
Article
lHllHHHlllHIrTJH

NumericalinvestigationorwarheaddesignwithHE

HisaatsuKato★,Jin8houYoneda*.andMichinoriTaki2nkn*

Aconventionalwarheadcommonlyemploy8Caseloadedlligh explosives(HE).Thecasing

(Shellandliner)ofthewarheadisacceleratedandtransformedbydetonationenergyofaHE

intofragments,whichdestroyatargeteffectively.WeshouldselecttheHEanddesignofthe

casingtodestroythetargetmosteLTTectively.Toimprovetheperformanceofthewarhead,We

shouldconsidernotonlytheimprovementoftheHEandtheShell,butalBOinteractionbetween

HEandthecaslng･Generallyitmayrequlrealongtimeandhigh Costinthedevelopmentof

8newWarhead･ItiSnecessarytOreducethetimeandthecost,whicharemainlyoriginated

fromtheexperimentalverificationSinthedevelopment,R∝entlyadvancementinthecomputer

technologyandappearanceofnumericalanAly8i880ftwaresenabledonetoreduceLimeandcost

forwarheaddesignSigmificantly.Wetriedtocomparetheexperimentaldatawiththecalculated

resultsobtainedbyusingthehydrocodeAUTODYN forwarheaddesigns.Thepreci8ionofthe

numericalvaluesrequiredforcomputer8imu18tionshasimprovedtheaccuracyofthecalculated

re8ult8forawarhead.Numericalmethodsforsimulatingdifferenttypesofwarheadsare

proposedinthispaper.

1.Introduction

Awarheadgenerallycon白iBt80facasingandA

HE.Itisclassifiedintothreemajortypes;

fragment･,HJiAT(High ExplosiveAn ti･Tank)･and

EFP(ExplosivelyFormedPenetrater)-warhead.A

warheadrequlreSthemostsuitableHESincesi之e

andStructureOfthewarheadarerestrictedbya

carriersuchasmissileandprojectile.ItiS

necessarytOdeterminetheoptimalcasingandHE

inthedevelopmentstageofthewarheadby

repetitionof8Seriesofprocessdesign,trial

production,Andtesting.ThtlSgreatdealortime

AndcostShouldbespentinthisprocess.Inthe

pastperformancepredictionofthewarheadhas

beencarriedoutbytheempiricalmethods.Thus

thepredictedresultswereinsufficientandthe
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efficiencyofHEwasinestimable.However.atthe

presenttime,withaspreadofhigh-performance

personalconlputerSandaprogreSSin80ftware,
e8timationoftheinteractionbetweentheShelland

HEandI.hesimulationofadet.OnAtionintheHE

havebecomepossible.AccuracyoftheSimulation

resultsalsohasincreasedtoapracticallyu8Able

level.Itbecamepo88ibletoShortenthe

developmentperiodandtoreducethedevelopment

cost.lnthispaper,thecase8tudie80rthecomputer

simulationforwarheaddesigninNIPPONKOKI

Co.willbeintroduced.

2.Thenumericalanalysismethod

APC(PENTIUMIII:1GHz,memory:512MB)

wasusedbyuslngthefollowlng80ftwareS.

2.1KHTprogramvcr.4.4

2.1.1Ca一culationofdetonationvelocity.

energy.andC-J (Chapman-Jouguet)

pressureinloadeddensityofaHE

AsforaHE,densityanddetonationvelocity

wouldbechangedwiththemateriallots,the

compositionratio,andtheloadingconditions.
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Generally,arequiredperformancewillberealized,
iftheloadingconditionsaredeterminedtoSatisfy

anece88arydensityundertheconditionthatthe

materiallotsandthecompositionaretheSame.If

theactualmeasuredvalues0fthedetonation

velocityfortheexperimentalHEwerewithin3%

ofthetheoreticalvaluescalculatedbyusingKHT

(Kihara･Hikit8･TanAka)program,theHEiS

consideredto8atiSfyade8ignlevell)･However,if

dealingwithacriticalproblem,theinitialdataof

theKHTprogram与houldbeCorrectedsothe

complュtedvaluetoagreewiththeexperimentvalue.

