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Effeetandapplicationsofconvergentcollisionof

metaljetswithextremelyhighvelocity

RyuichiTbmoshige',AkioKira',MaSahiroFujita*,KazuyukiHoknmoto**,YaSuhiro
Ujlmoto***,andAkioKato*

Newexperimentalapparatuswa8developedforgettingextremelyhigh Shockpre88ure.The

Apparatu8utili2:edconvergentcollisionofmetaljetsgeneratedbetwt!enaconicalconcavemetal

blockandmetalflyerplate.ThatiS,Sincetheplatei8acceleratedtowardthemetalblockby

detonationofplasticexplosive,metaljet8WithhighvelocityarelaunchedfrompointsWherethe

nyerphtecollidedwiththemetalblock.As thecollisionpointsareOnaCOnCentriccircleof

surfaceoftheconicalconcavemetalblock,metaljetsarelaunchedtowardcenterportion,

reSultingintheconverglngCOllisionofthemetaljets.Fromrelationamongflyingvelocityof

theplate,travellingvelocityofthecollisionpoint,anddeformativeinclinedangleofthenyer

plateinaccordancewiththedetonationofexplosive,80meOfcalculatedreBult母Werederivedfor

estimationforgenerationlimitofthejetting.Iflaunchingvelocityofthemetaljetsattains&t

anOrderof10000ms'1,aheadl0nCOlli8ionofthejetswillgeneraterelativevelocityofabout

20000m ら-).Therefore,thehigh velocitycollisionmayleadtogenerationofextremelyhigh

8hockpressure,forexample,AnOrderofTPa.

1.lntrodu(】tion

ExploSivelyShockpre88urehasbeenutiliZ;edin

afieldofmaterialscience.Forexample.powder

compactionandexplosivelycladdingtechnlque8are

typicalin8tanCeSforitt･3)･Especially,theexplosive

cladding,whichcanjoindifferentkinds0f

materials,hassomeunlqueproperties,i.e.

formationofwavyinterface,AndjettingAtinterface

duringjoining.Itisalsowellknownthatthejetting

plays8nimportantroleonformationofStrong

JOlnlng8trengthoftheinterface.Namely,jetting
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phenomenonhaseffectsofcleanlngOfinterface,
andmeltingofmaterialSurface,and800n.

Now,Sinceshockpre8Buredepends0nparticle

velocity,highparticlevelocityleAd8tOhigh Bhock

pre88ufe.Oneh舶eVerbeenSuCCe88fulingetting

high pre8BureOftheorderofGPa.However,itiB

requiredcomplexequlpmenttOgetthehigh

pre88ure,e.ど.tWO･Stagelightgasgun.-1Though it

isnoteasytogetsuchahigh pre88ure,itiBVery

importanttoresearchproperties0fvarious

materia18･Consequently,werequireddeveloping

aSy8temtOgeteasilyhigh pre88urebyusing

Simplerequlpment.

Here,itmaybeeuectivetoutiliZ;etheexplosively

cladding町8temforgettingthehighpre88ure,Since

theSy8temgeneratesthemetaljettingwithhigh

particlevelocityinmostofcA8e88Bmentioned

above.

Inthispaper,anovelconceptwillbeproposed

todevelopageneration8y8temforobtaining

extremelyhighShockpressurebyutili乙inga

double･layeredmetalcladding8yBtem in

accordancewiththejetting.lnaddition,an
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experimentalinstancewillbeindicated.

Fig.1Schematicillustr

ationoftheextremelyhigh･prt!SStlregenera

tionApparatu8.2.Experjmentalapparatus

Figure1showsaSChematicillustrationorthe

extre



90o-(CrPrZ)B'Fig.3Schemeofdeformationbe

haviorofDyerplate.ratioofDyingvelocityofthep

late,VI～tOthedetonationvelocityoftheexplosiv

e.VL>Bytheway,Cowanetal.57consideredthatave

locityvectoroftheplatecorre8pOndBtOthed

irectionofbi8eCtOrOfangleformedbetweenbeforeAnda氏ertheplate

deformed.Then,the

yderivedthedeformativeinclinedangleaSfollow

8,p-2S･･"鳩 , (I,Now,letuSCOnSideraSitua

tionthattheplatewithavelocity,Vp,collideBw

ithaSurfaceoftheconcavemetalblocka8Show

ninFig.3.Wea88umethattheplate,Whichi

BeXpre88edbyaSegmentABCatagiventime,moves

tO8egmentAB'C'inaccordAnCewithacollisionoft

heplatetowardthe8urfaceofthemetalblockafter

∠lt,andthatthedh:ectionofthevelocityvector

oftheplatehardlychange8.Here,V/andV2areAtra

vellingvelocityofthecolli母ionpoint,B,anda

relativevelocityofVptoVl,respectively.Inaddi

tion,IうAtandlr,Atcorrespondtoaflyingdi8tanCeOf

theplate,andatravellingdistanceOfthecollisio

npointduringAもrespectively.Sincethevecto

r8,VJ>V/andV2,formatriangle,thefollo

wingequationi8Obtainedaccordingtothelawof8ine.

