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Large-scaleimpactsensitivitytestresultsofameltcastable,

generalpurpose,insensitivehighexplosive

byTheodoreS.SUMRALL●

Thea)umiTlizedeutecticexplosive(TEIE7007)wsdevelopedasaneconomical,meltcastable.

gemeralpurpose(GP),insensitivehighexplosive(lHE)candidateduetoanumberoffactorsincluding.I

Joysmallscalesensitivitycharacteristics;lowraw･materialandprocesslngCOSTS:theoreticalhigh

performanceandlowlarge･scaleimpactsensitiyity;re-meltability(withassociatedecoTIOmicaTld

e.IVironmentalbenefits);andpotentialetldothermiccharacteristicsduringcookやEr.l･27subsequent
large-scaleperforman∝testresultsverifiedtheoreticalperfoTTnatlCepredictions3･4Iandafollowup

efforttodetermine]arge･scaleimpactsensitivitycharacteristicsoccurred.nispaperwillreporton

large-scaleimpactsensitivitytestresults(bdletimpact,fragmenthpactandsympat'heticdetotlation)

forthecomposidonTE-E7007.Withotltexcepdon,allunitstestedresultedineitheranexplosiotIOr

detonationrespoTl駆.neSerCSpOnSCSWeredeemedtobeunacceptablefromoyerallsafetycriteriaand

thereforetlleexplosiveTE-E7007wasTIOtSubjectedtocookl0frsensitivitytestlmginordertocon-

servetestfunds.

Testhardwaredescription:

TEIE7007explosivewascastdirectlyintoam上mberof

testunits.Thetestunitsatl!known asmodifiednaturally

fragmentingtestunits(NFrU)orheayywalltestunits

(HWTU).neNFrUismaJlufacttlredfrommildsteel

andconsistsofarightdrcularcylinderwithexteriordi･

mensionsor8in.×16in.(20.32cmX40.62cm)and

hasawalIthicknessofO.375in.(0.95cm).neHWTU

alsoconsistsofarightcircularcylinderwithsihihrexte-

riordimensioTW,butwithawdlthickenessorO.5in.and

endplatethickessof1.0in.AftertheTE-E7007explo-

sivewasallowedtocoolaTldsolidify,theexplosivewasx･

rayedthroughtwomlltuAllyperpendic血r,trarLsverseaxes

(0.aTld90')_neexposedcndoftheexplosivewasthen

coveredwithaftendplateandshippedtotheexplosive

testingfacility.Sensitivitytestswereconductedinaccor-
dancewithMIL-STD-210513.

Theory:

Explosivesalebasicallysusceptibletotwotypesofini･
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lialionmethods.i.e.,thermalinitiationordenagrationto

detonadoTltransition(DDT)andsh∝kinitiadonorsh∝k

todetonationtransfer(SDT).Thelattermethodisthe

methodrulilizedforintentionalexplosiveinitiation(by

meatuofablastingcaporbooster)butiso触nthemeans

bywhichunjntentionalinitiationorexplosivesalsoo∝u柑

asaresultorimpactfromothersourcessuchasadjacent

explosives.Themostseycretestofshocksensitivityin･

volvesmetaltometalimpactbymeansofeitherabullet.

highvelocityfragmentand/orsympathedcdetonationor

anadjaceTltexplosivewhereametalproJeCtilepenetrates

themetalcaseorthetestunit.ThevariousimpacHests

a一edesignedtodeterminethesensitivityofancxp10sive

compositiontohighvelocityimpactandasscsmentofsub-

sequentshocktodetoTladontransfer(SDT).Anumber

orfactorscanincreasethesetlSitivityofanexplosivebe･

yonditsnormalsensitivitycharacteristics.Onefactoris

voids.Introductionofyoids(i.C.bymicro-bat)oonsor

Sassing)isawellknownmethodtoincreaseSensitivityor

blastingagmtstothepointthattheexplosivebecomesdet-
onablewithasmallexplosiveinput(i.C.No.8blasting

cap).