2.1.2CaLculationvriththeJWLE.0.S.

InordertousetheJWLE.0.ら.(Jones-WilkinSl

LeeequationofState)appliedtoaHEinAUTODYN

(Hydrocode)2),itisnece888rytOdeterminethe

parameterOfthisequation州 ･U8ually,these

parameter80fJWIJE.0.S.havetobedetermined

byexperiJnentS.HoweverinthisCalculation,it

couldbedeterminednumericallyfromtheAbove･

mentionedKHTprogramforthepreservationof

costneceSBaryfortheexperiments.

2.2AUTODYN(Hydrocode)

2.2.1SimLJtationbyAUTODYN-2D

Simulation80fAwarheadbyAUTODYNhas

beenperformedbyinputtingASetOfdataaBfollowS;

(1)geometricmodelofthewarhead:(2)physical

properties0ftheJWLE.0.S.forHEandShock

HugoniotJ己.0.S.foraShellandliner:(3)physical

properties0f8trengthmodelsfortheStructural

material8:(4)boundaryandinitialconditions.

3.ExampleofanEFPwarhead

3.1Experimentalconfiguration

Theperformanceconfirmatory･testequlpment

oftheEFPwarheadiSShowninFig.1.TheEFP

warhead(linerdiameter:90mm)ShowninFig.2

explodesbyanelectricdetonator.Thelineris

acceleratedanddeformedbytheenergyoftheHE.

Then,theprotectionplateremovedthefmgments

andonlyanEFPcanpassthrough it.Amean

EFPvelocitywasmea8uredbyusingthefoiltargets

andtheshapeofformedEFPhdbeentakenas

photographswithanaShX･rayequipment.

b Lred▲T ニ k JnYelooity=L/ ▲

TFig.1Experimental8et･u

p.Fig.2EFPwarhead.3.2N

umericalcaJculations3.2.1Geometricmodeloft

heyrarheadAgeometricmodeli$ShowninFig.

3.1nordertoSavethecomputertimeandthe

totalc08t,atwo-dimensionalaxiSymmetricmode

lwasused.AnEulerianproce880rfortheHEand

aLagranglanproce880rfortheShelland

linerwereapplied.Fig.3Geometricmodel.3

.2.2Physical-propertymodeloftheHEPBX

(PJ3ⅩNS･201)madeforanexperimentinNIPPONKOE

lCo.W88usedfortheHE.PBXN-5wasusedfortheboosterCharge,andTetrylfor



Table1awlparameters0reXploSiveS(thestrengthmodeli8appliedforHydromodel)

Explo8ive8name PBXNS-201 PBXN-5 TET
RYLCombination BaSematerial HMX 90% HMX 95% T

ETRYL99%component Binderetc. HTPB 10% ⅤⅠTONA 5

% GRAPHITE1%Den8ity(g/cm3)
1.705 1.88 I.73Detonationvelocity(

m/8) 8406 8816 7910C-JEnergy/UnitVol.(kJ/mm') 9.381Ⅹ1
0一3 9.6LIx10'3 8.20xlO.3C-JPre88ure(TPa) 3.

095Ⅹ10●2 3.53x10'2 2.85x10'2JWLparAmete
r8A(TPa) 1.100 1.756 5.87x10●ta(TPa) 2.862Ⅹ10'2 3.47

5XlO 2̀ I.07xlO'2Rl
5.501 5.810 4.40R2 1.450

1.500 1,20W 2.934Ⅹ10●ー 3.2lxlO-1 2.

