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ExploSiveweldingofthinmetalplateontoabaseplate

usingregulatedunderwatershockwave

-ASapplicationforsurfacemodificationofvariousmaterials-

K82iuyukiHoknmoto士,Ya8uhiroUjimoto**,
ShojiroOhama***,andMashiroFujita****

AnovelexplosiveweldingtechniqueusingregulatedunderwaterShockwaveisdevelopedand

thepossibilityfortheApplicationisdiscussed.Thea88emblyisusedtoaccelerateathinmetal

plateuniformlyatahigh velocitytosatisfytheconditionofexplo8iveweldingSyStemS.lnthe

presentinvestigation.AhighexplosiveSEP,(detonationvelocity=7.0km/8),isemployed.
Consequently.8ninc)inedSet-upangleoftheexplosivepackingi8requiredtodecreasethe

horiZOnt8lcollisionpointvelocity.SincethereliabilityandbondingSLrengthfortheexplosively

weldedjointareveryhigh,thepresentmethodcanbeeffectivelyusedtornodifythe8urfaceof

variousmateri818.ThinplatesareWeldedsuccessfullyandmulti･layeredexplo8ivewelding18

alsosuggested.Fortheexplosiveweldingofmetalplates,wavyinterhce,ach8raCteri8ticfeature,

isobservedatthebondedinterface.NonetheleSS,thesi2:eSOfthewavesVaryfromthedetonation

locationtowardsthefartherendortheplates.ThisiSCau8edduetothedecreaseintheShock

pre88ureappliedtothenyerplate.Thesuccess0ftheexplosiveweldingprocessishighly8en8itive

totheweldingambienceandhencetheparameters8houldbecarefullySelected.Explosive

weldingordimculHo･weldmaterialsisalsoreported.

1.lntroduGtion

ExplosiveweldinglSWellknownasoneorthe

techniquesforbondingmetalplates,andvarious

explosively･Weldedclad8havebeenindustrialized

widelyduetothehighbondingStrengthatthe

weldedinterfacelI.A8aPurposeOrincreasingthe

applicationsortheexplosiveweldingtechnique,a

newmethodutiliZiingunderwaterShockwave2川

toaccelerateathinmetalplateiSproposed.Ⅰnthe

presentmethod,ahigh explo8iveisemployedto

accelerateaflyerplateWithaShortStand-off
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distancebetweenplates.Hence,theinclinedSet

upbecomesmandatorytoregulatethecollision

pointvelocity.butthen,thecontroloftheproce88

parametersforuniformAndSuCCeBBfulbonding

becomesincrea81nglydiLrICult.

UnderwaterShockwaveexplosivewe一ding

techniqueisveryu8erulinweldingvarious

difficult･Lo･weldmaterialsSuchaBmet.alwith

ceramic2landwithotherbrittlematerials.The

presentinvestigationdealsWiththebasic

characteriBtic80fthe88BemblybasedonthereSult8

Obtainedfortheweldingormetalplates.Various

Possibilitiesfortheapplicationofthenewexplosive･

WeldingtechniqueAredemonstrated.Sincethe

presenttechniqueh88Anadvantageofwelding

thinplatesOntoabaseplate,thepo88ibilitie8for

surfacemodificationofvariousmaterialsare

SuggeSted.

2.Experimentalprocedure
Theschematicillustrationofthe88BemblyiB
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Fig.IA8Semblyusedfortheinvestigation.

showninFig.
LTbs

atisfytheConditionorexplosiveweldingsystem.t

heexplosivewasBet8tASpeCi丘edinclinedangleα.

Inthepre8entinvestigation,SEPexpl

osiveproducedbyA8Ahi-KaSeiCorp.,whosedetonat

ionvelocityi87.0km/8,Wasemployed.varyingthed

i8tanCebetweenexplosiveandthecenterposition

ofAnyerplate(D)controlsthepre88ureap

pliedtotheplAte8.Thehorizontalcollisio

npointvelocity,Vc(Fig.1),Shouldbelowerthan

the80nicvelocityofthemllteria1880a白tOgeneratemetaljetaheadorthecollisionpoint

''.7～0050002500([･S･ul)3̂.倉gt｡̂lqu｡.2.A

I0o 20o 30oⅠmclinedAn旦te,α

Fig.2Changeorcolli8ionpointvelocity

Vcwithinclinedangleorexplosiveq 2I. Figtlre2

8how8thevariationorcollisionpointvelocity(Vc)

