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A STUDYQF DIVERGIM ~TION IN HIGH-EXEUHVE
SYs’rms

PierK. Tang
(M Alarm NationalLaboratory,Universityof
California,ma Alamos,NM 87545,USA)

Initiation of m insensitivebigh~osive An chargem.u*
achiewdkyusingabomter. There@2=ent fortheEloSterIx@
qMsive shouldb highsansititityratherthanhighemrgy. Using a
X’eaotiwMKlel, thisImriy presentstheevolutimof detonationin
PEX-QH32Ewln@3rge wLthtm different boster materials: lmJ-
densityultrafimTATBarrlX-04Y7in a divergingoanfiguration.

In nauy high-explosive(HE) qystems,only8 smalldetonatoris maled
to iritiatethemdn chargeif sensitiveaxplosiveis ~. However,
withInsensitivehighexplosive(IEB),thatS8B’Mdetcmatoroannot
suppxt a strong ahoI& with anough durationto initiatethexmia
clwge ~ of IM longer dwtfulm Isd!@ for sho&-to4etonation
transition,ThedivergingCKdigumtiollCL?wavew3kens the Shmk
strengthfurtheraxxiBBkSSthe SituationevenWOm ; thedetOnatiOIl
waveHkq?eventllsuyvanish.Witha staging approaoh, forexample,
usinga boo6ter,we caninitiatethe IKE* olwge withoutdif-
fiaulty.of murse, theeqLo8iveh theboostershouJdkSmoxw
sensitiveaU5usuallymre emrgetio. Thehoo6teris typioaUyhemis-
pheria3Jail shouldb Umge enoughto supporta detmation with

suffioier.tirhensityanddurationm thewavepropagates into* *
oharge.On the othm had, forsefety,w do notwantto use tm
largea bowtm; thatwoulddefeatthe ~ of ~i~&_
main oharge. merefOm ,ck’t~tion of kOoSter

The selection0+ boster sizead nu3terl.aLis usuallyomricxlout
experiJIEntFx.ly;a olassof exprlmnts, cmmnly knownw onionskins,
h8sken Ooxxluotato ezMllM thedetonationpttern in the&n
ohargew thewavemerging froma Mmispheriml surfam rmordd ky u
f3tre8k otumra. If theka’eakout~ttem is rEEU~y@mn , thenthe
titonationwavemustb 010ssto hemisphericalInsidethstin charge



Eudshouldlmmnddera a god initiation. ~ of the looation

of thedetonatorad theWQ3kmbg of thedetonati.mh Clivergenos,
~ioularly on the side,themm iS not emutly Mmiqherioal. If
thekoosteris W, thedetonatimmy notdevelopat all on the
side,lea- a regionof no ~tifiahle reactionin themqerimnts.
Also,~ W lesssensitiveboater HEs canprduoe erratiobrmkout
patterns.Uwlg Onionsldnmqer-ts , m m aoom thepxpr
material~ sim forthebooster.Howver, the ob@ctive of this
&* is ad qimntation; rather,m wantto mu2h the sanegos2
~ ~ - n=ical slmilation.Withqt~ ~ Of HE
kahatior,particularlyan ex@&xLt hot-spt mcdel,‘ wbiohtreatsthe
explosivereactionwitha ml~isteppromss,we hay rep-kl the
koosterbahwlorw.thregszdto grednsizeeffects.

As stat~ earlMr, theboosterHE is typiodlymm emrgetio EUXImore
sensitivethanthe~ aharge,WC theemrgetioaqect scmtinm
ovmdrivesthe- oharge,resultingh scm undesirableeffeots.
Fortunately, w f~ _ of enhamhg the Initiabllityof a HEdllly
insensitive~t ~ lowr~ thedensityaai tiucing the grain
sizeor @ addinga smsU amount of smsitive mterial to theMi-
@ly jxlsensitiwKdJlOmlpnant. lav-densityultrafimTATB (1,8
g/m ) is representativeof the formr aniX-CM7 (’?0%TATB,25%PETN,
5% Xel-F)thelatter;bothareusalsa boostermterisM in this
investigation.=~ktLd~@Ot6~ShOwn ln Fig,1. In
general,X-040’?is lesssensitivethanlow-densityTAT73exceptIn the
lcw shockpressurerange,lxtX-04U7 is more~getio bcause of its
higherdensity(1,87 g/m3 ) SM PEINoontentas ~ withlow-
densityTATB, TheChamELn--Joupllet(m) Pressureof X-040?is 2xlkbm
versus-2?0kberforl&Mensit~ TAM, -
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DEImATIfm