75x10'l3.2.3Physical-propertymodelofthe

casingTwocasingmateri818Wereused:(1)Ste

elfortheshell.and(2)TantAlumfortheline

r.TheE.0.S.wasappliedfortheShockHugoniota

ndtheStrengthmodelwasAppliedfortheSteinb

erg-Guin8n.3.2.4Boundaryandinitialconditi

onsAboundaryconditionw88appliedfortheEulerJ

Lagrangeinteraction.A8theini

tialcondition,thetimedetonationmodel★wa白used.

*(DetonationtimeofeAChHEcell)=(thedistance

rromtheinitialdetonatingpoi

nttoeachHEcell)/(detonationvelocityoftheHE) 3.3ResuJtsoftheEFPyl

arheadThedetonatingSimulationoftheHEi8

ShowninFig.4.ThedeformlngSimulationor
theEFPandanou

tlineorn88hX･rayphotographsares

howninFig.5.WhentheSimulationre

sult88ndtheexperimentalvaluesWereCOmp8re

d,thedeformationofEFP,thepath,length,andt

hevelocityagreedwellwiththeSimulatedv

alues.4.Exampleofthewarheadcontro

llingdeto-n8tionyraveformwithanexplosive

lensAHEATwarheadutilizesatechniquetoco

ntrolthewaveformorHEbyeitherAwaveShaper

Ormulti･pointdetonator.Inordertom8XimiZethi

sFig.4Calculatedresultsfordetonationo

ftheHE.Vo(Cat.):1954EEL/sVo(Exp.):1920m/Sl

JOFJShter 15

FLS 30〝S 5511SFig.5SimulationoftheEFP(uppe



technique,wehavetOknowthedeformation

efficiencyofalinerandtheperformanceofthemetal

jet.

Awaveshaperi8usuallymadeofaninactive

material.Fragmenteffectmaydecreasesincethe

mass0ftheHEbecomes1e88erWithincreasing

themass0fthewave8haper.AwaveshaperiS

structurallysimplebutamulti-pointdetonation

devicehasCOmPlicatedshapeandlargeSize.The

controltechnologyofadetonationwaveformisan

effectivemeansinordertousetheenergyofHE

effectively.HoweverdevelopmentoraHEAT

warheademployingawave畠hapercostsmuch

comparedtoaconventionalHARTwarheadbecause

ofstructuralcomplexity.Irthesimulationoran

accumteexplo8ive8performancecanbeusedin

thede8ignStageOtawarhead,itwillbecome

reductionofdevelopmentcosts(trialproduction

plusexperiment).Therefore,atestwarheadwhich

usinganexplosivelenswasmadeforobtaining

nece888rydataforsimulation.

4.1ExperimentalconfigLJration

Theconventionalwarheadtypewithout

explosivelensisShowninFig.6.Twotypes0r

warheadsCOntrOllingordetonationwaveEbrmwith

anexplosivelensareShowninFig.7.Anion･gap

probewasalsoSettOOtherstestwarheadinthe

samemanneraSShowninFig.6.

4.2NurTlericalmethod

4.2.1Geometricmodelofthewarhead

Thegeometricmodelsofthreewarhead8are

showninFig.8.1nordertousethemodelofa

two･dimen8ionalaxISymmetry,theL8granglan

proce880rW88usedtosavethecomputertimeand

Fig.6Conventionalwarheadtype(1Ypeornolen



Table2JWLparameters0fexploSive8(thestrengthmodeli88ppliedforVomi esesmodel)

EXplOSiveSnAme PBXNS-211 PBXN.5 HB

X-3Combinationcomponent BaSemateriAI RDX 91% HMX 95% RDX31%TNT 29%Alet(:.40%Binderetc. HTPB 9

% ⅤⅠTONA 5%Density(g/cm3) 1.

