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PulSelaserlgnitionofasmallamountorSecondary

explosivepowder

KouheiMurakami◆,Kazunarilnou一,MotonaoNakahara●●,Shir°Kubota●●●,
andKunihitoNagayama◆

La8erinducedignitionofSecondaryhighexplosivechargewillbeoneofthepromisingmethod

otsareandreliablewayofignitionorhigh exploSiveS.Thepresentmethodi8basedonthe

energyconver8ionFromthepulsed】a8erenergytOhigh pre88urehightemperatureplasma

generationbypulselaserablatiDnOfthinmetallayeradjacenttoexplo8ive.Methodi8also

ba8edonourrindin卵thatveryemcientenergyconversionproceBSfromopticaltomechanical

takeSplacebyintentionalrougheningoftheSurfaceofatransparentmediumthroughwhich

laserbeampropagates.

SomeortheuniquefeatureorthiSStudyareasfollow8:(i)avery8m811amountofPITrNof3

to15mgiSused,(ii)explosivethinlayerissandwitchedinbetweenthePMMAplates,whose

thickne88isalmost500pm,and(iii)thelaserfocusedsurfaceisintentionallyroughened.

Nd:YAG)aserbeamW88focusedthroughaPMMAplateorroughenedSurrACe,WhichSimulate8

experimentallytheuseOrplasticopticalrlber.initiationprocessWASObservedbythe8treak

photogrAphyortheselr･tuminouswavefrontinPETNa8WellasthepulselaserShadowgraphy

ofthehigh･amplitudeStressWaveinPMMAmediuminducedbythedetonation.

1.lntrodu¢tion

lnstantaneOuShigh tenperaturehighpressure

statecanbeachievedonthesolidsurraceby

rocuslngVeryintenselaserbeamOnit.Thisresults

inanexplosiveburstofplasmaandparticlesfrom

theSurface,andthephenomenaiscalledlaser

ablation.Thisi8OneOftheprocessesthatthelaser

pulseenergycanbeconvertedtootherformof

energyveryefrleicently.UltrahighpreSSure畠tateS
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attainedbythisprOCe8Siscon8ideredpromi8ing

a8ascientifictooltoStudythesehighenergy

densitystatesandit88ppIicationS.Physical

proce88eSSubjecttothe188erirradiationis

con8ideredtobequitedifferentbyvaryingthe

thickne閃OfthelayerOnthe8urraCeOrWhichlaser

beamisfocu8ed.

Severalauthor8havepubli8hedworksonthe

laserinducedignitionofvariouskind80fexplo8ive畠

andinvariouswayS･1'RIsincemoatOrtheenergetic

materialsarealmosttransparentforwiderange

orlightwavelength,veryintensel舶erintensityis

nece88aryforthedirectinitiationoftheexplosive

bylaserfocus.InthisSense,80mekindofenergy

conversionmethodfortheexplosivetoabsorban

appreciableamountofenergytotheexplosivei8

necessary.InthecaseOfathickmetalliclayer,

high-velocityfoilcanberealiZ;edbytheh8erfocus,

whichmaybeusedtoinitiateeXplo8ives.lI

IncaseofthinnermetallayerOfthethickneSB

oflessthan1pm,8blationtake8place.lnthis

case,hightemperaturepl朋mainsteadofroil爪yer
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isgenerated.WeareStudyingthefeasibilityof

applyingthesamephenomenatOtheinitiationof

highexplosivechargewithoutdangeroraccidental

explosionbyelectricalnoise.Accuratetimingof

initiationcanbeexpectedbytheproperchoiceof

energydepositionmethod.Inthisapplication,

infraredandnBduration188eriSpreferable,

Furthermore.particle8i乞edependenceonthelaser

initiationsensitivityhasbeenreported･'･2)coarser

explosivepArLicleSAreroundtobelessSensitiveto

thelaserinitiation.

Inthisstudy,weproposeanewenergy

depositionmethodonexplosivethroughthe

generationorhigh･temperaturemetalpl88m8due

tothepulse188erablationofvacuumdeposited

thinmetallayerOnaroughenedpolymersurface.

DuringthecourseOrthi8WOrk,wehavefわundan

enhancedabsorptionofpulse188erenergybya

roughenedsurface/'･"A88result,high･preSSure

shockwavegenerationwA8eVidencedinan

ambientmedium byusingthelaserShad-

owgraphytechnique.StrengthofShockwave

producedintheseCOndition8i8furtherenhanced,

ifathinmetallayeri8depositedontheroughened

Surface.InSuchca8e8,188erenergyLranSferto

thedesiredpositionmightbemadethroughuseof

plasticorg18880PLicalriber.End8urfAceofthe

opticalfiberiSintentionallyroughenedandthen

metallized.

Inthisreport.WehavepresentedStreak

photogr8ph80fluminou8re8Ctionかont.AndSeveral

shadowgrAph8tOShowthegenerationofhigh

pressure8hockwaveinthecontainermaterialor

explosive.Accelemtionordetonationwavefront

withpropagationiB8180di8CuSSed.