The configurationfornumricalslmlatlonis shownin Fig.2, one
half of the regionComKuiLyfeud h onionskinqlerllmrlts. The
boosterskeis30H 01inUiamter, ada~of PBX-9502(95%TATB,
5% Kel-F) With 10-mnthiCbMSSenVelOpSthebOOSter. The -Cit
hot-spotmdel ad ~ equationof state’are= forthosetwo
hmster HEs d theacmptor. Themtiation of theboosterIs ac+
ompMsh@ Q!?a smll detonatorof 8-m diameter- 4-m thi@mess.
The=Ion xmielIs oalkl programedturnM on constantdetona-
tionvelooitywitha fractionof surfaosusd forinitiationon the
bottomof thedetonator.Thedetonatorexplosiveis PEE-9434(94%
HKX,9%N2, 3bCZF)wlth JWLeqationof6tate @.e TheHE~em
is kmurlby layersof PlaglLM to provides- pressureboldary @
to prevent~ssive msh distortionforoqmtatlti convenient.
COmputatlanis performdusingDYNA2D*.

Figures 3-a through 3-d show a squenm of ~ mm fractioncon-
toursat dlffergnttireswithX-04U7cn therightad lw-density
ultrtihkeTATBon theleft. At 1 us,Fig, 3-a,thedetonationfrent
is wlJ develu@ _ forthe slLghtA&ways r-faatlon in the
lm4enslty ultraftiTATBbooster.FortheX-04U?’Mater, the
detonationpropagates mdnly In a oonlail fashlm; on the side the
remtion spreadsoverS- CUstanmhltwithoutCletmatian.The
CM.fferenm Is due to thellludhigherLBtitity of low+ensity
ultr&FLmTATEoverX-(MU7In theM@ shookpressurelevel. However,
the situationImprovesa greatded as the goesky slncmX+34L17is
mom emrgetlothanlow+ensityTATB,amlam pxmcklea higher shcdL
pressul’eto driveitselfto my Clevelcpldetonationevencm the
sideas seenat 2 MS, Fig. 3-b. At 3 M.,Fig. 3-o, the detonationis
~ ~ efi~~ ~ m - @=ge regionforbathcases.
Thepullkak of thewaveat theHE axlPHglaslnterfam lsoausd
w thedeador partialreaationregionand~ the 100alrarefaotion.
Thewavefrontis quiteoloseto a hmlsphericaJoonfigumtionazxlWJ
omslder thata gaxlInitiationin a divergingsituation.Figure34
showsthatthereaationis essentiallyoomplti at 4 us, Although
theX-0407boosterleavesa largepxrtldlyreautedzonsMmwss the
lmAensity ultrtiimTATBbooster yields a &finite,eventhough
SmU, CleMlregion,~ do nothave~ slgnlfimntlyIlleffeoton
theClOvelqmntC)fdetonationh PEU-96C12.
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Figure3-b. BUrnalmass
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At thS With@ Of this pa~r, ~rjJE)llt~ W~ b IIOt yeu aval I -
*lo to supprt thisnunwricd@@y, However,thisInvestigation

demnsbratesthe fed.MLity of using mlaUng ml numrioalcomputa-
tionto mnluate thsdivergingMmnation m an HE system,in pn-
ti.oularthemhmcmmnt of Initiability~ usinglow-densityad SllUll
grti ~ or @ addinga sensitivelngtia~t to ths insensitive*
My forkuosterwe, BothX 0407ad lowdensityultrafh TATBus
UCcqtubloforthatpurpose.
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