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PII[:I{WX,~n acrwym fur Pulsed lligh-llncrgy~acliographic~achinc.-
~mitting ~RiIys, has Wn urir~diisa diagnostic tool W mak(!quantitative

measuruilwlts from racliogrnphsof inert materials unclcrdymmic high-pressure

conditions iindof (JJ(lJlOsiVCs during thu df!tondlionprocess.

In SOIIIC [!xpcrimunts,rm.lioqr~ptryis the bust method (compiircdto

high-spi!t!dopticillcamuras wld conl~clnr pins) to study complicated hyfJro-

clynm:licflow occurrilq in a dyllmic ~xptirinvwt. To clemonstratcthe versa-

ti1it.yW14 UIIiquotwbs (J1l)llllRitlIX‘IndLhu rir:liugraphic rwthud, several expcr.

imunts on inerl solill%hi]virlghigh illd low ~JLowicrlumlx?rswill bc cliscuss[!d

With S01112 l)dl.~jCUldlS. “[his in~ludcs Lhc c)b$orvilLionoi t.liull.O-Gl)il-prus-

$11Iw phds(! Lr,lnslLiml for irntim!mynnd th~ acconuhmyillgIwo-shock Structur(+

ml tlw ofl-llugouinlddl~ for ludd using regular reflection. Alsc, by c~rl!.

ful design of iIrir’lioqr,lphiccxpurimonl, the Ilugoniutst,Ilicb(!hlnda shock

frorrlCiIIIIm complf!lely Ilmlprucisr:lyspccifiod, Aluminum is ml ux,wnpIQ of

irIIICI1(IrliIl!.ludi(’sill111IS tl)iltltl(sr.

PIIIWKX is useful in sllldyingSOIIICdelnndticm pro;wllns of

(!XplfJSi V(!!i. As irIIillust,rilliun,tIIrdiscursiorlwill ill~lud{!rw,iiqp.llhic

WSII1lS of divurg(!flc[!cht~riict~risLlcsof ird[!tmltion wav:!in scnsltivc aIKI

if]r[!n%ilivc UXIIIo:,ivcs ilsit propng~tus past a cornur dnd tho offeel of

prcshockil]go:]ttlt!dutcrni]tiorli’roc(!ssof irm.wsitiv[!cxploslvc$ when thr

cletcmtlotlwilv~irll~’rirctswith iIrqion LhiltlidsINCIIIsllock-colll~~rcsst’rlilt ir

prcssurl!tcm low 10 cflu%cdctondtiun.

The Aov(! ,Ircml y irfi’wof tht!hundrmls of rtd lLJW’IIIJh ic studil% of

Shock-wlvf!lJhwKwnwlA of S01 Ids illlfl dctotldtion chdractcristics or explosives,

A Collll)l(!l,i! 1i s!, of IIIII,IWI”X c!xprrim:!ntzis puhlishcd in “LAN. PIKMM1:XIh)ta

Volllllll!s, 1, II, llnd 111,” [jnlv[*t’sitIyof C,lljfo)Sllj~~~t”l:ss,D1!l’kLtl~~yall,~I.os ,

Ang~!lcs,Cilli[t)rnlil, 1%::1, :’. l,. M!ld(!r 1.(’!Itol’.
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PIIIUU4EX,an acronym fur ~ulsw.1lligll-~ncrgyF@iowdphic Ijachine
~mittlng X rays, has been used in ml tipTc-experiment flastlradiography to
study var~ous ~rlrodynamic phcnnmcna. Since PIKRMEX bCCdmC Operational in

1

1963, many dynamic high-pressure cxpcrirncnt$Ah~vc Imen performed on many
diffc!rcnLinert and reactive ~JtC!ridls ttlat have!low and high atomic numbers
and densities. In this piqmr, only a fcw of the mmy experiments arc!
discussed.

