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Performancetestresults･ofameltcastable,generalpurpose,

insensitivehigh explosive
,､1

･L･ l'byTheodoreS.SUMRALL̀

I
i

nethermophsticexplosive(TE-T7005)wasdeve)opedasaGeneralPurpose.(GP)Insensitive

HighExplosive(lHE)CandidateduelOanumberorrayonblefactorsincluding:lowsmallscale

sensitiyitychractcristics;lowp代雌 inscost;theoreticalhighpeTrOrn)anCe;re･meltability(with

associatedeconomicandetIVironmentalbenerltS);一andpoten血lcndothermiccharacteristicsdudng

cook･oEf･l･2)nispaperwiHreport0nlarge-scaleperformancetestresults(airblastimpulse,airblasl

overpressureandfragmentvelocity)rorthecompositionTE17005.Airblastimpulse.airb]astpeak

oveTPreSSureandrrag mLePt-sie.!頭ty,巧叫靭甲二COEm醇吋や叫thoseofth.e.eJPlosivesH-6,PBX-109,'_J

Trilonal･andHTPBan叫熱 .PfT冊 軍?･?,5理野 ‡榊 無 蝶野 里 禅 3<,'Thelra甲entvelocity
performaTICeTorTE-T7005(591佃 /see)was90%ofH-6andwasbetⅥふ nPBX-109(6249氏/see)

andTritonal(5609Nsec)･peakpvFTPtYSS･uPVaIyesforT･E17岬 wFreSlightlysuperiorloH-6I. lT.
whi]eoven)ressureimpulsevahleSWe由 esscntiallyequivalentto冗-6.TE-T7005explosivewassupe･l～
.i｡,t｡theHTPBanalosswith.噛rdstofrag品註tperio,mよh:i;'andsignirICandysuperiortothe

II

HT71BaT)alopwithreprdstobhstpcJformance.

Testde岳cHption: ＼■●.†1
TE-T7005explosivewascastintoasplitmoldrIXluJTe､1 .. ･ヽ .メ

havhganinteriordiameterdomparab]etothetestunit

interiordiameter.Thetestunitisknown asaNaturally

FragmenthgTestUnitr(NFTU).ThとノNFrUisThanu-

factuiedrrommildst品landconsistsoradghtdrctlhr

cylinder心thexteriordimetiiions'or8in.×16ill.(20.92

cmX40.62cm)andl一aSaWallthickdessofO.375in.

(0.95cm).Additionally,theNFTUisclosedatthebot-

tomwithanequiyalentw姐 thicknessandopenatthetop･

ARertheTE-T7005explosivewasloadedintothecastiTlg

TlXture(whichactuallyhdaheightof22in.(55.88cm))

atldallowdtocoolandso)idiJy,theexplosiycwasremoved

rroTntheTnOld.neexplosivewasthenx･rayedthrough

twomutuallyperpendicular,transverseaxes(0●and90o)

toverilythatvoidsdidnotexistoveralet)名山orAtleast

I7".QICeTadiographicinspectionvedrledthatfloSigniTt･
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▼l
cantyoids'existddinthecharge,theexplosiie'wasplaced

･ihawoddenmiterbx.Theexplosi心twasthenmanually
ctiJi'dthacoarse7biJinchhidsaふ(hsingtheよ･riynlm

asaguidetoinsurethatcuttingexcltJdedaJly寸6ids)toa

lengthof16in.(40.-'64血).ApieceJof20甚rit申ndpaper
wasad軸 Io?.12ir).×12in.×0.Sin.(30.･5cm X

30.5cm X 1.3cm)pieceorplywo9中ndbothofthe

.explosive'seTldsweresmoothedtoe.qsurethatnatsurfacesll●
wouldbeexposedtotheboosterandbottomclosureplate･

PdortoinsertionoftheexplosivechlSeintotheNFTU-1
c幣 al′4in･diam.eteiholewasdri11占dintotheendorthe
NFTUandtheNFTUandexplosivechrgewereboth

weidled_TheNFTUwasthmcoatidlI;nliheintedorwith

RTV(R-81)towhichaJtappropriateamountofDibutyI

TinDi.Laurate(DBTDL)wasaddedasacureagent/

catalyst.Theexplosivechargewasalso)iberaIlycoated
withthesameRTVmixtureandtheninsertediTItOthe

