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NumericalBinulationof8hockattenuationinPMMAgap

At8umi MIYAKE●,ShigekiMORl●,Tbru8higeOGAWA',

andYujiOGATA.I

NumeriCalBimulationof8hockpre88ureprO創e8through PMMAppw88Carriedoutusingthe

hydrodynamiccodeAUTODYN①-2DandthereSult8WereCOmparedwiththeexperimentalre･

8ultB.Theresultofthenum eriCalamlyBiBShowedhigherpeakpre88ureBthantheexperimental

yalue8aSthegaplengthincreased.DifrerenceSWereCOn8idereda8duetothecum tureofthe

detonationfrontanditstwodimen8ionalnowwhichw88888umeda8Onedimen8ionalinthe

experiment8.Furthermorethe)ongerdurationofShockpre88ureintheBimulationmighthave

a180theiJlnuenCeOrthedi8agreement.

1.Introduction

AcardgaptesthaBbeenwidelyusedforquanti-

tativeevaluationofthe8hock8en8itivityof

energeticmaterial8.InthistesttheBh∝kwave

generatedbya8tandArddonorexplosivei8tranJ3-

mittedtothetesteXplo8ivethrough aninertgap.

The8hock8enSitivityi8Obtaineda8themimimum

lengthorthegapwhenthedetorLationwithinthe

acceptor血ilBI)･Theminimum8hockpre88urefor

the8tabledetonationofthetesteXplo8iveis

calculatedusingagaplengthvB.8hockpre88ure

calibration仇lrVe.However,thecalibrationcurvei8

u8uAuydetermined80farbytheindirectpro00dure

b88edonpa88ingtimeoftheShockwavethrough

thegapOf8eVerallengthB,BhockH叩OniotdataOf

thegapmaterialandonedimensionalShockwave

theory2JITheverificationofthecalibrationcurvei8

expectedinaccordancewiththedirectpre88ure

Received:December17,2001
A∝epted:January21,2002
●DepartmentOfSafetyEngineering.Yokohma
NationalUniversity
Tbkiwadai,Hodopya･kn,YokohtnA240-8501,
JAPAN
TEL+8卜45-339-3993
FAX+81-45-3391401I
E･mailatsumi@ynu.ac.jp
'●Geo･Re80uZTeDevelopmentandSafetyRe8earCh
Group,Geo･Resource8andEnvironmentTn8titllte.
AIST
Onogawa,TsulmbA305-8569.JAPAN
TEL+81-298-61-8740
FAX+81-298-61-8708

me88urementtCChJiqueinhighpre88ureregion.

Iti8thepurpo8eOrthiOinveBtiPtiontoobtaina

calibrationcurveoreh∝kattenuationinpobmethyl

methacrylate(PMMA)bythedirectpre88ureme8-

8urementandcomparewiththeu8ualmethodand

alsoWithI.henumeri¢aleimulation.mechzLrACter-

i8tic80fShockwavepropagationthrough aninert

ppwereevaluatedbytwo･dimenBionalCalCulation

withhydrodynamiccodeAUrODYN①-2D,andthe

Calculatedre8ultSWereCOmPredwiththeexperi･

mentalvAlue8.

2.Exp8rhenta1

2.1 Experhentalarrangement

Fig.1Bhow8anexperimentalarran酢mentOr

the8hockpreB8uremea8urementey8tem.ThiB

detonatOr･donor･gap888emblyi88amea8the8h∝k

charging8y8temOftheStandardcardgapteBt3㌧

pentolite(po=1650kg･m~3)loadedinpolyviJVIchlo-
ride(PVC)tube(VP-30)wa8useda8thedonor

explo8ive,andPMMA(p｡=1185kg･m-3)wa8used
a8thegapmaterial.Peakpre88ure8andpre88tlre

pro丘Ie80r8hockwavesWeremea8uredwith50【】

piezo･re8i8tivemanpmingauge8(MN4-50-EK)or

Dyna8en,Inc..Thegaugei8photo-etch8dfroma

8inglefoilandencapsulatedbetweentwo25pmthick

layers0rkaptonuBingepoxyre8ina8gau酢811er

andbinder.Themangmi ngrid8iEeiB3.8×3.8mm

andabout10JLminthickne884J.
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Fi81ExperiJnentAlarrangementofeh∝kattentJa･

tion

inPMMAA5mmthickPMMA

platewa卓putbetweenthegaugeanddonorpenbhtetoprotectthegaugefr

omthe8hort･Circuiting粥I.The8egau

ges,protectionplate8andPMMAgapweregltle

dwithepoxyresinandpre8Bedto血.2.2 MeaSu

rernentPrinciplesThepeakpre88ureOfthe

8hockwaveat8eVeralgaplength8i.e.the8hockpre88urea氏er8eVerddi8-

tance8hmthein

ter血cewithdonorpentoliteweremeasuredu8ingman

ganingaugesembeddedbetween5mmPMMAplateand

PMMAppwithde8iredlength.Twomanganingaug

esWerea180usedtodetectthearrivalof8hockwaV

e8and8hDCkpaBBingtimesduring8eVeralgaplength

8Weredetermined8imultaneouSlyforu8ualCalibration.