The sUtJJQCts for the first section m single-shock Hugoniot data

for aluminum2 using pcrpcndicdlar drive, off-llugorriotdata on aluminum3,4

using n!flectcd rarefaction ~nd Hoch-reflection tccllniques~high-pressllrc

llugoniolexl)crimcntson lcfid5using regular-reflection mcthodso and the
results of sLuctie%LO obsmm the presence of douhlc shock waves in several

solir.ts6.The sc!condWction is a discussion of CxlJQrilllerlts to examine th~:

corner-turning properties of sensitive and inscnsitivc7 explosives. In
thmu sLudim, PIIHWX radiogr~phs providd unique infcma ion about the
divergcnco of ka dctonaLlon WCIVCIISit propagat.cspast a 90 corner. In the
third sucLiorl,radiographic experimr!rlLsare dmcrihtxl In which ciescnsitizing
~ction (JFhutcmgmmous cxplosivos was accomplished by prcshocklng techni-

ques. “rilerc!rulLs OF Lhcse (!xpcrimmL~ hav[!hum numerically modclcd8 uslrvj

IJIO“l”orcsLFire” tcchniquo.9

A. llYNNilCIXIJI:I{IMLNIS(N INI.I{TMAlt.RJl\LS

Slnglc-dlock llugmloL dcILdcirn k oblilincdfrom flash radiographs
of cxl]lfJsivc-lll~!t.fllsystrm usirlgx-ray sources Lhat h~vc very good sp~ti~l
and time-resuluLion ch~ractwistic$. Using radiographic techniques for
mmsurlng (’qll(lliu:l-of-st~’.cIlr(]lmrtiesrcquim th(llsmll diffcrmccs in
ilr(tc]l &~rl:.it.y IN! Ol)st:rvilblc, l,tli[L cdg(!s and discont,inui~icsbc distinguistl-
iIblP,and t,hatsufflcicn!.flux and pmetraLirlg radlfiLiorlbe ~ViilldJl(? Lu
ilccUr:lLulyIucllsurritngl[!S, inl.urf~c(!pcJsiLions,and $lighL Illdt!!rialdrnsiLy
charlgrts.Thr usc of I)IKRH1.Xm carefully d’!slgnudcxpprimcnts ha% pIod”Jcud
very good d~t.[1frulllMilch-rcflcctim, roglllar-r[!flc~tior}~and ohliqur!-drive
Lcchniqlu!sw mmy different llldl.(:riiIIS.

Ilugorlid.dal.~1on tilumlmm wwc obLirlnudby nlcdnsof a dotcm~Lluu
witvcIIromvliIIg~ILright ~rlglcsLo the alumlnum lntcrl~cc. A schcmatlc of
the fl\Jlddyndmics is shown iflrt~, 1. Sincu the duLm]ution vclociLy (l.))is
assunml Lu br:mnslanL, Lhc shock vclocihy (Us) in L.huiIlunlinumis glvo: by

us 1“1)s1110 .

For th! sin!llr?-shoch conditii.m, llw Ilarllclc W1OCILY(Ull)and thu inll:rldw
dufscclion drc rcldlcd by

11,,‘ ~~;”~-/~$#-+ -~~~,; ●

1ho ,JI’r’:,!illt’l.’in Lhu filmi mm IS calcu1atrd frm
II .. ‘loll+,.
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by 100 mn by 127 mn long in contact with the aluminum sample that was 64 mn
wide, 100 rmr thick, and 114 m long. The radiographic thickness was 100 rrrn.
A plane-wave explosive lens initiated the driving explosive from below. The
dynamic radiograph shown in Fig. 3 was taken after the detonation wave had
traveled about 75 nrn. Figure 4 IS a line drawing showing the principal fea-
tures on the radiograph. Line OA is the detonation wave, OU the shock wave,
and W the interface. Angles o and u were measured at the intersection
point O because the shock and interface were both curved. The results from
three experiments on aluminum using TNT, Composition R-3, and PDX-9404
explosives arc plotted in the Us-Up plane shown in Fig. 5 and listed in the

table of Fig. 6. Thu US-UP d~La obtained radiographical ly agrees very WC11

with the well-known Hugoniot curve10 for aluminum. This technique was used

to obttiinHugoniot datirfar other materials.

In addition to obtaining Itugoniotdata on tho SWIIPICmaterials from
these expcrimerrts,some properties of the driving explosive can be deter-
mined also. Onto the angle IX and the pressure in t.lwsample is determined,

the Chavman-Jouqet (C.JI rm!ssurc of the exnlosive cnn bc calculai.cd11 from
a gauma~law qu;tion of-state of the form “

E and f) are the uncrgy and density behind the dctoniltion
stirntfor thu CXI;1OSIV(!,P Is the C-J r)rcssure,and Q is

front, Y is a con-
thc cnerm release

fran the clclmndthw reaction. The calculnLion~l procedure is to ~~oosc a
viIlucfor gimta thut nwtchus the IIrciIsIIrcdprossun in the snmplc and the an-
glu u, giv[!nthe dotrmtion VC1OCILY firldinitial density of the explosive.