NFTU case.Theholepreviouslydrilledintothecndor

theNFTUpermittedairandexcessRTVtoescapeasthere

wasminimalclearancebetweentheexplosiveandNFTU

wall.OncetheRTVwascuTd ,thechaJSeWasthtJSLinnly

bondedintotheNFTUcaseandtheexcessRTVwas

trimmedfromtheexteriororthecaseandexposedexplo･

sivecharge･Theexposedendortheexplosivewasthen
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Fig.1Arenatestcomr)gulration

Fig,2NFTU/initiadonassemblylcovered舶t



fromvisudobservation(viahigh 甲 莞drllm)orthefTaS･

meTIlimpactscindhtionsonthewitJleSSPandsaJldJe･

IatedtothetimefromfirstliかIandcamerahme耶 d

uponwhichtherealtimesIPalwasbasid.1

Stil)photographswerealsotakentoob'Lain8in.X10

iJl.(20.cmX25cm)colorpdntsorthelestSetuPSand

deb血 Additionally,8VHScolorvideocassettetw rder

qstJSedtodom entthetestsetupl,thetest.AJldpcSttest
obseTYatjons.

Bundlesorrlberboar由andthe22gaugewilneSSPands

werephcedsuchthathgmentandrragmenlVebcitydata
wascollectedbetw∝n85●and105.polarAndesand.within
45●aZimtlth&)ZOmeS.Thebtndlesorrlberboardswere

TnaAeddththeBS●to105●PohrZDneS(in5●incrcmmts)

and45●azimuthalzonesonthesidefacingthetestunjt･

Thetestunitwasphcedontotheteststandsuchthatthe

lonsitudina)axisorthetestunitwasorientedvertically

andtheendtolxinitiatedwasatthetopasshowninFi82.

TheboosterwasphcedonlopofthetestunitstlChtbt

theboosterwasCenteredandincontactwithdieeXP]〇･

sive･Ducttape.was叫 tosupporttheboQSter8SSCm叫･

Thedetonatorholderwaspl&pedaBah.sttheboostersoI.
thltheholderwA声CenteredandincontAclwilllthe■●
ぬ r.DucttaJXWasalsousedtosupportthedetonator

hoIder･ThetestsetupTPPhoto卵pheduidvideotaJd.
ne8re&Wasthincleared,wihtheefCePdonorlheFir-

ingDirectorandotleOrdnancemanwhoattachedthe

shortedrldngleadtddleJ-2detonator.TbJ-2electric

detonatorwasinsertedin't'othedetbmatorholdersu血 that
l

theforwardendofthedetonatorwasincont8CIwithpthe

booster.AvisuaHnspectionofthe.areawasthentnadeto

ensurethtallpersonnelwereclearofthe&IqrOllod

byaheadcout)ItoeTuurethatallpersonnelwett′withiA

thesheIteTedareas.Fit)aladj血 mtstotheiTutnm ta-

tionrecordingequlpmentWete'inadeandthenthefidng

leadwasAttaChedtotherlhgboird.therldn81品dwis
unsho也 thecdntrolkeyinsened,ad thetestunitwas

detonated.ALbphotopphicmddcctrbnichstrtm -

tationdatawascollected.thewitnesspne]sweremovd

toanearbyfacilityforthecalcdationloth卯IeTIthole

couTltfollowdbyhgmeTLtSizedidbutiondatacalcula-

1ions.Newwitnesspnels&dm光rboArdswereTnOYed

iTItOthetestsite.replrSWeremadetodtetestarenaaS

required.thetestsetupWasreCOnStruCtedI&TIdthetestⅦ

theTlrepeatedwith&dtlplicatechargc･

Atotalof12blastpugeSWereusedtomezLSutb)ast

overpressuredudnseachtest･Allofthepugeswerephced

illthegrouJ)dplanewithina90●azimulhalsector.TTLe
I

pu甲 yerePl喝datho血 ntaldistancesOf15m･.22A･.
34a.aJ)d50R.hmtheyerd血Ihewhidhpassesthrough