withinclinedangleorexploSiveα2I.As(1=20O

intheseexperimentsVcisapproximately3.8km/8bas

edonFig.2.ilndthisconditionfavorstheforma

tionormetaljetTormostenglneenngm爪terinls.Fo

rconventionalexplosivewelding8y8tem8usingpar

allelplate8et･up,ammOnium･nitmtebasedexplosive

(detonationvelocity=1.6to2.5km/8日semployed

い,andiLismuche88iertogeneratemetaljet

toachieveAnintensivenowormateria18tObewe

ldedwhichre凱Iltsin8formationoflarge

waves.ThoughthehighVcinthepresent888embly

renderstheformationorthemetaljetorwave

formationdifrtcult,italsoenablestheweldingorthi

nplateontoabaseplateeasyduetDtheforma

tionorr]nerwaves.SorAr.afewresearcheshaveb

eenreporteduslngconventionalparallelSet･up

fortheexplosiveweldingorflthinplateOntoa

baseplateusingathicknyerplateon即nallybonde

dwithathinplatebyadhesive州,butiti8Verydi

frIculttocontroltheparametersinthisprocess

duetotherollowlngreAS0n8.(1)UnSt8bledetonati

onvelocityortheAmmOnium･nitrELteb88eeXplo8ive小,

and(2)theformationorlargewavesWhos

eamplitudeexceedsthethickness0rAthinplateempl

oyedSI.TheexperimentfIIconditionsarelistedin

TableI.In80meexperiments.athincopperplatew

asweldedontoami)dSteelplatetoe8tabli8ht

heeffectortheinclinationortheexplosive.Also.

thepossibilityormulti･layeredexplosive

weldingwasdemonstrateduSi叩8taCkedthin-platesat



Table1Experimenhlconditions.

Number FIyerphte Coverptate Baseplate Stand-of
f D(Thiekne88) (Thickne8S) 払engthxthi

ckneSS)CMCCMMAZ″rsTTSCTS Copper Stain]e粥Stee1 Mild8teet 0.5mm0.5mm0.3mm0.5mm0.5mm0.5mm0.5mm 40mm45mm50mm45mm40mm40mm40mm(0.1mm) (0.

1mm) (80mmX5mm)Copper Sta
inle888tee1 Copper(0.1mmX5

) (0.1mm) (80mmx5mm)Moly
bdenum Copper MildSteel(0.05mm) (0.3mm) (80mmX5mm)
Aluminum Aluminum Zircon

ia(0.1mm) (0.3mm) (40mmx40mm)
Aluminum StainlesSStee1

JISSKDl1(0.1mm) (0.1mm) (50mm
X30mm)Titanium Stainle8SS

teel JISSKDll(0.1mm) (0.Imm

) (50mmX30mm)Copper StainleSSSteel JISSKDl

l(0.1mm) (0.1mm) (50mm

X30mm)5 g -艶 讃 莞 莞 雲!_.､⊥こ丈

LJ -i.･ 寸 .I==20トImFig.3WavyStructurefoundincopper/mildsteelinterface

(#CM).differenceintheplateVelocityind

ucesthedifferenceinthewfIVelengthwithhorizon

taldistancex(Fig.4)whichismeasuredfor

asample#CM.Theme88uredwavelength8howSdeviat

ionwithaCertainintervalfrom8solidaverageline

,anditi8COn8ideredthatthedeviationi6generat

edduetotherenectedwavespropagatedintheplate

s.Theexplosivewe]dingormulti･layeredplateswa

sattemptedI)y8tACking80meplatesatafixed

SLand･offdistance.Fivelayers0fcopperplate

sWere8uCCe88fullywelded,withpost･weldinterracial

waves(Fig.5).FinalinterraccinFig.58how

Slargewave8i2ieduetot

hevariationintheinitialexperimentalconditions

n･Figure68howSanillustrationoftheweldA

bilitywindowbasedonthepreviousinvestigati

onSり RI･Otherthantheconditionformakingmetaljet, whichisstronglyrelatedwithVc,upper