Oflm-tlufloniotdata for o siImplccirnbe obtained by r~flccting a
shock wave frorll~ second niirt.orialwith iIdiffurcnl.impcdilnce. In this
cxperimentol silmtion, cllhcr iIrcflwtcd shock or i.rrcfluclcd rart!~~ctiorl
will b(+fonmi dnpcndirqjon wh(!thcrthe Im!mhncc is lnrg(!ror smaller thiln
the Sdlnpl(l● Figure Y Is a schcml,ic drawing OF th(!ohliquc-reflection tcch-

niquug ‘ihistecllni[illf!3W(IS[ls[!dLO lll(?ilSIJ1’r!th~ SOIIIK!Spf?(!dillpre:ihuckcd
alurnllluul.In this Cil%(!,tho rcflcctd wilv[!is d rirrcfdctiot]WJV(I, iIIId IIILIiIS-
Iirk!lll(:rlt of angl(!1!is (I function of tht!sound Spucd Lrsit travelS into the!
prc~llnckodalumlnum. TINJ(!Xpcrimclllcorlzisludof Oldctng two ~03-nlll-lorlgt),~

lo~-rnn-squareblock: of Composltign N-3 (!xploslvcon two sidrs of an alunli-
nuniWCCI{I[!nlimhlrrudto h~lvutwo 40 anglcst Two planc!-wdvucxploslvc lenses
initl~l.ndttm oxplosivc block slmulLirneously. Tanldlum foils wcro omh[’dd[>d
In tho alumlnmr for rdcllogrnphlccuntrosL. Figuro U is a rr!productionOr
tho static rwdiogrirphof the sound- speed vxlwlnlcnl.. A ruprwiuctiorrof’the
dyndmlc riidiog@l is Jlown in I:lgm99 and a Iin(!drdwlng of the mdin
fc!dLurr!sI!ishown if)Fig. 10.

At the i.rlumlnumwedge!-alrlntcrf~co, ttll?two incldvnt SllOck\~ilV1’S

strlku thfiInt(!rfnc(!obliclu(!lycdljsingd rarufclcti(mwave!to br rcflc!ctod
birckinto the rocomprcssml aluminum. Dy nml%urlng [!ml (1at tllupoifltot
contrlcl.~tidby I!nowlnqi.ht!Inchlcudprcs%urc in the ~lllllulnllllllthu SIM!QCI(Cp)

of th(!rdrcf(lctlc~flW(IV1!irlth(:prcsllock(!d~lullllllillllcnn ho c~llculatedfrom
th~![:~l)ru!i%l~t]

$
b’ U,,cos (Ii+ ~) 1 Us sin 1~/slnO ~

Ihl?F(!!NI1lsft”w th~!iIIUNIINUIUcxpcrimml. dru Us ‘ /.?i! kul/s,U,,~~~1.4(I

km/s, I:~ fi~o.~{h 40.20° ~ ‘ 7.4?!J kI:IJ%) 1) “ ~/.~ (:1’(1, illl~ l’ I: j ,21, sll~).p
.ict’l[lt “~)” ilIdtcd!,uS tht th(! Ill(!fi!jurwmt +q hphiwl lhII III~iwIiIs.tl Cl~FIIIL
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wave. Mm]surcrrwntof the angles 1~and 6 must be made at the intersection
point form~d by the principal shw.k and the rarefaction wave at the
interface because of curvature.