蒜諾完 -劫 -両者二部 (2)F

romanadditiontheoremoftrigonometricalfunction

,v･-蕊 "I yL-藷 か (3,AccordingtoCowan'8theory,
jetvelocity,VJ.i8obtainedbyβumOfVlandV2.Thus,VJ
i8derivedfromfollowingequation,

)nj=VL+V-一両 訂lcos
昔

+cos(a-
i)jv
p
(4)
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･0 5106･0 7･0 8･0 9･OMovingveloc

ityofcoLHsionpoint,VI/kms･lFig.4Crit
icalangleforcalculatedjettingandcolli与

ionvelocityBytheway,launchofthejets

doe8notOccuralwaysunderanycondition.Thecolli

8ionAngle,α-β,mt柑tbemorethanalowe
rlimitanglefortheoccurrenceofthejetting

whenVli8relativelyhigll,Here,Cowan8tal.pe

rformed80meexperimentsbyu8ingparallel8et･

upCOmbimingvariou8metalplateB.Thecalculatedva

lues0ntheba8i80ftheexperimentalre8ult8are

ShowninFigure45),whichillu8trate8a8arelatio

nbetweencriticalangle8forgenerationofthejet

andthetravellingvelocityofcolli8ionpoint.Th

isfiguremeanstht,forexample,ifthetravel

lingvelocityofcolli8ionpointi86000mBllin

caseOfcopper･coppercombination,theAngle,P
,mu8tbemorethan9.5degreetoocctlrthejetti

ng.Thu8,thejettingwilloccurontheleft･hand8ide

ofthecalculatedcurvesinFig.4.Moreover,lowe

rlimitofthecolli8ionangleforagivenV,
(mall),whichwaseSt

imatedfromtheexperimentaldatainFig.4,i8derived



Table1Calculatedvalues0rVelocityofmetaIjetataconditionorV,=1000【ms'.]
andP=8.192【degreeJ.

α′リ V,lh7/SJ V.lh/sJ a,.lmas8%Ja.lmass%J t{.lh/sJ V.l
h2/SJ15 8414

.220 4874.3 4699.7 0.0106 0.

989 9574.1 174.5725 3449.4 3230.6 0.0

214 0.979 6680.0 218.7930 2684.9 2421

.4 0.0358 0.964 5106.3 263.5835 2211.

6 1902.5 0.0537 0.946 4114.1 309.1340 1892.4 1536.8 0.0751 0.925 3429.2 355

.6345 166′1.8 1261.5 0.0997 0.900 2926.3 403.31Tab一e2Calculatedvalues0fvelocityofmetaljetata

COnditionofV,=1500【m811]andβ=12.30【degree1.α′リ tr,lh/sJ V,lh/sJ mjlmaSS%JLZ7.lmaSS%J t1

.lh/sJ V.lh/SJ15 13659.520

11130.825 6783.730 4905.3 4512.4 0.0237 0.976 9417.7 392.

9135 3864.6 3404.5 0.0387 0.961 7269

.1 460.0640 3208.3 2679.9 0.0573 0.943 5888.3 528.3945 2760.6 2162.3 0.0792 0.921 4

922.9 598.22Table3Calculatedvalue80rVelocityofmetAljetataCOnditionofV,=2000lmB●-I
AndP=16.43

α′リ tr,{m/sJ V,lm/SJ mjlmaS6%)n7.lmaS6%)

T4lm/sJ V.lm/SJ1520 3178

9.725 13283.530 8436
.
5

35 6215
.
75606
.
3

0.0260 0.974 11822.0 609.4040 4950.3 4251.5 0.0417 0.958 9201.9 698.77

45 4139.2 3349.4 0.0609 0.939 7488.5
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a-p-一志 (V1-4000)･dcgrcc) (SJ

whereq>β.Here,Somevalues0fVJCalCulated
fromequation(5)arelistedinTablesIto3.The

calculationwasperformedforVp=1000m8-㌧1500

m 8一land2000m8●L.InthetAbleB,V8mean8a

velocityofslugofthenyerplate.Somecurvesfor

thecalculatedjetvelocityarealsoShowninFigure

5.TheseresultsSuggeBtthatanoptimumconical

angleexi白tS.Forinstance,becauseiti6Speculated

thatmaximumofthenyingvelocityofplatewill

bearound2000ms■',itisexpectedthatthefastest

jetve一ocityofaround12000m8-Ii8Obtainedatthe

conicalangle,α,ofaround30to35degreeinthis

calculationcondition.

