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ABSTRACT

TheinfluenceofexplosivechargethicknessonthequalityofexplosiveweldingofdissimilarmetalswasinＧ
vestigated．Thelowerlimitlawshouldbefollowedinthecourseofexplosivewelding．ThreeweldingexＧ
perimentsofstainlesssteel(４１０S)andsteel(Q３４５R) werecarriedoutinthreedifferentkindsofexploＧ
sivechargethicknesses,namely１５,２５and３５mm．Interfacesofmorphologyandmechanicalpropertiesof
threesampleswereobservedandtested．Itwasfoundthatmicroandsmallwavybondingismainlyformed
forchargethicknessof１５mmwhosestrengthisthehighestwithminordeformationandfewdefectsinthe
interface;smalland middlewavybondingare mainlyformedforchargethicknessof２５ mm whose
strengthiscomparativelymediocre; bigwavybondingismainlyformedforchargethicknessof３５mm
whosestrengthisthelowest．Thecauseofhighbondingstrengthofthemicroandsmallwavyinterface
wasanalyzedandverifiedonthebasisoftheresultsofElectronProbeMicroＧAnalyzer(EPMA)testsof
threeselectedsamples．

１．Introduction

　Explosiveweldingwindowtheoryisanimportant
researchperspectiveinexplosiveweldingtechnoloＧ
gy．Theproperweldingparameterscanbeadopted
quicklythroughtheweldingwindow, whichgreatly
reducesexperimentfrequenciesandenhancesthe
qualityofthecladdingplate．
　In１９８３, Blazynaki[１] raisedtheconceptionofexＧ
plosiveweldingwindow．Explosiveweldingwindow
ofdissimilarmetalswasstudiedby manyscholars
includingGulenc[２,３] , whodesignedtheexperiments
ofCuＧTiplatesbondedthroughexplosivewelding
withdifferentparametersandobtaineddifferentmiＧ
crostructuresandmechanicalpropertiestoselectthe
optimumparameter．OnthebasisofpreviousexperＧ
iments, ShaoandZhang[４] carriedouttheoretical
calculationintherangeofexplosiveweldingparamＧ
etersandobtainedtheprimary welding window．
Li[５] obtainedtheupperlimitofbimetalexplosive
weldingparametersbyanalyzingtheheatconducＧ
tiontheory．Theweldabilitydomainofcommercial
puretitanium/AISI３０４stainlesssteelwasdefined
bySartangiandMousavi[６]in２００９,andtheproper

weldingparametersforweldingwerealsopredictedby
it．Zhaoetal􀆰[７] developedexplosiveweldingwindow
calculation(EWWC)procedureanddrewtheexploＧ
siveweldingwindowofTiＧsteelcompositeplateby
VC＋＋６􀆰０．
　Manyscholarswhoestablishedthenew welding
windowsexperimentedtofurtherimprovethequaliＧ
tyoftheexplosiveplates．LysakandKuzmin[８] esＧ
tablishedthelowerboundaryofexplosivewelding,
“PressureＧTimeＧTemperature”．Shietal􀆰[９] conＧ
structedanewRＧδfＧtypeweldingwindow (whereR
isloadingratio; andδfisthethicknessofflyer
plate)onchargeparameterswhichhasstrongpracＧ
ticabilityaswellasaccuracyandishelpfultothe
physicalproductionandapplicationofexplosivewelding
claddingplate．TheresearchesofMendesaetal􀆰[１０]

