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ABSTRACT

Q３４５DhighＧqualitylowＧcarbonsteelhasbeenextensivelyemployedinstructureswithstringentweldＧ
ingqualityrequirements．A multiＧobjectiveoptimizationofweldingstressanddeformation was
presentedtodesignreasonablevaluesofgasmetalarcweldingparametersandsequencesof
Q３４５DTＧjoints．Theoptimizedfactorsincludedcontinuousvariables(weldingcurrent(I), welding
voltage(U)andweldingspeed(v))anddiscretevariables(weldingsequence(S)andweldingdirecＧ
tion(D))．TheconceptsofthepointerandstackinVisualBasic(VB)andtheinterpolationmethod
wereintroducedtooptimizethevariables．TheoptimizationobjectivesincludedthedifferentcombinaＧ
tionsoftheangulardistortionandtransverseweldingstressalongthetransverseandlongitudinaldisＧ
tributions．Basedonthedesignofexperiments(DOE)andthepolynomialregression (PR) model,
thefiniteelement(FE)resultsoftheTＧjointwereusedtoestablishthemathematicalmodels．The
ParetofrontandthecompromisesolutionswereobtainedbyusingamultiＧobjectiveparticleswarm
optimization(MOPSO)algorithm．Theoptimalresultswerevalidatedbythecorrespondingresultsof
theFEmethod,andtheerrorbetweentheFEresultsandthetwoＧobjectiveresultsaswellasthatbeＧ
tweentheFEresultsandthethreeＧobjectiveoptimizationresultswerelessthan１７􀆰２％and２１􀆰５％,
respectively．Theinfluenceandsettingregularityofdifferentfactorswerediscussedaccordingtothe
compromisesolutions．

１．Introduction
　The welding materialQ３４５DisahighＧquality
lowＧcarbonsteelthathasarelativelyhighresearch
valueinenterprises[１] andhasbeenextensivelyemＧ
ployedinstructureswithstringentweldingquality
requirementsforthemanufactureofrailwayvehiＧ
cles[２,３] ．ManydifferentmodelsofQ３４５Dhavebeen
appliedtostudythephenomenaandproblemsinthe
weldingprocess[４Ｇ６] ．Amongthesemodels,theTＧjoint
modelisextensivelyappliedduetoitssimplecomＧ
position, distinctdeformation modeandabundant
experimentalresources[７,８] ．
　Theweldingresidualstressanddeformationare
themostimportantconcernsofaweldmentamong
manydifferentresearchobjectivesinthegasmetal
arcweldingprocess[９] ．Tocontroltheresidualstress
anddeformation atareasonablelevel, preＧweld
treatment,postＧweldtreatmentandtreatmentdurＧ
ingtheweldingprocesswereproposed[１０] ．ThepreＧ
weldtreatmentandtreatmentduringthewelding