Now,itisaBSumedthatanobjectMIWitha

glVen8hockvelocity,U,,collideswithanother

objectM28trestaSShowninFigure6.Relation

betweenshockpressure,P,andappliedtimeof

shockpressure,At,isexpre88edaccordingtothe

conservationlawofmomentum88follows,

p,U,At(a.,･ut)=(P,･P2)At (6)

ULAt

Ml M2

uJ u2UJ,PJ,PI-0 U2,P2

,PZ/ ＼Shockfront ShockfrontberorecoHision af

terco=sionFig.6Schematicillustrationforexp
lanationofconSerVationlawofm

omerLtum.wherepanduaredensityandparticl

evelocity,respectively.Subscripts1and2are

derlnedfornyingandshocklloadedobject8,respecti

vely.Here,sinceMlhasnoshockpre88urebefore

collision,P_,,

isgIVenaSP..=p,U,(uJ-u2)

(7)Now,letu8applyEq.(7)toa

caseOftheexperimentalapparatusinthisStudy.At

fir8t,thevelocityofthemetaljets(12000m8-I)

i8regardedaBPArticlevelocityindicatedinFig

5.Wealso888umethatthesamematerialsareusedasMl andM2,Here,whenahead･oncollisiono

rthemetaljet白OCCurSAtCenterOfthemetalblock,

a,becomeszero.Therefore,Shockpre88ureObtain

edbyhe8d･Oncollisionofmetaljets

isglVenbyP2=pIUlul

(8)Here,a,i8BumOfsoundvelocity,

C,,andu,.Thu8,fromEq.(8),aneXpreBSionforsho

ckpre88ureatthehead･oncollisionofmetaljetisderiveda

Sfollows,P,-pc,･L,+pl･,'
(9)lnaddition,we88Bumethatmetalcop

periSu8eda8ObjectMwhosedensityiBabout8900

kgm●｡.ASaresult,itisfoundtobeobtainedext

remelyhighshockpressureinorderofTPa(10L2pa

)fromonlythesecondtermintherigh七･handsideo

fEq.(9)atleast,though thesoundvelocityclatthattimeiS

u

ncertain.4.2Experimentalresultsofgenerationof

rnetaljetsFigure78howsanouter

view oftheexperimentalapparatususedin

thi8Study.Figures8(a)and(b)showtheapparat

ustOWhichShockpre88ureWasappliedanditsSecti

onalreglOnofthemetalblock,respectively.The

experimentwasperformedbyusingaluminu

Jn-titaniumcombination8yBtemaSmentioned

above.Thesectionalviewwastakenfromcenter

axisreglOnofthetitaniumblock.Itwasobserve

dthat80meofmetaljetsweretrappedintheneig

hborofthecenterAXie.Wh entheinterfacebetwe

enaluminumFig.7Photographofoutervieworthe



Fig.8PhotographsorcrosssectionalregionofthemetalblockafterShock

loading..FLd＼倉sttaltTt 35 40 45 50 55 60 65 70
75Difrractionangle/degree

Fig･
9Ⅹ･raydirrraCtionpatternfro minter一aceOrLhe叩eCimen
obtainedafterShockwasapplied.

andtitaniumw88investigatedbyX-ray
diffractometry(X･ray80urCe:Cukq.
Rigaku
Corporation.
Tokyo.
Japan).
TiAl,intermetallic

compoundwasdetectedaccompanylngWith

aluminumAndtitanium888IIOWninFigure9.
Thismeansthat8reactionaccompaniedwith

shearingandfrictionoccurred,w
hilethe

Aluminumnyerplatecollidedheavilywiththe

titaniumblock.
Inaddition.at
hickanvil(seeFig.
1)w asrr8CtureddueI.oI.
hecolli8ionofthemetal

jets.
Itw88COn8ideredthfltthelaunchedjetswere

convergedoncenteraxis,
thenwerespouted

downwardalongthe10mm･centerholeoftitan
iumblock.IL



produceextremelyhighShockpressurebecause

theshockpressuredepends0mparticlevelocityof

themetaljets.InthisSystem,Optimumconical

angleinthemetalblocktogethighjetvelocityi8

present,e.g.30to35degreeJrthemet81jetshave

particlevelocityorabout12000ms◆',iti8expected

thatextremelyhighShockpressureoranOrderof

TPaisobtained.Inaddition,thishigh･pre88ure

generationBy8temmayincludepo88ibilitieStO

producenovelalloyorhigh･pre$8urephase.
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