2.E叩erimentsanddjscussion8

2.1.Laser8hadoyrgr叩hyofthedetonation

inducedstressyr8VeSinPHMA

Although previou8reports0nthelaserIgnition

statedthatfinerexplosiveparticlei8preferablefor

thelowenergythresholdor188erinitiation,PETN

powderwehaveuJledwasabout100pmingrain

si2:e,WhichareProvidedbyASahichemical

industry.LTD.Quantityortheexplosive,and

confinementgeometrya8Wella8theinitialdensity

oftheexplosivei88upPO8edtobeimportant

parameters.Wehaveu8edAnextremely8m811

amountofexploSiveof3･15mgorPETN.Dueto

thissmallquantityofSpecimen.estimatedinitial

densitymayhaveratherlargeerrorOflO･20%.

QuantityofPETNpowderusedinanexperiment

ischosentObelimitedtole8BthanlO･15mg.

Th)icalvalueoftheinitialdensityofPETNpowder

inthisexperimenti80･6toO･9ど/cml土0･1ど/cm･1･

WeexpectedthtverycloseCOnfinementofthe

exploSivemightbeeErectivetoleSSenthethreshold

energytoinitiation,SinceSm811amountOreXpl08ive

seemstoincreasetheI.hre8holdvalueofinitiation

energyduetothele88Chanceorgeneratinghot

spots.InthisStudy,thinexplosivelayeri8

sandwitchedbytwoPMMAplates.throughoneof

whichlaserbeamfocuBe8.A8explained,thel88er

focusplanewasintentionallyroughenedand

aluminized.

Ⅰnteractionofthehigh･energydensityplasma

withhighexplosivei8thekeyortheinitiation

proce88.WehaveteBtedtheinitiationtestOfPETN

powderchargedintoverythinhyerOr0.5mmto

Fig.1 Experim



diameteranduserenerw.Although thickne880f

theexplosivelayerisverythinandtheparticle

Si之ei8relativelylarge,explosioniBObservedfor

thelaserfocusOntolessthan2mmdiameter.

ExplosioniSdeterminedbytheStreakrecordor

Selrluminousfrontpropagation.sound,Smell,and

broken888emblieS.In80meCa8e8.incomplete

detonation,hal一detonationwasObserved.Itis

foundthattheresultscannotbedescribedbythe

lasernuenCe.

Fig.2町pica18hadowgraphorthe8treSSWavepat
terninducedbythephenomena.Threewavefronts

canberecogniZied.LaSerbeamCOmeSfrom
leftβide.Delaytimeafterlaserirradiationi

S1168ns.Figure28how8thetypical8had

owgraphoftheinducedhighpressureStre88Wavesi

nPMMA.SHGorNd:YAGlaserof12m8

W88usedaSalightsource.WhichWAStriggere

d8ynChroniヱedwiththeablationlaserirmdiation

withadefinitedelaytime.Ablation188erbeamcome

sfromlhsortherlgure.Threewavefrontsare

Seen,twoin]hSPMMAplate,oneinrh8PMMAplate.A

Se88ilyrecogniZiedbytherIgure.thesethree

wavefrontpositioni8ShiftedSlightlywitheachother.ThemostthinraSte8t

fronti8Createdbythelaserablation.while

theothertwoareCausedbythedetonationorPETN

powder.Sincewehaveusedasmallapertureinsi

detheoptics0fshadowgraphrecord,darkregionbe

hindthewavefront8ugge8t8thathighAmplitude8tr

eSSrleldiSinducedbythedetonation.Thefir8t

8tre88WaveWasinducedbytheablationofmetaHayer

atthepulselaserinput,andthiswaveprop

agatesOnlythrough thePMMAplateofthelaserfocusedside.Corresponding8tre88Wave tothelaserbeamdirectioncouldnotbeobserv

ed.Thisresultmaybeattributedtotheracet

hathigh･temperaturehigh･pres8ureplasmagener

atedbylaserablationmayactasapi8tOntOpr

eBSthelowdensityPETNpowderStronglytothePMMAwall

ortheoppositeside.Thismaytaketime
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Fig.4 Experimentalsetupforthestreakshadowgra

phytoobservethewavepropagationalon

gthethinexplosivelayer.Fig.5Streakphotographofdelayedandaccelerated
detonationfrontp

ropagationinPETNpowderof10mg.Nd:TAGlas
erpulseof180mJisfocuSedtoaboutI.5mmdia

meter.explosivelayerFigure48how8the

SchematicdrawlngOfoneofthetypical888embly

toobservethepropagationofradiantreactionfrontalongthethinexpl

osivelayer.Inthisassembly.laserbeamIg

nitesthebottomreponoftheexplosivetoSeeth

eproceedingsorthewaveupward.Figure5Show

satypicalexampleofStreakphotographofSelf

emissionduetolaserinducedreactionofPETNthinl

ayer.A8SeeninFigs.2and3.detonationreactio

niBfoundtobedehyed2001300n8afterlaserablati

on.Inthephotographs,intensena8hduetolas

erablationi8recordedinthestreakphotogT･aph

,sincethelightintensityofablationi8brighte

rthantheselfemi88ionordetonation.Clearevidence

ortheFrontvelocityaeeelerationwithpropagationisobta