650 1.88 1.80Detonationvelocity(m/8)
8184 8816 6849C.JEnergy/UnitⅥ}1.(kJ/mmり 8.755Ⅹ10'

3 9.64xlO●n 4.00Ⅹ10●3C-JPresSure(TPA) 2.831Ⅹ

10'2 3.53xlO''Z 1.70Ⅹ10■2JWLparamet
erSA(TPa) 1.027 1.756 2.254B(TPa) 2.608Ⅹ10●2 3.JI75Ⅹ10■

2 1.587Ⅹ10~2Rl 5.
524 5.810 6.623R2 1.450 1

.500 1.587W 2.88Ⅹ10'l 3.21x10'1 2.23Ⅹ10ーl

Table31ゝpicalparameters0ftheLee-TArVerm

odelmaintainthe88tiSraCtOryresolutiona8Str

uctures.ThetargetpointwasSettOtheSameposi

tiona8theion･gapprobe.4.2.2Physicalprop

ertymodeloftheHEPBX(PBXNS-211)mad

easAnexperimentinNIPPONKOKICo.wasuSe

dfortheHE.PBXN･5wasusedforthebooster

Charge.andHBX･3fortheexplosivelenS･

TheJWLparameter80rtheseexplosivesareSho

wninTable2･4.2.3Detonationconditionofth

eHE(Lee-Tarvermodel)Lee･Tnrvermodelwasdescribed

forignitionandgrowthmodelofexplosiveiniti

Ation･Theresultsofcalcuhtiontoapplythemodel

onshockinitiationofheterogeneousexplosive

ssuchaSPBX･9404,comp･B werecomparedwith pub

lishedexperimentaldata榊 ･wethoughtthetheLee-Tarvermo

delcouldbeappliedforexplosi

onandthedetonationmodelortheHEmadein

ourcompany･Accordinglywetriedt｡useitforth

eSimulationofthewarhead.Typicalparameters

0ftheLee-TarvermodelaresummariZ:edinTable3. 4.2.4Physicalpropertymodclofthecasings

T



Fig.9Calculatedr

esultsfordetonationofthreewarheads.pRESSUF7亡くTPa) Tdrg●tH 4TcrqetR

5TorgetB 6TorgetR 7Torglt8 8璽 璽 璽 些 璽18.0 12

.0 18.0(- ･p,uC) Typeofnolens 盲;"pEeSufB主honlenstypeTypeoflon

glengthlensFig.10PressureCurveOnthetargetpoint.Fig.llSlmpeofdetonationwavefront



otherhandwethinkthatthe8imulationofan

explosionSituationcanexpre88thedetonation

Situationwellalthoughthetendencyforthe

detonationvelocityinthecentralpartiBquicker

thnthatincircumferencepartsinthewarhead

Promthecomparisonofthe8imulatedreSult8with

thoseobtainedexperimentally.Weconsiderthat

thevelocitydifferencebetweerLtheSimulationand

theexperimentwerecausedbytheAccuracyOfthe

Lee･TarvermodelingofHEbasedonthesmaller

8CAlete8Lresults.

6.Conclusions

A8forthi卓Simulation,wehaveafinalgoalto

calculatethemlesscostly,more白imply.andwith

higher叩eed.SinceameshwasCOOrdinatedmore

coarselythanthernanualcurrentlyintroducedto

referencen,thecalculationoftheEFPwarhead

tooktwohoursforonecaseandthecalculationof

thewarheadwiththeexplosivelenstookhalfan

hourinonecase.

Genemlly,sinceacalculationtimeis

proportionaltothenumberofmesh.Thenumber

ormeshi8prOpOrtionaltothecalculationaccuracy.

ThusthenumberofmeshShouldbedetermined

bytrade･ofrofeffectstoexpense8.

Sinceitispossibletoverifytheperformance

requiredfor8designbycoarseSeLuplikethis

simulation.webelievethatiti8pO88ibletousethe

Simulationforthewarheaddesign.

K8yOkuG8kkaishi.VoL63･No･5･2002

ltisveryImportantthatawarheadde8igner's

ideacouldbeexaminedbyusingnumerical

simuhtionquickly.Wewillaccumuhterequired

datafortheseSimu18tion8furtherfromnowon.

AccuracyOrAWarheadSimulationwouldbemuch

improvedinnearfuture.
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