/JL-
thecenterorthetestpnit.'TheBrOundplanewasloヰin.
belowthecenter/bfttle.･.teSi･unil.Theinstrumentation′
equpmetLtWaS'adjustbdai向uiredlOmeasurethebhst

pressuiesth上wereprediTctdatstAJIdb打d血 ncesor15,
ノ ヽ

22,34and50Ikt.neoutputsi由akfromthepressure

pu8CS峨rell父d叫占tablish¶血eJr･Ju yal(T10A)d&tA:.I. ■ I
fot･in'dividualtestupits･Peakover･pressureSwerethen

calcdated血 gtheVOAdata&ndthefo]lowmgequadon:

′=7竿 '♪

ヽ

Wもere:p=peakoyerpressure.M=MachntmberAnd

P-atmOSPhedcpTm R.neMachnumberswerecall

cuhtedfromthefollowlngequation:4)

M-u/a

Where:UL=yelocityoftheshockfront,anda=soTIic

yeIocity.E)ementsortheMachntm)twweredetermitld

asfollows･Firstthevelocityortheshock舟oTlt(u)was

obtainedbycstAbliihingtheeqtnlionsofR弧Be･VS.･TOA
forspecificVectorsbmthe.'zcroratLge''lo掲don.The

''zeroranBe"1氾 ti血vnsinthe騨OuAdptaJle,104h(264

cm)direcdybclowthecenterol.tb声晦t.un鞍 neycctorst'

werese)ectedtopassthrPughthe如 gelocatioTu.The

eqtJAtiotuwereoftherollodTlBform'.･十.

rEか`

Where:T-mnge,bI;constant,t-也meorshoekhnt

prop岬 don(TOA)aJ)dC- ふ岬tint'

Next.rat)BeVS.TOAeqtnticTLS.Weredifrerm血tedto

obtainthevebcityofthF!?_OCkfrpTIt1(?)foreachpuce

location.Theequationswereortherollowinsform:■■l

u-F'=bcte-L 1

Wherer'=dedyatiyeoftheraJIBeYS.VOAeqtLation,b

-con舶TItlC=constantatldI=dmeofarrivaI･Th'e

sonicvctocity(∫)やSmeasuredAtthetestsiteatdletime
ofte;I.

1merecordedb血統pressuredataWeftadequatetOPrO-

yideafirstOrderapproximadonortheblastpressureAnd

impulsepaJtmeterSWhenthe血tA.WasCOnSiderdcollec･

tively･TherollowttlgequatioT)Wasfittedtotheexpen･

TnentddatarTOmeachpresstlrePuBC･

P-P(Ill/a)e~d/a
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AirblastPeakpressures:･A
Jerappeakoyerpressure

vAtJeSareqaP
hi
cally軸噂inFig.3.T
bgeneralcon･
clusionsarethatTEIT7005averagepeakover7mS
M

Ⅵ血esareslidldysqk
血rb虹色andsupedortoallo
ther

s血由tested.AIC
I
o父rranBCS(15122触t),TE-T7
005

hasanaveragepeakoveTPreSSurealmostidendcaltoH-6

whileovertherangeof22-50feet.
TE-T7005isapproxi-

mately5%higherthanH-6.
Overan,
TE-T7005hadaT)

averagepakoverprewvaltnapproxima叫4%hi
gher

thanHl6,t
hehighestorallthestandardsthatTE-T7005

wascomparedwith.
Comparedwith



andPBXW-125).neothersipificantyariablcst*tween

theHTPBamlogsaTIdtheexpe血entalexp)osiyeArethe

percenI&SesofaluminumpowderaJldNTO.'However,as
hldicatedbyTAble･1,TE-T7005fallsbetweenthem B

andop (withTe卯dsbduminum'at)dNTOconcentr&don)

andtheTerOTe,TE-T7005shotlldtheoreticanyfaIlbelwem

thesetwo'compoddonsdthTtPrds'toprfozTELanCe.ne

odyotherdiqerencebetm TE-7700SzmdPBXW-I24/

125arethe&hminumpwderpATticlesizezLndtype,how一

ever.thealumimlmpowdervendoristhesame.

Asindicatedbythedata,the8VeT88ePeakoveTPreSSureS,
AveraBeOVerPreSStmimpdseswdmeanfrapentve)oci･

desforTE-T7005weresipiLicad)tJygrtnterthJIeither

oftheHTPBanaJo夢OrTE-77005(PBXW-124/125).