Rcflcctcd oblique shock-wav~ experiments for which the collision
w;l’;!;yiml(!tric(A = O in Fig. 7) h~vc been pcrforrrmlon lead using PIIERMEX.
!il(! regular-reflection cxpcrimcnt rlcscribedhere consisted of a 14.O-mrll-\+ide
by 25.4-rrrn-thickby 127.O-mn-lnng lead sample sandwiched between two pieces
of PRX-9404, each 63.5 mw wide by 25.4 rrrntt,ickby 127.0 mu long. A P-OZI
plane-wave explosive lens initidted the PBX-9404. A reproduction of the
dynamic rddiograptlis shown in Fig. 11. 13ynmazurirrgI.hcangles B and o
(sew Fig. 7) and kno\iirlgthe incident.shock state, the rcflcctcd shock and
particle velocities (Usr and Upr) can be determined from the following
expressions

a ml

u = UllCOS (f! + 0) + Us sin fi/sirl0 .sr

Result:;fimolnthe lead experimcnL follow: Us :.2.911 km/s, U = 0.601 km/s,
P

P = 19.0 (iPa, o = 19.32°, (~ = 21.16°, Usr = 3.634 km/s, U = 0.608 km/s,pr
and P = 51.6 GPn. From th~se rcsulLs, the Grtineiscnratio (r) was calcu-r
lated to bu 1.96.

PtiLl{MIXradiogr~llllsclearly shuw ttluformation of both the first
and second wtIvcsin mcrtcrialsshocked to a prussurc fle~rthe phase transi-
tion. The prcs~ur(!iIssociaLc!dwith ;he first wirvcis the pressure of th(!
tr,lnsitionand I,h(!secml W(IVCcorresponds to the overdrivlng pressure.
l~eri][!r](lic[llilr-driv(!Lc!chniques.prcvio::slydiscussed, were used to perform
ri]ctiographiccxpvrimcnts on bis:nuLhand antiluony,both solids, and w ciirbon
disulfide, i.rliquid. Thu cxlmrim(!ntsconsistt!dof blocks of explosive ini-
tiated by ~ 1’-040l[!nsin contact wiLh the solid samp’lcs, A reproduction of
(Istatic radiogrilldlof a typical arrarrgcnwntIs shown in ~ig. 12. The two-
shock sLructurc obst!rvcdin bismuth is shown in Fig. 13, and Fig. 14 is a
‘Iinudrawing showing tht!pritlcipdlfcatllrcs. An tIn~lyslsof the racliogr(ll)hs
inclicatoth~t ttlt!first- and sucond-stwck curves origintll~’from the smup
point,on the int,crfdcc,ml Iwncr.!,thu transiLiof]timu is postulated to Ix
esscnlifillyinstilnt.irn(!nus.A nmasurumcnt of tho ungles suhtendcd by the two
shuck wavc~ ml knowlrrgthe dct.on~llonvelocity of the baratol explosive
yields d transition pressure of about 2.7 LiPa. This value is in good irgrcu-

12,13mcrrtwith previous work using diff(!rcni;ditignostlcmelhods. In con--A
trast, the trarrsFormatiunJ’+irlnntirnonyat irbout11.0 Cil)adws not occur
instantaneously but rcquirus 2-3 IIS. Figure 15 is a reproduction of the
dynamic rndiogra~)hot’a two-shock cxpcrim!nt cw antimorly,and Fig. 16 is n
line drirwlngof thu main fcatllrcs. From the radiogrilph,the first shock
wovc h~s a downword curv:lLurc(from o decreasing v(!lucity),while the scconcl
wave orlgini]tesat the same point as the firsL wave but starts at a v[!rylow
velocity (sIIIallS1OPC) atldLhcriilcc~lcriltcsto a higher t.cminal vcloclty.
If the s[!condww is uxt.rirt)olatedb(lckto tho irntimony-baratolinterface, a

time dt!l:!yof 2-3 US is obtained ngrc?[!lngwiLh Nilrnrs’
14 observations.

Th~ fin~l exampl(!of a two-shock structure ilssociate(l with a phost!
chanqt!is an cxl)erimentin which a block of CuInpositior]U-3 Qxplosivu drives

liquid carbon disulfidc at right imglr!s. A ph~lsutr,lnsitiorl15,16 Occut’;irl
cnrbol]dlsulfldc at about 6.0 GPa, blltLhu question ill]c)llLthe prc$unc~ ~i”~
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two-shock wave structure associated with the transition has remained unan-
swered. A radiographic experiment was conducted recently to answer this
c,uestlon. Figure 17 is a reproduction of the dynamic radiograph from the
c~lrhondisuifide experiment. A double-shock structure was observed. The
trans~tion pressure of 6.8 GPa was calclllatedfrom a measurement oftr
(26.2 ) for the first shock wave, from the knowledge of the detonation velo-
city of the Composition B-3 uxplostvc (D = 7.93 km/s), and the carbon
dlsulfide equation of state.