showedthatthetypeofexplosiveandproportionof
explosivesensitizersaffectthemainweldingparamＧ
eters, particularlycollisionpointvelocity．RaghuＧ
kandan[１１] addressedtheanalyticalestimationofthe
weldabilitydomainforaluminumＧlowcarbonsteel
andcopperＧstainlesssteelcombinations．Ithasbeen
studiedthattheuseofaninterlayerwasproposed
forthecontrolofkineticenergylosstoalleviatethe
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formationofintermetallicattheinterface．
　However,itisinevitablethatbondinginterface
hasflawsbecauseoftheexcessenergyofupperlimＧ
itchargeinweldingwindows．Togetgoodinterface
withoutmelt,explosivechargemustbeselectedacＧ
cordingtothelowlimitofweldingwindows．MeanＧ
while,thelowerchargecanbeobtainedunderthe
conditionthatthemaximumbendingmomentofexＧ
plosiveloadingshouldbebiggerthanthedynamic
yieldstrength momentandsmallerthandynamic
tensilestrengthmomentofflyerplateintheexploＧ
sivewelding[１２,１３] ．InthepracticeofexplosiveweldＧ
ing,thebestqualityoftheexplosiveweldinginterＧ
facecanbeobtainedwithoutconsideringtheupper
limitoftheexplosivechargeiftheexplosivecharge
iscalculatedinaccordancewiththelowerlimitof
thewindow．
　Inthispaper, threekindsofinterfaces microＧ
structuresweretestedbyadoptingSEM (scanning
electron microscope) andEPMA (ElectronProbe
MicroＧAnalyzer), andtheinterfaceswereobtained
withthreekindsofweldingparametersrespectively．

２．ExperimentalMaterialsandMethods
　Inthisstudy,４１０SandQ３４５Rareselectedasthe
flyerplatesandbaseplates．Thedimensionsofthe
flyerplatesare５００mm×３８０mm×２mm,andthe
dimensionsofthebaseplatesare４４０mm×３４０mm×
２０mm．TheweldingparametersarelistedinTable１．
Inthistable,sisthespacingbetweenplatesandδ０

istheexplosivechargethickness．

Table１
Experimentalmaterialsandweldingparameters

Specimen Materials Explosive s/mm δ０/mm

I
II
III

４１０S(２mm)
Q３４５R (２０mm) No􀆰３８ ６

１５
２５
３５

　Thepowderyemulsionexplosivemixedwith３８％
industrialsaltwasusedinexplosivewelding, where
theeffectivemultiindexγ,thedensityρ０andthe
detonationvelocityDkareapproximately１􀆰８, ０􀆰８
g/cm３and２２００m/s,respectively．TherelativeforＧ
mulasbetweenthethicknessofflyerplate(δf)and
theminimumloadingratio (Rmin) orthemaximum
loadingratio (Rmax) canbedeterminedbythefolＧ
lowingequations[８] :
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where,Ristheloadingratiooftheexplosive;ρfis
thedensityofflyerplate; Emin isthe minimum
weldingenergyinunitarea;k０andR０areconstants
ofexplosiveproperties;κ,candtmparethecoeffiＧ
cientsofheatconduction,thespecificheatandthe
meltingtemperatureoftheweldedmetals;andvsfis
thesonicvelocityofflyerplate．
　Inthisexperiment,threedifferentkindsofexploＧ
sivechargethicknessareselected:
　 (１)SpecimenI:δ０＝１５mm, whichisthelower
limitchargecalculatedbyEqs􀆰(１)and(２);
　 (２) SpecimenII:δ０ ＝２５ mm, whichiscomＧ
monlyusedinindustry;
　 (３)SpecimenIII:δ０＝３５mm, whichistheupＧ
perlimitchargecalculatedbyEqs􀆰(１)and(３)．
　Theschematicdiagram ofexplosiveweldingis
showninFig􀆰１(a)．Theflyerplateisaccelerated
withthedetonationofexplosiveintothebaseplate
tocreateanatomicbonding．Fig􀆰１(b) showsthe
threecladdingplatesafterexplosivewelding,correＧ
spondingtothreedifferentexplosivechargethickＧ
nessesrespectively．InFig􀆰２,thesamplingposition
ofmicrostructureandmechanicalpropertytestshas
beenshown．Nos􀆰１－６aremetallographicsamples
ofmicrostructuretests, Nos􀆰７and８aresamplesof
sheartests, Nos􀆰９and１０aresamplesofimpact
ductilitytests．

(a) Explosiveweldingdevice; 　 (b) Threecladdingplates．
Fig􀆰１．　Schematicdiagramofexplosivewelding．

Fig􀆰２．　Samplingpositionofmicrostructureandmechanical
tests．

３．ResultsandDiscussion

３􀆰１．Microstructuretestsofinterfaces

　OnthebasisofthepreＧtest, interfacesofsix
samples, whichareselectedfromthreekindsofexＧ
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