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PRESHOCK DESENSITIZATION OF PBX EXPLOSIVES-

Roberta N. Mulford, Stephen A Sheffield, and Robert R. Alcoa
Los Alamos Nadonal Laboratory

Group M-7, MS P952
Los Alamos, NM 87545

Pres_g delays initiation of PBX-9404 and PBX-9501, relative to unshocked material. In PBX-9404
preshock experiments, a first shock of 2.3 GPa was followed 0.65 Va later by a second shock of 5.6 GPt. In
PBX-9501, a pre.shock of 2.8 GPa and 0.32 us duration was followed by art initiating shock of 6.0 Gh.
Both PBX explosives show clear desensitization while the preshock persists. In PBX-9404, initiationof
detonation occurs nearly as anticipated for the material, after coalescence of the preshock and main shock
into a single wave. Multiple embe.dded magnetic gauges were used to measure the shock histode,. Oer
data indicate, a slightly longer run to detonation than expected, even though a single wave is initiatingthe
material. A slight sU'_'s_reduction at coalescence, as required by the shock dynamics, may be restx_ible
for the ovemm. A reactive wave is clearly evident while the preshoc_ persists. The long run to detonation
indicates that this reactive wave is not driving the initiation. A set of four pteshock experiments were per..
formed on PBX-9502, which is urireactive at these pressures, to investigate the shock dynamics of the two
waves in the HE.

gas gun to generate well su_ planar shock
INTRODUCTION . waves of well-known pressure. _ ex_

are one-dimensional over the region and time of
Preshocking resulting in delayed initiation has interest. The square pressure lmlse generated by

been exa_ in PBX-9404 and PBX-9501, us- the projectile may eliminate mine variable, to
ing multiple magnetic gauges embedded in the simplify consideration of the akm-dependent be-
initiating explosive. These measurements of par- havtor of the growth of the reactive wave, and al.
ticle velocity enable us to follow the evolution of lows accuratemanipulation of time and pfessta_
the reactive wave behind the shocks, and to ob- parameters. The gas gun can reach pro.'_!e
serve the development of this wave into a detona- velocities of up to 1.4 mm/l_ corr_g to
lion. Our observations address the previous idea pr_sures to about 10.5 OPa in PBX materials
that the material is completely ¢k._sensitizedwhile when single crystal sapphire impaclgfs are used.
the preshock is active, but that the normal run-to- This pressure will detonate PBX-9404 and PBX-
detonation (as given by the pop plot) for the tna- 9501, but is not sufficient to promote p;ompt re-
aerial applies as soon as the two shocks coalesce action in PBX-9502.
into a single shock. Embedded multiple magnetic gauges provide

Previous work on preslmck desensitization was up-iquemeasurements, in the Lagrangian frame,of
done by Campbell and Travis.l In their exped- the time evolution of the shock,, for up to 3 ps.
menU,, a detonation wave was run into a pre- The gauge package consists of either 5 nested
shocked region, where it was weakened and particle velocity gauges and 5 impulse gauges, or
eventually extinguished. The run distance was of 10 particle velocity gauges, to take dataat 1/2
given by p2.2 z = 1140 (kbar and ps), for both mm depth intervals when the gauges are placedat
PBX-9404 and Comp B. The active region was a 30° angle. Use of multiple gauges gives inde-.
interpreted as an induction time for hot spot deac- pendent measurements of l_cle velocity (Up)
tivation in the material, and shock velocity (Us). llmc,e parameters are

obtained directly from the data.
EXPERIMENTAL SETUP Preshock experiments are dora using a com-

posite projectile-mounted impactor consisting of a
Our experiments are performed using a light low impedance thin layer on the fi'ontsurfaceof a

high impedance backing material. The projectile

* Wockp_a'm©d u_ _c su.q_ of_ U.S. Dc'punch*ofF.o_gy.
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impacts • precisely machined flat explosive cylin. ,_ _- _ .... j
der, into which the gauge package is glued at a 30_ _= 1.0 - I X _ -_ "_ _ : .... - --_ J

i angle. The experimental setup and x-t diagram for E 4

a PBX-9502 expeximent are shown in Fig. !. E o.e [
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, ' , Figure 2. Data from cxDcr_enl oa PBX-9502 with Pl =
0 2 ' ', /_, ::, 3.71GPa, li = 0.32 la,, and P2 = 8.19 Gpa.
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showing pre, hock and main shock gcncrauon zo¢a r - o t .00-