Both liquid and solids exhibit a two-shock structure when shocked
to a pressure at which a significant phase transition occurs.

B. DIVERGENCE STUI)ICSON DETONATION HAVES IN SENSITIVE AND INSENSITIVE
EXPLOSIVES

An inlport~ntproperty of an explosive in practical applications is
the ability of the clctondtionw~vc to turn a corner and propagate unabated.
A series of flash-radiogr~phic experiments using PHERMEX has been performed
to ccxnparethe ability of the insensitive explosives X-0219, X-0291, and
PDX-950Z, and the sensit:ve explosive PBX-9501 to turn a corner with a 90°
ar’lglc.Each of thcso explosives is described in Fig. 18.

Figure 19 is a diagranlof a typical explosives assellbly,and Fig.
20 illustrtitcsthe radiographic gcornetryused at PHCRMEX. A reproduction of
a typical st~tic ratlfogr~phis SllOWnin Figd ~i~ The explosive charge as
shown in the figures was L-shaped with a 90 imide corner and presented a
radiographic thickness of 146 nw. A Lucite plate cenwrted to the explosive
served as a mechanical support and as a means to determine sune of the cx-
plozive’s paramctcrso The inscmslLive cxplosivc was dctanatcd by a P-081
lens and u PDX-9501 booster explosive. (lnlythe P-(M1 lens was used to ini-
tiate the PUX-9501 samples. TIIQdyn~mic radiographs were taken at different
times to ohscrvc the!progress of the detonation wave afLer propagating
bcyonclLhe corn~!r.

The rcsulLs on the inscnsitivt!explosives X-(1219, X-0291, ml
PBX-9!J02will be cluscrih(!din this p~rngr~uh. Figures 22-24 arc dynamic
r~diugr~ptlsin succeeding time steps of corner turning in X-0219~ the Iuost
Insmsltivc of tho cxplcJsivcs. The distinguishing fuaturcs of the rodio-
cpphs tirethe curved and well-cl[!finccldctunnL{on frorltin the cxplosivu,
the largu triarlgul~lr-shirpcdzone of high-density matprial near the corner,
the shirrplyclcflnudhounc!dryhctwcen the compressed zono ml the cxplosivr
gases, ttrt!well-duf+nt!d~hock wovc in Lucit(!~and tho slantud front and h~cl
sllrftic(!sof the Lucitr!pldtc. Figures f5-27 are dynilmicradiographs of cor-
ner turrlinqin X-CW1 which Is rnorcsensitive thnn X-0219. The fcaturos on
the rtidiogriiphsw sinliliirto X-0219 cxccpt that the si~u of the compressed
rcgiun at the corner is smaller. Reproductions of dyn~mic radiographs of
IUIX-9502me shown in Figs. 28-30. The principal fcaLurcs on the radio-
graphs am! similar to X-0219 and X-02fll. Th~ comprcssc!clzone is very much
smaller thirnohsc!rvcdfor X-0219. For cowparisun, Lhc corn(?r-turningch,~r-
acLcrlstics for the sensitive P13X-9501arc shown in the dynwnic radiographs
of Figs. 31-330 Tll(!f~~l~llr~sflrcvery simildr to thu lnSCllSllijVC CXP1OSIVCS

cxccpt thcrw wits II(J compressed zono at Lhc corner dmi the dctonatiol~w~vc
oppcllrsto be spr(’cdlngpast the curncr with a circular shape whusc ccntcr
wns aL the cornur.

By wiryof explanation, it appears thi]tas the detonation front In
the!Irrscnsitivcexplosiv[!spropilg~.rtuspdst t.hcright-angle corner, a com-
pressed and unrcoctcd zonu begins to take slwp~:frum a decrease In pressuru.
Thi? zorm build!;to a SIZC ~nd shupc thfitdcpwlclson the sc!nsltivftyof the
mtnlns.tw. Wilt. i~. fm a c~nc{tiun nuIIlnciuM IiLn rmr-aml thn- iC mm
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unrcactcd zone, but for an insensitive explosive like X-0219, there is a
very large unrcacted region. Larger ratios of TATLIexplosive to binder as
in X-0291 and P1.iX-9502have corrcspcmdingly smaller unrcactcd zones. The
currpo~itcdrawings of the radiographic features for X-0219 and pBX-9502 arc
shown in Figs. 34 and 35. These illustrate that the detonation front, ori-
gin~lly at the apex of the compressed zone, travels down the side of the
zone eventually le~ving the rcqion isol~ted within the explosive gases.
This zonr:appears to persist for many micros~conds ~nd it mny never detonate
in the normal sense. The arrows in Figs. 34 and 35 signify a decrc~sirrg
dcLoni_rtiorlvelocity which suggestsoa dccrcase in detun~tion pressure after
the front turns through alwt a 45 angle.

