendiscoveredbyBritishscientistWilliam
Sturgeon.MiniDCMsareusedintools,toys,andequipment(Chungetal.,2002;Akagietal.,2008;
Sensorwiki,2016).
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Withfactualproductionconditionsinsomemanufacturingplant,thisoperationlargelydepends
onhumanmanipulation.Thereupon,theproductionefficiencyandproductcompetitivenessarenot
high.Toovercomethesedifficulties,assemblysystemswithgripperarestudiedfortheapplication.
Thesegripscanbedesignedbasedonpneumaticandhydraulicsystems(Chenetal.,2016;Dameitry
andTsukagoshi,2017;Zhongetal.,2019),orareproposalsbasedoncompliantmechanism(Jainet
al.,2013,2018;Hoetal.,2019).Existinggrippersaredevelopedbasedonpneumaticorhydraulic
systemsandtheyalwayshaveanoiseduringoperation.Thelimitationsofthesegrippersmakethem
expensiveandhavelowflexibility.Contrarytotheaboverestrictions,theproposeddesignsbased
oncompliantmechanismareconsideredasthemostpotentialcandidates.Itneedstobeappliedin
modernassemblysystemsforreasonssuchasmonolithicfabrication,small,andhighprecision,reduce
noisepollution,improveproductionefficiencyandproductcost.Notwithstanding,aresearchonthe
literaturereviewfoundthattheapplicationofcompliantgripper(CG)intoassemblyprocessofmini
motorhasbeenalackofinterests.

Fromthesurveyresultsofpreviousstudies,theCGdesignprocessoftenfacessomechallenges,
includingawidedisplacementstroke,astableforce,alargeresonantfrequency,alightweightstructure
butmustguaranteeastressunderanallowablestress.Infact,dependingonthetargetoneachspecific
designgoal,theserequirementsareusuallyresolvedthroughanoptimaldesignprocesstoimprove
thecharacteristicsofthedesign(Liuetal.,2017;NiakiandNikoobin,2017;Hoetal.,2018;Nam
etal.,2019).Besides,Harmonysearchoptimizationmethodwasusedtooptimizethearchitecture
parametersofcompliantmechanism(Ding,Yang,Zhang,&Xiao,2017)andamodularmethodwas
developedtodesignofmicro-positioningstageswithadvantagesoflowcostandeaseofupgrading
(Ding,Yang,Xiao,&Zhang,2019).

Nowadays,severalapproacheshavebeenproposedtodesigningandoptimizingagripper.There
aretwocommonlyusedmethods:structureoptimizationmethod(Luetal.,2005;Reddyetal.,2010;
Zhuetal.,2013;Mahantaetal.,2019),andkinematics-baseddesignmethods (Qingsong,2015;
Xu,2015;Lingetal.,2016,2018,2019;Dsouzaetal.,2018;Tashakorietal.,2018).Thestructural
optimizationconsistsofthreetypes:(a)thetopology,(b)thesize,and(c)thegeometry(Luetal.,2005).
Notwithstanding,theresultsobtainedfromthismethodmayprovideaCGthatcanbeverysensitive
tomanufacturingerrors(Zhuetal.,2013).So,thekinematics-basedmethodisproposedinthisarticle
duetoitssimplicity.Inordertosolveamulti-criteriaoptimizationdesign,thestatistical-basedand
metaheuristicalgorithmsweredevelopedastheTaguchimethod(TM)(Roy,2010),NSGA-II(Fossati
etal.,2019),responsesurfacemethod(RSM)(Bezerraetal.,2008),PSOalgorithm(Bhattacharya,
Chattopadhyay,Chattopadhyay,&Banerjee,2019;Carvalho,Bernardino,Hallak,&Lemonge,2017;
Chatterjeeetal.,2017)ahybridapproach(WangandTai,2010;Rezaeianetal.,2011),orimproved
PSO(Shenetal.,2009).However,someofthemarelimitedbyconvergencespeedandcomputational
cost.Inthisstudy,aHTLBO(Hoetal.,2018)wassuggestedinoptimizingofthegripperwithafast
computationalspeedandreliability.Modellingofkinematicsanddynamicsoftheproposedgripper
providesthemathematicalmodels.Andthen,weightfactorofobjectivefunctioniscomputedbythe
statisticalmethod.Atlast,usingtheestablishedmathematicalmodels,amulti-criteriaoptimization
(MO)processcanbeimplementedthroughtheHTLBO.

Purposeofthisarticleistoproposeanapproachofkinematics-baseddesignmethod,statistic
methodandTLBOalgorithmformulti-criteriaoptimaldesignofagripper.Asuitablestructureof
gripperisdesigned.Kinematicmodelsareestablishedtodeterminethepositionsandrelationships
ofmotionsofjointsandlinks.Thestaticmodelanalyzedbasedontheoryofelasticbeam,which
candeterminethegrippingforce,stiffness,ratioofamplification,andstress.Adynamicmodelis
developedusingLagrange’sprinciple,whichcanidentifytheresonantnaturalfrequency.Theweight
factorisdetermined.Basedonthemathematicalmodelsfoundout,theoptimizationprocessiscarried
basedontheHTLBOtoimproveoveralltheperformances.AFEAisconductedtoassessanalytical
andoptimalresults.BehaviorofthepresentmethodisevaluatedincomparisonwithPSOalgorithm.
Finally,aprototypeismanufacturedandexperimentaltestsareimplementedtoverifytheFEAand
analyticalresults.
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