ApoteTI血Iexphnation,firstly,ofthisdiLreTtnCe(since

thecompositionsPBXW-124/125esentiallybracketTE-

T7005withregardstosolid-scontent)isthtduelothe

muchmorefluidnatureorthethermophsticbinder.encr･

getjcsolids(i.e.RDXandmO)aTem血 moredhpeTSed

inthebiTIderrEL&血 thtspeTTnit血gamoreuniformdetcr･

Ttadot)prw .nebhdir･typeis'ATLiok6ICbrb.P蕗･

prietArybitlderknown85m -531(whichhasAmeltiTlg

pointor82℃)andisessential)yalowmo]ecthrweisht

(500MW)polyethylenehydrccarbonmixedwithaplas･

ticizerinan80/20ratio･6)Asecond,morephusibletheory

isthateTIerWWhidhwotddnomdlybetldliZedforcured

打TPBbondbreahgeisnowavaihbleforhgment

breakupandaCCelemdon的 W曲 asforfueloxidAtion血ce

bothhgmentvelocitiesandaiTbhstyalucs･ofTE-T7005
aresigni氏cqTItlyhigherthAtttheHTPBanalo野･A.third.
andpossiblysuppI.ementAltheory,isthatthealuminum

powderitselfmay00ntAinatypeorreactantcatdyst(with

repzdstodumintmcombvsd0718SitJdatcsto血blast)

thturesdtiJlginhI'd)er&irbhsICharacteristics.An earlier

paperOnthisstlbjectreveBIedthatdinTerencesinalumi･

nut)type(withparticlesizedifrereふcesofotllyILLm)

rcsu)tedintremendoIJSdiErenncesinbummteandimpel

ttLSOrexplosiveswhichwereothezdseessentiallyidenti･

cal･Evencomparedtoacomposidoncontaining5LLm

ahJmiTItJm(which00ntAiltSaTmChhighersurfaceareaaTId

associatedaluminumoxidecontent,aknownburnrate

catalyst)bumratesandimpeltuofthem positioTICOn･
tainingthealⅧminumtype(X-81)used10mamlf&cture

TE-T7005weremuchhiiher.

Condusions:

'ThedatademonstratesthtTEIT7005isahighlyef･

fectivehighexplosivecomposlt10nespeciallyw仙 re･

gaJtLstoairb18SIchmddstics.AirblastTXdormaTICe

comparabletoH-6(whichcontains45%RDX,30%

TNT,5%D-2waxAnd20%Aluminumpowder)was

observed.Thiswasquitesurpr)singCOnSide血gthefact

thatIト6containsamuchhigherpercentageOrtradi-

doTlalhjghexp]osives.I

･SigdTlGmlPerformaJtCedi飴I切CeS(espccidlyairblast)

wereobservedbetwectITE⊥T70058T]dsimilarCOmP･

sidonscontainingHTPBbitlderinsteadorthemeltable
binderTT8-531thtwascontainedinTE-T7005.Per-

formancev8luesforotherexplosivecompositions

(manufactureddrithsimihrlowmolecdArweight

binders)mayresultinsip irICantlyimproyedperfor-

trLaJICe(inteTTnSOrincTtaSedh騨IentVelocitiesand

airblastch&ractedsdcs)reladvetoHTPBbasedcom-

positions.

･Incidentaltothemanufactu血gprocess.largerScale(5･

GaJ)on)TNTmeltkettleprcassability(withaninert

equiⅦlenttoTE-T7005)wasalsodemonstratedinthis

study.

･-Subseqtlentl岬'駆de秘 .東血tivilytesting(Bdet

Impact.FragmentllnPaCtaTIdSympathetic

Detonation)verirLedvasdyimprovedsensitivitychar･

acterhticsofTE-T7005relativetotheHTPBanalogs.

Impactsensidvilytestresultsdlbepublishedatalater
date.