From measurements of the angles (Iar.du from the radiographs and a
knuwlcdgc of the duton,ltionvelocities of X-L1219(7.53 km/s) and PBX-9502
(7.63 km/s) and the c!qudtionof sLaLc of Lucitc, the C-J pressure (l’CJ)and

the giIIIIIM-valbcof thu explmive can IIccalculated from the ganrna-law~~~rmli
lation of the d[!LormLiorl.The cmputed values for ~~lilil~ and PCJ and other

The rcsulLs from l,hecorner-turrlingoxpcrimnts are sumarized in
Fig. 3/.

C. PI{ESIIUCKEDllA!{ATol.,I)BX-95UZ,AND X-0219 i:XPLOSIVhS

PHEl{MIXwas used to study the behavior of a dctonaLion wave pro-
cccdirlginto prcshuckcd r’xplosive. The WIIIIJIC explosives undur study were
bar~tol, PBX-95[)2,~nd X-0219 iindarc dcscribcxlin Fig. lb. The cxpcrimjn-
t~l conc~pt wiIsfor a d(!toniltionwave to inlcr~ct with a shock wave produccci
by the imp,lct.of a steel plate with the explosive a:]cidircctcxlat a right
angle to the dctorlaliionfront. The chirractcrisl.icsor Lhc interaction of
the dehmtion with prl!%hockmlexplosive clcp(!n’lson the shock pressure which
in turn governs the run-Lo-dctnnuLion distirnc~. In each cxpcrimcrrt.the
sample siz~ WM 65 m by 1O(Im by 150 IIIH with th~!radiographic thickilcss
hcing 100 Nm.

In thu Ixlrdtolcxperinwnt, a 6.O-uwl-thickSLCC1 IJlatc YKIS lwnchcd
by d 12.’/-nthickicksl~b of llcLashc~LCXP1OS1VC to a vcloclLy of 0.81~knl/s
after a rurlof 2b.()nm. Figure 3[1is ~ !ichcwu,rticof the experiment, and
Fig. 39 is ~ rcproductiorlof the st~tic radiograph t~ken by PIIEI{MEX.Fol..
lowing plate impact, the inducoc!shock wave, which had an amplitudu of 7.0
Cil%,convorts to irdctonatiorlwave afLer propagating a distnncc of about 20
mn. The two dcton(ltionwaves in haratol then interact forming a Mach stem.
~igurc 40 is a rc!productlnnof l.hcdynamic rdiograph tdkcn about 10 IIS
after the two waves hwl intc!rscctrxl.The baratol flow problcm. shown in

Fig. 41, was modcled~ using iItwo-dimensional rcuctivc Lagrangian code and

the Forest Fircg ruactio!lrate.

Thu cxllerimcntusirlgX-0219 iIsthe sample uxplosivc was like the
bnratol test III all respects. Figure 42 is a rcprmlucl,ionof the dyn~mlc
radiogrirph. At the input shock pressure of about 5.5 GPa produced by platn
impact In thiz cxpcrimc!nt,the!shock wave must run about 150 mn before
transforming to a detonation wave. Since the run-to-d~!tonationdistance W.]S
lonycr thdrlthe 65-nnlthickness of the explosivu, the orthogonally Illoving
detonot.ionwavr interacted with precornpresseclbut unrcacted explosive, The
radiographic rmults and computer modeling indicate thnt the detonation wav(!
was qucmhc!d M It propogiltcdinto the prushockt!dX-0219 explosive.
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The three desensitizing experiments on PBX-9502 were constituted
similar to that of baratol and X-0219. A different desensitizing pressure
was used in each of the three ex~riments by adjusting the speed of the
stcc!lflyer plate. One test had a plate speed of 0.5 km/s that resulted in
a 2.5 GPa input pressure, the second experiment had a plate speed of 0.88
km/s which produced a 5.5 Gl>adesensitizing pressure, and the last experi-
ment had a plate speed of 1.8 km/s that induced a pressure of 14.0 GPa.
Reproductions of thn dynamic radiographs of the experiments are shown in
Figs. 43-45. Figure 43 corresponds to a preshock pressure of 2.5 GPa, Fig.
44 corresponds to a preshock of 5.5 G1’a,nnd Fig. 45 corresponds to a
pressure of 14.0 GPa. At preshock pressures of 2.5 and 5.5 GPa in PBX-9502,