Impacttestssubjectacertainminimumareaofexplo-

siyetoshockatacertainminimumpressure.Forprqec-
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tileimpactscenarios.thisrequlreSaCertainminimum

projectilevelocity.referredtoasthe-'Criticalimpct

velocity"･TheI岬 theareaimpacted,theloⅥ灯thecTili･

caHmpctvdociqT.¶ leTtfore,impwtorswiththelow岱t

convexity(hlraces)aftmosteErd veatinitiadngdeto･

nationbyanSDTmechamisTn.However,nat-facedim･

Petuponbarriersismorelikelyth&nedgeOrCOrnerimp

pactstoshttertheprojecdlesothatsubsequentpenetra･

lionandsbck七mergytransfercapabilitiesmaybothbe

reduced.6-However.byacceleratingtheprojectiles

(fragments)toaminimumvelocityor8300feet/second.
amaximumshocktransferisaccomplished.

Wh eTIametalprojectilestdkesancxplosivc,fotFreaC･

tioTu Canbeinduced:detonadon;explosion:buming:

ornoreaction.AdetonationisdehedaSahighorder

reactionwhichpiercesA1/2in.thickmildsteelwitness

platewithaholethatis&pproximatelythesamediameter

astheacceptorchargecase(theNFTUinthisexample)

aJldisclassirledasa'.class-IReaction''.An explosionis

alowerorderviolenthighpzw reactionthatcalldam･

呼 theteststand.thecasematedal/explosiye,andthrows

largehgmeTItSOfcasematerialorexplosive≧50feet

(15.24m).Inanexplosion,thewitnessplatedoesnot

stwtajtIdamageandischsifiedas&一℃laSS-ⅠⅠ'●or''chss-

mRcaction'●.AsustainedbumTu tionconsistsofcれer･

geticmaterialipitionandbumingut)dlAllortheexplo･

sireisconstJmed.仙isusuallytakesanumbrormilluteS

dependingonthetypeorexplosive,themassoftheexplo･
sireaTldlevelorcoTlrlnemenLBumingisclassifiedasa

.'C1assTIV'●or.●C1ass-VReacdon''.apindepen血SOn

thereacdonscyerity.

Burletimpacttestprocedure:

nebulletimpacttestlpsconductedtodetermhethere･

actionofthetestitemwhenimpactedbyonetoth rce0.50

calikrtyTXprOjectilesaimedatacommonpoint&tayet
locityor2800±200ft/scc(850士60m/see).S'The

rldngintervalwaswithin80土40msec.Twotestitems

werelesledwiththeimpactingbulletsPenetratingtheex･

plosivematerial.AirblastoverpleSSureSWeremeaStlred

toascertaintheexplosiveresponseleyel.AIso,witness

plateswerepositionedtoproyideeyideTtCeOftheseventy

orthereaction.Thebulletimpactyelocitywasmeasured

uslngelectronicvelocityscreens.Agraphiteelementwas

placedacTtkSSthemuzzleofeachpntodetemi tIewhen

theprojectileexiledthemtLZZlebyopetI)ngaJlelectdcaJ

circuit.n ztc161nmTnOdotlpicturecweraswereused

torecordthetestitemreaction.Fourblast伊ugCSWere

Fig.1BulletimpacttestresultsofS/N1755



Fig.･2BulletimpacttestresultsofS/N1758als

ojudgedtobeamildexplosionandoccurTd uponim･pactort

herlrStbdlet(Fig.2).ThedtLradonorthereac-tio

nwassuchthatthetestumitdebriswereejectedfromthetestFuturebeforeanivaJofthesecondandthirdbull