Andlowerweldinglimitsexist888howninthefi

gure.ExcessiveenergyreBultSinexce88ivemeltin

gtocausedegradationorthebondingcharacter

i8tic8.andlowerenergyre8ult8innon･bondingd

uetothelackofenergyforanintensivedeforma

tion.Closetothelowerlimiti8aWeldAbilityre

gionShowingplanarinterfacen.hourexperiment

sthewholeareai8

Withinthefavorableconditions0rexplosivew

elding.Incaseoftheexplosiveweldingofmolybd

enumandmildSteel.thewelding1881igh

tlydirrlCultwhich8how8partiallybonding(#MM).T

hemicro如ruCtureOftheregionveryclosetodet

on8tOrshowsbondingwithwaVe8aBShowninFig.7

(a),buttheregionfaraWflyfromthedetonatOr

(endside)is
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4Changeinwavelengthw ith

horizontalpositionforsample
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Fig.
5Schematicillustrationof

weldabilitywindow.

componentmolybdenumdoesnotfavorthe
rorrnati
onormetaljet,theweldingisnotachievedforthe



Fig.8 AppearanCeOrexplosive一ywelded

aluminum/zirconifI(#AZ).methodh耶beenpublishedelsewhereindetai18

2㌧Figure8showsthea

ppearanceOfthealurninum/partially馬tflbi

lizedzirconiaWelded8uCCe8Srullyfor10mm)

engthand30mmwidth.andsuchlargerareahzl8not

beenattemptedyetuslngexplosivewe一dingtechniqu

e.Asnotdeformationisanticipatedinthe

cemmicplateAplanariJlterfaceisproduce

da8reportedearlier21.sincetheformat

ionortlndulatiollSAttheinterfaceinducescmck

BillthecerFLmicplates,theweldingparameters

Shouldbe8e]ected8088tOproduceaplAnarinterf

aceAndtheweldtlbilitylengthi8limitedwhileu8i

ngtheinclinedexplosive88BembJy.Theupperlim

itofexplosivewelding(Fig.6)i8unattanablefo

rthepre8enLcasebecausetheproblem8inducedbyexc

e88iveenergyarenotonlybroughtbytheexce

BSivemeltingasalreadymentionedinttleWeldin

gormetalplates.Inthiscase.theformationo

fcraekSinaCeramicblockunderahighpre88ure

Iimit8theSuCCeSSrulwet(ting.andtheco

nditionforcrackingstronglydependsuponthe888emblya

ndthematerialsused.Theuseofmomentum･tmp

blocksandthethickbaseplateenablesSuCCe88

rulweldingofthemateriAIswiLhoutdefects2㌧b

utthequantitativeanalysis0rtheweldconditions

isdiErlCulLActually.therAVOrableconditionlbr

crack8bdevelopisoftendifferentevenTorthe

experimentsusingthesameSet･up.Further,theme

chanicalpropertyortheceramicblocki8remarkabl

ychangeddependingupontheproductionlot.Theq

ualityoftheceramicsespeciallythefmcturetoughnes

s.should,therefore.behomogeni2:edinruLuretoge



Fig.10Weldedinterfaceofaluminum/SKDl1(a

)andcopper/SKDlI(b).wavyinterfaceincoppe

r/SKDlIjointshouldalsobenoticed,becausethea

lloyedtoolsteelSRDl1hasbeenfullyhardenedandnormallyshowsno

plasticdeformation.S

incetheformationofwavesi8theevidenceofal

argeplasticdeformation,evenhrdenedalloytool

SteelshowsPlasticdeformationatAnextremely

high･Strain･mtephenomenaunderconditionsofver

yhigh pre8Sure.4.ConclusionsAnewm

ethodorexplosiveweldingusingunderwat.ershockwavei8introduce

dandthepossibilityoftheweldingorathi

nmetalplateontovariou畠diLrlCult-tOIWeldmat

erialsissuggested.Theexperimentalconditi

onsshouldbecarefullychosentosatisfytheweldabilityr

equirements.Someoftheexperimentsdemo

nstratethatthepresentmethodenablesthewe

ldingorathinmetalplateontoceramicsor

othermaterialsoflowductility.KayakuGakkaishi.VoL63.No.5.2002 Since

thereliabilityofthebondingstrengthfortheexplosivelyweldedjointi

squitehigh,thistechniquehasgoodindus

trialpotential,eventhoughtherangeofthet

hickne880fthemetalplatesislimitedatp
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