Recomrnendations:

1･VerirlCationoTimproyedairblastandfragmentation

characteristics(dthbiTIdertypeastheonlyvariable)

shouldo∝urdthdimerentcompositiorlStOdetcrTnine

jfthepreviouslyproposedtheorylSVA)id.1mistheory

proposesthlcneTgyWhi血wouldnorTnallybeutilized

forcurd HTPB.bondbreakagCmaynowbeayailable

forfragmentbreakupandapcelerationaSWellasfor

ftleloxidation(duetothelowermoleculArんeightor

thebinder)becausethedatashowsimprovemeTItSin

bothfragmentvelocitiesandairblastvaluesorTE-

T7005whencomparedtotheHTPBanalo旦SPBXW-
124/125.

2･Fd ereⅦluationorthespccirICaluminumemployed

forTE17005(X-81)aswenasotheraluminumty押

shouldomrtodetcm血eifanycata]ylicactivitymay

behproⅥngairblastcharacteTistjcs･WhilethistheoTy

TnaySOtmdfar-(etched,other血tahsrevealedthtdir-

fereT]CeSina]umjntlmtypes(withp8rtic]esizedifrer-

encesoronly1Llm)resultedinlreTnendousdinTerences

inbumrateandhpetusorexplosives,whichwereoth-
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erwiseessendallyidentical.

.･Acknodedgments.

Gratitudeisexpressedtothe.U.S.Navywhorundedthis

advancedtestitlgand.scale･upeffortundertheInsensitive

MunitionsAdyancedDevelopment(lMAD)cfrortaJld

whoatlthorizedpublicationorthisinformatiompThisscale-

upeffortwasconductedAt.theHuntsvilleDivisioll0f

ThokoICorp.(wheretheauthorwasemployedasthePh･

cipaHnyestigatoruntilclosureofthatfacility)zLndto

whomrgralitudeisalsoexpressed.
References

1)StmraJLT.S.I,aJ)dGrahm,W.H.,Formdationofa

MeltCastableGeneralPurposeJnsen.sitiveHigh血I

plosive.JournalofJapanExplosiveSociety,58i2,
.1997 .

/

･) l

2)Sumrallct･.&1･iU･S̀申tentDo血et･Not1090･613,

10ApriJ1993丁､,'･.････:i JLl.;･1

3)BurBess･,W.J'i;Reportof,VulnerabilityandPerfor･

manceTests.ofABFCandidateExplosives.(U.)･;Ex･･

plosionDynamics.Branch,NavalSurfaceWArrare

ICenter.▲Dahlgren,VA;July1990.! ノ11. 1

4).Kinney.0.～.1.F.,.Exp)osiveShocks:in.Air,The

MacmillanCo;,NewIYorkiNYi1962.∴

5)U.S.P&teTItApp滋cadon.DocketNo.1090.6.13.

6)StLmtd,T.S.,SubTSca)eIngredientScreenhgtoPre･.
Idict･BumRate.andPerform aTIαOfanhsensitye

AJuminZgGeneralPuqx)seEkplosive.23rdlntema･

lionalPyrotcchnjcsSeminar,ITsukuba,Japan,Octo･
ber1997. 1 日 .

I

′

I T -1 ′/･

.= Jj l ■- IJ

融解性直填可能な汎用不感性爆薬の性能就験結果について

･TheodoreS.SUMRALLt
I

熱可塑性爆薬(TE-T7005)は,低感度特性,低製造コスト,.･高い理論性能.･･経済性と環境 r

問題の観点から有利である再溶解性を有Li∴さらにクックオフ時には吸熱性となる特性を有 ●･

する･ことから;･汎用の不感性高性能爆勢(IHE)として開発された..I:本論文では大規模な実敵･

によって得られた,TE-T7005爆薬の衝撃値.頂圧･,･L破片速度の結果を爆薬H.16i■PBXiLIO6,～

トリトナール;それにtrrPBを用いたTEトT7005爆薬と比較しで示す｡l･'J*片速度性能は1:Bo41:

ふ/Sであ'り,Iト6の90.%に達しており:PBX-109(1906h/S)●とトリトナ⊥ル(17'ill.&冶)の中間 `

にあることが確隠された｡歯学噂にづいてはH-6と同等であるが,頂産は虹 6よりもわずか●･･. ･ ･･ 1
に優れているととがわかった｡またHTPBを用いたTEIT7b05と比故し破片性能に優れ,.さら-

に爆風性能では著しく高低虚セあることがわかった｡
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