processenableabettercontroleffectandamoreexＧ
tensiveapplication．Studieshaveinvestigatedthe
preＧweldtreatment．Jindaletal􀆰[１１]attemptedtoopＧ
timizethefollowing weldbeadparameters, weld
beadformfactor, dilution, microhardnessanddifＧ
fusiblehydrogencontent,fortheweldingofstrucＧ
turalpipe．Moradpouretal􀆰[１２] optimizedtheweldＧ
ingparametersinthesubmergedarcweldingofAPI
X６５steelplates．StudieshavealsoinvestigatedvariＧ
oustreatmentsduringtheweldingprocess．JeongＧ
UngandGyu[１３] investigatedtheeffectofwelding
sequenceonfilletweldingdistortionandproposeda
newmodelofthejointrigiditymethodtodetermine
theweldingsequenceforminimum weldingdistorＧ
tion．Jietal􀆰[１４]investigatedtheinfluenceofdifferＧ
entweldingsequencesonweldingqualityandpresＧ
entedasuitablesequence．TheseinvestigationsproＧ
videdavailableweldingparametersorsequencesto
enhancetheprocessofweldedstructures．However,
fewstudieshavecombinedthepreＧweldtreatmentand
treatmentduringtheweldingprocesstoinvestigate
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theirinfluencesonweldingstressanddeformation．
　Unexpectedweldingdeformationandstresscanbe
controlledbytheoptimizationofaboveＧmentionedfacＧ
tors．Themostfrequentlyusedoptimization methＧ
odsincludethesingleＧobjectiveoptimizationdesign,
analysisofvariance, andsensitivityanalysis[１５,１６] ．
AsadiandGoldak[１７] usedasurrogatemodeltoobＧ
tainthe minimum distortioninapipegirth weld
withsixsubpasses．Voutchkovetal􀆰[１８] proposeda
surrogate modeltoreducethecomputationalexＧ
pense ofsequentialcombinatorialfinite element
problemsinaweldpathplanningproblem．Kadivar
etal􀆰[１９] utilizedageneticalgorithm withathermoＧ
mechanicalmodeltodeterminetheoptimum weldＧ
ingsequencetoreducetheresidualstressinthin
plates．However,theweldingdeformationandstress
alwayshavetheoppositevariationtendency．ThereＧ
fore,amultiＧobjectivemathematicalmodelmustbe
establishedtoaddressthisproblem．Shojaeefardet
al􀆰[２０] usedanartificialneuralnetworkmodeltounＧ
derstandthecorrelationbetweenthe weldingpaＧ
rametersandpeaktemperature．Ajithetal􀆰[２１] presＧ
enteda multiＧobjectiveoptimizationofcontinuous
drivefrictionweldingprocessparametersusingareＧ
sponsesurfacemethodologywithanintelligentoptiＧ
mizationalgorithm．However,thediscreteandconＧ
tinuousparameterswererarelycombinedastheopＧ
timizationvariables．
　Inthisstudy,afiniteelement(FE) modelofTＧ
jointwiththematerialQ３４５DwasestablishedtoinＧ
vestigatethecontrolmethodoftheresidualwelding
stressanddeformationwithreasonableselectionof
weldingfactors．TheFEanalysesoftheTＧjointmodels
wereconductedaccordingtotheorderofthedesign

ofexperiments (DOE)．Theoptimization matheＧ
maticalmodelswereestablishedbasedontheproＧ
ductionspecificationofthegasmetalarcwelding
process,andtheinfluencingfactorsarethecontinuous
variables(weldingcurrent(I), weldingvoltage (U)
andweldingspeed (v)) andthediscretevariables
(weldingsequence(S)andweldingdirection(D))．
ThemultiＧobjectiveoptimization methodwasused
basedonapolynomialregression(PR) modelanda
multiＧobjectiveparticleswarmoptimization(MOPSO)
algorithmtoobtaintheParetofrontandtheoptimal
compromisesolutions．

２．MaterialsandMethods

２􀆰１．Materialmodel

　MaterialoftheTＧjointisQ３４５D, ahighＧquality
lowＧcarbonsteelthatisprevalentinthemanufacＧ
tureofrailwayvehicles．Thismaterialhasastrong
representationandarelativelyhighreferencevalue
forenterprises．ThechemicalcompositionofQ３４５D
isshownin Table１．ThetemperatureＧdependent
thermaland mechanicalpropertiesof Q３４５D are
gained by the Springer Materials database and
showninFig􀆰１．ThethermalandmechanicalpropＧ
ertiesofthe weldingseam areequivalenttothe
thermalandmechanicalpropertiesoftheregionfar
fromtheweldingseam．

Table１
ChemicalcompositionofQ３４５D (wt􀆰％)

C Mn Si P S Ni Cr Mo Fe

０􀆰０５０ １􀆰４７０ ０􀆰２３０ ０􀆰０１８ ０􀆰００４ ０􀆰０３０ ０􀆰０３０ ０􀆰００４ Balance

Fig􀆰１．　TemperatureＧdependentthermal(a)andmechanical(b)propertiesofQ３４５D．

２􀆰２．Finiteelementmodeling

２􀆰２􀆰１．Finiteelementmodelingmethod
　A TＧjointmodeliscomposedofawebplate, a
flangeplateandtwoweldingseams．TheFEmodel
oftheTＧjointisestablishedformultiＧobjectiveoptiＧ

mizationofresidualweldingstressanddeformation
inthisstudy, whichisshowninFig􀆰２．ThedimenＧ
sionsofthewebplateandflangeplateare１００mm×
１５０mm×４mmand５０mm×１５０mm×４mm,reＧ
spectively．TheregionoftheweldingseamiscomＧ
posedofaquartercirclewitharadiusof４mm．Many
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