the run-to-detonatiorldistancc8 is much longer thaf]ttIQthickness of explo-
sive and, hence, the detonation W,7VC!proceeds into precompresscd explostve.
Fran an exwnin~tion of the radiographs and fran numerical calculations

similar to Lhosc perfurmwl fur baraLol,8 desensitization of the PBX-9502 by
prcshuckinq causcclthe dclxmtion wovc to be qucnchcd. The agreement be-
t\vecncalculations which included a dcscnsitizdtion parawet[?rand experililcnt
is shown in Fig. 46. In thr!third experiment with a prcshcck pressure of
about 14.(IGP~, the run-to-dctcmtion distance is nearly 7.0 rIn]which is
much lCSS than th’sthickness of the explosive. Hcncc, at the time of the
radiogr~ph in Fig. 45, t.hcohservud flow pattern rcsultod from the inlmac-
tion of two dctondticm waves.

The failure of a detonation wiIvcto continue to propagate when the
froth interacts with an explosive thal has been previously shocked h~s be[?n
studied cxpprimcnlally by radiogr~phic tcchniquur using PHENMEX and has been
IIIIxleld nm:wricllllywith quod succcw. Figurf!47 SUimldriZCS the results
from I.tit!closensitizingcXp@rili:0nt5on inscmsitive cxplosivt:s.
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2024 Aluminum
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● T, N8al, Sixth
Symposium on
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a

Aluminum Hugcmiot data using

perpendicular drive and radiography

U*
HE ()o (km/s)

TNT 65.49 6.278

Comp B 56.72 6.617

9404 49.97 6.738

e Measured directly

P

(GPO !
a aa

(0) (0)

12.5

17.8

19.9

2.71 2.87

4.27 4.22

4.87 4.82

up P

(~rnhl [(WU)

0.751 13.1

0.957 17.7

1.048 19.7

Fig. 6
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Bismuth sample

Explosive products

bismuth interface
‘,

‘First shock
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EXPLOSIVES DESCRIPTION

PBX-9501 95 HMX 12.5 E8tane12,5 BDNPA
and 8DNPF

PBX-9502 95 TATW5 Kel -F 800
(X-0290 )

X-0219 90 TATB/10 Kel-F 800

X-0291 92.5 TATB / 7.5 KoI-F 800

Barotol 76 Barium nitrate/24 TNT

Fig, la
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COMPARISON OF H E CHARACTERISTICS

P. P P
LUCITE Areoa

HE ( g/cm3) Y (~~al (*al (cm%

x-0219 1.914 2.4 31.7 11.3 1.20

9502 1.892 2.4 32.9 11.8 0.12

9501 1.767 2.9 33.8 11.2 0

TNT 1.637 3.2 [8.9

Comp B 1.713 2.8 29.2 10.5

‘Area of unreacted zone at the corner

Fig. 36



RESULTS FROM CORNER TURNING

● A zone of unreacted explosive is present at the corner

for insensitive explosives but not for 9501

● Zone size and shape nearly constant but very much

smaller for 9502 than X-0219

● Zone completely enveloped by HE products at later times

● F?eduction in detonation pressure at corner

● Colculoted detonation pressure and y - value nearly

equal for X-0213 and 9502

Fig, 37
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RESULTS OF PRESHOCKED EXPLOSIVE STUDIES

● The detonation wove in X-0219 was quenched os it propagated
into a region of the explosive precompressed by a shock wave
of 6.9 GPCI.

● The detonation wave in 9502 was quenched when propagating

intoa region of the explosive precompressed by shock pressures
of 2.5 and 6.0 GPo.

● No change in the charocter of the detonation wave in 9502 as

it propagate! into a regionof the explosive in which a 14.OGI%

shock wove had transformed to a detonation wave.

Fig. 47