2.3 FtesurtsPre88ureprO丘le80f8hod亡WaVe8

inPMMAare8howninFig.2andfromthepeakpre8

8ureVB.gaplengthplot8thepeakp柁 BStLreateach

diBtanCefromthedonorpentolitewasObtain

eda8followingformula71:P=10.9exp(10.052)) (5<)<55

) (I)wherePi8peakp

re88ure(GPa),∫i8gaplength(mm).Abovefo

rmulAi8applicableonlyintheran野ofthegap

lengthfrom5to55mmduetothepre8･SureCover

rangeOfthe50QmaJ18anin印uge.Ontheotherhandthepeakpre88ureV8.gap 08′0420

'--●cJO)aJnSS巴J - -

5 15 25 35 45 55 LGapLength

(zzlm)F短.2Pre88urePrOGle80f8hockwave

8inPMMAgapmeasuredbymanganmgauge8lengthcurvewas



Eg:IA卵ngC(30×60)

;:I.::-.i:Eulcr(135×230)

FiB3Con丘gurationoftheaJ181y8i8modelof

8hoekpropagalioniBCarriedout.AUTODY

N㊦-2Di8basedontheoDn8em tionhwSofdiqerent

ialequationsinthe00ntinuummechan-icsandthe

explicit丘nitediErerenoemethod9)･Fig･38howBtheBChematicviewoftheanalyzed8

y8teminthisBtudyandthecalculationwa8Camie

doutwithtwo-dimen8ionalaxialSymmetrymodel.

PMMAandPVCwerea的umed88inert801idSandpen

tolitewasa8highexplo8ive.TbcomparewiththemaJl

gaTdngaugere8ult8hgmngiancoordinate8yBtem

Wa台appliedtoPMMAandcalculatedpoint8were

Arrangedinthis8y8tem.Eulerian00ordirLate8yStem

Wasappliedlodetonatingpentolitebcu u8eoftheprobableoverdiObrtionor

Ldgrangemesh.ParameterBOfeaChequationofBtA

te(EOS)ap･pliedinthis8tudyarede8CribedinTa

bles1aJld2HMll).JWLEOSw88usedaBEOSofp

entoliteandMie-GrtineisenEOSw88u8edforPMMAandPVC. As theattempttoapplyJWLEOStoAUTODYN 8-

2Dha阜beenreportedl:lI31theparameters0rJWL

EOSwereobtainedby丘ttingthedetonationchar-a

cteriSti飴withKHTEOSinthis8nalyBiB.Eq.(4)wa島useda8theShockHugoniotfor

Mie･Griinei8enEOS.3.2 Resultsanddiscussions

Pres8ure-timehi8tOrie8ateachoutputpoint

ofI.agrangecoordinate8y8teminPM

MAwerecalcu-latedandpeakpre88ureV8.88ple

ngthplotwasmadeaBWell88experimentalre8ult.Atypicalca

l-culatedpre88ureprOGleat5mmfromthedonorpentolitei88howninFig

.4withtheexperimentauymeasuredpro丘le.AlthoughthepreBStJreriS

ei81e88SharpthanthemeasuredproG

lethepeakpre88ureShowsaverygoodagreement.Fig.58howBthegaplength

v8.pre8BureCurve,i.e.the姐librationcurveofthe

pptestandthe8h∝ kattenuationinPMMA.Thecalculatedpeak

pre8-8tUeSgiveacoincidenceinthehigh-pre88ur
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mc(pscc)Fig.4Compari80nOrmea8uredandcalcula

ted8hockpre8BureprO丘les

8

く
V

4

つー

(CJ

D)巴ヨSSaJd 日日':C

a)

cu]atcd● Cali
bmtioncurvewith

peakpre8Sure●● C山i
brAtiOncuz.ve●withtはualnethod

●●●●●●●●●●●010 20 30 40 50 60

GapLenOh(rrm)Fig.5Shockattenuationin
PMMAcomptltedbyAUTODYNO-2Dcomparedwithexperimen-

talre8ult8per

pendicularangle.(3)Phy8icalchrACteri8tic80f

materialsinhighpreB8ureregiondonot丘tt

herealValue8andappmpriatevalue白areneede

dtoadjustthem.Fig.68how8theisobardia即am

さOftheBhockwaⅥ∋pzq)APtionthroughpentolite

andPMMAgap,andthepr飴8ureleveliBgivena8aCO

ntOurimageintheGqure.Iti80bviou8thatthedet

onation/8hod fronthBaCurvaturebecauseOfthepo

intimitiationoftheelectricdetonatorandrarefact

ionwavefromthe白idewan.Fig.7Bhow8thehig

h 8peedcamerare-cordings0f8hockwavethr

ough PMMAgapwith4I,SeCetep8Whichweretakenat

lOOOOOOQ)8bytheCordinmodel-124.TheChockBont

curvaturei80b-8erVedandgivesaVerygoodrepre8entationwith theAUTODYN◎Simulation.

Regarding(2)and(3),discreetexperimentalprep

arationandafur-theriJIV飴tigationonphy8icalmodelwintnde8ired

.4.CondLJSionsFromtheexperimentalandnu

mericalanalyBiS,followhgconclu8io

nSCanbedrawn:(1)ThecalibrationcuNeWasde

terminedinaformofexponentialfunctiona8P=1
0.9exp(-0.0521)bythedirectpre88ureme

a8urement,andit8lmwedag00dagreementwi

ththeu8ualmethOdwhichwa8determinedwi

th8hockHugoniot.(2)Asaresultofthenumeri

calanaly8i8WithAUTODYN⑧-2D,theattenuA

tionoftheShockpre88ureinPMMAwasmore

gradualthantheexperimentalre8ult.This

maybebecauseOftheparametersofthemAteri

dmodeland/orthea88umptionofone-dimensional8hockwavein

theexperiJnent.(3)Fromthehigh･8PeedeamerA

reCOrdさ,thecur-vatureoftheehoCkfrontw8

8Observedanditwa8BuaeB8fu11yreproducedbythe8imuhtion.
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