lets.necasesplitintolargefragmentsthatwereeject

edadistaJlteOr369氏.LinermaterialwasobservedontheeT

)dplateandciLSefragmentswhichwererecoveredfromt

hetestsite.Ahrsequandtyofexplosivemate血Iw

asscat-teredaboulthetestsite.Nosmallfrapentsp

enetratedthewitnesspanel.Thedentplatewasnot

damaged.ThereactionGeneratedapropaga血gbhstp托SSu

reththadamagnitudeof4.9psiandanimpulseor25.0ps

i･msatarangedistanceof15氏.Thevelocityofthe

firstbulletwas2902氏/see.n 呈stranslatestoaneq

uivalentenergyreleaseofapproximately12%(withregards

topeakpressure)and57%(withregardstoimpulse)when

comparedtothesamplessubjectedtoarenatesting.Fragm8nthpacttestpr

ocedure:PriortoLestsetuP,eachuTlitwas冗-r

ayeddlrOughtwomuttJallyperpendicular,transvers

eaxes.Eachmodirtedtestutlit(withadditionalendconf

inement)wasplacedonaI-ftby1-ftby21in.Steel

dentplatethathadbeenplacedonawoodenteststand･n

elongitudinalaxisofthetestunitwasorientedve

rticallyanditsgeometriccen-tuwasapprodmatel

y51in･abovethegoundphne･TwometalbaJldingstr

apswe一tusedtosecurethetestunitandthedentplatet

otheteststaTId･One22-gaugesteelwit-nesspaTlel

wasphcednearthetestunittocollecthgmentvelocitydat

awithhigh･speed16-孤 cameras･Another22-gaugesteel

witnesspanelwasplacedbehindthetestunittomonitortestunitdebds.A2-ftby2-ftby7

/8-in.steeldtJleSSPanelwasplacedata21Rstandofr

distaTICefromthetestmi ちandEiberboardswereposi

donedbehindthepanelloCatChthewitnesspanelandfra卯IentS･The launchingc

harge(125lb.ofComp-aexplo

sive)wasplacedonatest



Fig.3FragmentimpacttestTtSultsorS/N1759

FragrnentImpacttestre6ults:Twomodifiedtestumi

tscontainingexplosiyeTE-T7007(identifiedasS/NT1

759AndS/NT1760)Weretested.nercacdonforthe爪JSt

testunit(S/NT1759)Ⅶ judgedtobeanexplosion(Fig.

3).Therewererotufragmentimpacts･neaverapyelo

cityorthehpetltSWas8252ft/see.necauseoftestunit

T1759sputintolargeh8-mentsthtwereejecteda

distanceOr1275ft.Linermate･rialwasObservedonthe

urgecasehgments.Theendplatewasround2･5ftfromthe

'●zero'-nngelocation･EkplosiveandlirLermAtedaIwere

&ttAchedtothecndplate･TTIedentplatewasnotdamaged.

Explosivematerialwasscatteredaboutthetestsite

&tIdsomeexplosivebecameembeddedintheFiberboardmated

ahJSedtocollectlestunitdebris.Blastpressurefr

omthetestunitinteractedwiththeblas

tpresstlrefromthehgmentlaunchingchrgesuchthttherewasAcAtIcelingeffectwhichreducedth

emagnitudeandimpdseoftheresd血gtllastpressureat

thegaugel∝adot)stovaluesbelowthtexpectedfrom

oTLIythelaunChiTIgCharge.¶血CATICelingeErcctorthebl

astprtssures斤omthetestunitaTIdthehtmchingchTPwas

seeTIbycompadngtheblaSlpreSStlrCSwithttlOSere･CordedforadiErerenttestuTIit(contaiminsPBXW-1

24loadedinNFrU)thatOnlybumedinthesametest

setup.TheamouJltOrthecaJICelinge批ct(whichdepe

ndsupontherelatiyeltrnlngOrtheT%Cmi ns.mapitudeofthebl

astpressures,andg的metryrelativetothepuplocatio

ns)couldnotbescparatdinsuchAmannerthatquantitati

vevaluescotJLdbeassipedtothetestuTlit.Thereacti

onofthesecondtestunit(S/NT1760)wasalsojudgedt

obeanexplosion(Fig.4).merewererIVeh petltimpacts.刀l

eBYeraPVelocityofthehgmentswas8252允/see.Thecw orth

etestunitsp批itltOhrgehpentsthatwereejectedAdi



Fig.5SympatheticdetonationtestsetupS/N1749,174

5.1761Fig.6Sympatheticdetonationtestresults,S/N1749.

1757皮1761colorvideocovcraee

orthetestswereprovided.Sympatheticdetonationt88t

results:l30thacccptortestunitsdetoTlated.Therewas

anin･detltioninthemiIdsteelbasephteateachoft

hepretestloはtionsofthethreetestmi ts(Fig.6).neiTlden

tioASwere2,1.5,zLnd1-in.deepatthepretcstload

ons_ofthedonor,acceptoratトin.standoEr.andacceptor

at6-in･standofr.respectively.ne5-氏by3-Etby3-h･th

jcksteelbaseplatewasbrokeninto斤vemaJorpleCCSthat

werere･coveredfromthecratercatwedbythereac

tion.Thecra-terhdadiameterof7ftandadepthof3氏.Tb

ethreenoseplatesOfthetestunitswererecoyeredfrom

thecT&･ter.sTnalIfragments(indiciativeofadet
onadon)wererecovcrcdfromthefiberboardmatedalusedtor

ecoyerdebrisfromeachofthetwoacceptortestutlits

(FIB.7).merewasnoexplosiWmateridfoundscatteredabou

tthetestsiteTIOrembeddedillthefiberboardmateri

alusedtocouecttestut)itdebrisfromthe

acceptortestutIits(indic

ativeofcompleteexplosivereacdon).Discusslonandcond

usions:nisresearchprojectentaileddevelopmentoraetlteCtic

Fig,7Casefragmentsfromsympathetic



soTmeI,atadifferentfacility,notedunitwdghtdifrcrcnces

asmuchas土 1kg.Tllismuchofaweightdifference

coulda∝Ountfortheunanticipatedtestresults.Exces-
siveRDXcotlldhvebeenpresentintheunitswithabove

normalweightsandx･raysrevealedthepresenceorttu･

merousvoidsintheunitswithbelownormalweights.Ei-

thersituationcouldhveresultedinhighersensitivities

thannormal.

AhalpossibilityisLht(sincepreviousdataiTldicated

thatAPwasparlidpatinginthecutecticasevidencedby

adropineutccticmelttemperature)the17LLAPwasac･

tudlylosingsuJrICientsurface&reathatitbecamemore

ofaClass1.1matedd.whichom Around10FETn.

Recommendations:

Duetothepoorqualityoftoadswhichwereemployed

inthistestselics,otherreseaJ℃hersaseerLCOumgedtoyedfy

(orhofX:rdlyrcrute)thesensitivityoftheformuhtionTE-

E7007.

1twastheorized,thatduetothepresenceof

diqandiamide(DCDA)aprecursorornitroguaJtidine

(NQ,aknownbumratesuppresser)thttheformda-

tionTE-E7007wouldhveasoodchaliceOrPaSSInSCOOk･

ofrtcsts.However.duetotheimpactsensitivenatureOf

TEIE7007,cook･○汀Sensilivitytestswerenotconducted.
OtherresearchersareencouragedtocoTIducthrge･scale

coo k一〇frtestsinordertoeithervedryorrefhcthistheoty.

Ifcook･○汀iTtSCTuitivilyisyalidated.butlarge･scaleim-

pacttestlCSultsareStinunacceptable.ittnaybepossible

tomodifyTEIE7007(byreducingEDDNand/orRDX

particlesize/content)tothepointwheredesiredimpact

in瓢 ltIVllyrCSdtsareAchieved.

SeventeenmicronAPwasod由nalIychosentopermita

higherpeakpressurebyensu血gthtsumcientoxyget)

wasimmediatelyavai)abletocombuslitlgaluminum.A

rt:foTmuhtionorTE-7007shouldconsideremploymeTIt

of200LLmAPratherthn17JLmAP.
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融解性直蟻可能な汎用不感性爆薬の大型5E料による

衝撃感度試験結果について

TheodoreS.SUMRALL'

アルミニウムを添加した融解性爆薬(TE-E7007)は経済性.汎用性,不感性を有した次期

爆薬候補として開発された｡そのためには小型就料での感度特性が康れ 原材料と製造のコ

ストが低く,理臨的には高性能であることが必要であり.さらに大型就料において帯革感度

が低く,経済性と窮境の観点から再触解任を有し,またクックオフ中には吸熱反応の特性を

有していることが必要である｡大型拭料による評価拭敦結果から理的的に予測されていた性

能が確認され 続いて大型就料による衝撃感度特性を求めるための拭験が行われた｡本研究

は.TE-E7007爆薬についての大型拭料による衝革感度就故結果(銃撃による帯革.破片によ

る衝撃,それに殉燦による爆轟)について示す｡すべての均合において爆発あるいは偉轟す

ることが分かった｡これらの結果により,安全限界の観点からTTIE7007は不採用と見倣さ

れ,拭験費用を節約する観点からクヅクオフ斌験には供さないこととなった｡
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