0 ilrPBX-'__1, _d PBX-9502. Data obtained from a ._- 0.so-

shotonPBX.9502areshownlnFigur¢2, "I1_ _ o-_ " ilcharacterof the input waves and time of coales- o. :_: .... ._-_-....... ,-- _
c.ence are clearly evident, since the matedal be- o.;_ .O.0 0.S 1.0 I.S 2.0 2.5 3.0
haves as an inert material at these pressures.Data time, us
from a pair of shots done on PBX-9404 is supex-

cxF.rknents PBX-9404,

imposed in Figure 3. Pr,shock and main shock Figure 3. Data hxsa two _hoc°_! material:pressures of 2.3 and 5.6 GPt and wave separation showinggrowthof reactivewave in
of 0.7 Ixsare accurately,reproducedbetweenthe Pl = 2.3GPa,tI =0.68_, P2=5.6
two shots. Growth of mc reactive wave to near
d_onation is evident in Figure 3. The reactive DISCUSSION
wave emerging during the pr,shock is more
clearly presented in_Figure 4, in which maximuln The Hugoniot crossing dia_ in the t-x plane is
particle velocity vs location serves to snow mc ap shown in Figure 5. The MACRAMe. code4 was
proximate position of the reactive wave. used to generate this diagram. At wave coal,s-

Detonation occurs after 9.4 mm of run, from rance, the return to • single shock in the material
impact of the first shock, or 8.7 mm after the sec- requires a switch from the second to the principal

ondshock enters Lh_2explosive.The pop.plotfor Hugoniot.with correspondinggenerationof a
PBX-9404predictsa runof 3.5mm at_ IXeS- smallrarefactioninthematerial.The magnitude
sureof theseca3ndshock (5.6GPa).Measured of this (hop is calculated, usingthe
from the location of wave coalescence the run is MAC code, to be at most 0.15 Opt (2.7%)
3.8mm, slightlylongerthantherun predicted inPBX-9502,andabout0.06OPt (I.1%)inPBX- .
from the Pop plot. The slight overrun is also ob- 9404, if the PBX-9404 were inert. While the
served by John Ramsay in plane wave lens ex- magnitude of this drop is not sufficient to alter the
periments.3 run obtained from the Pop plot appreciably, it may

• . o . ._ •



" tionoftherecordintheregionwheretherarefac-
tionwave iscalculatedtobe (velocityobtained

, 2.00 " - , l - fromMACRAME calculation)revealsno pertur-

preshock s a bation on the fiat topof thewave. The 1.7% rises _ " • calculated in up wasexpectedtobe large enough
J -. c to detect, but this is apparentlynot the _cas_e._The_1.75" _'_ I I .0 •

I
= ,- N t gs . uncertainty in particle velocity In mese recom=

:= * t '- about 1 to 2%.
1.50" c:

o I _ i • The PBX-9404 expezin_ts exhibit the same
E "- s .[_ e:3 g= , I • particle velocity profiles ts those observed for
E 12s- =" I " , PBX-9502, with the addition of the reactive wave
'_ = * • emerging after the second shock. This wave

a • emerges almost ts soon as the second shock pres.E : , ,1.00" • • .
.. , t. sure is establishedin the ma=dM, contradicting

• A • the Idea that the material has beea completely de-e
o.75 r , ' ' ' sensitized by _ first shock. A_.g to CamP-

.2 0 2 4 s s t o hell and Travis criterion,z the first _K ts too
location, mm short to produce desensitization" wath PI z.¢ _

644<1140.

I_gure4. M_timumparticl_v..e.!.ocitic_of re=ctlvcw,ve= However, the emergence of_tl_ reactive wave
in-PBX-9404 cxperlmcnt=, t.:outgloa o reactive wave and before coalescence apparently does not contribute
small rarefaction occurs at point A. tO the development of the detonation onee coales-

ce,ace of the two waves has occuned. The run is,
instead, extended slightly atter establishment of a

Th_. e _,,._ single shock.
_, ,_,, = _ . . The small rarefaction discussed earlier propa-

... gates back into the reacting material as shown in
• Figure5. whenthereactive enco.un,tersthe

.,,¢_'*'_}/ ' "1;_ m efaction, a reduction in tru= ma:xr,mum up

N / •/ / _A_ __ reacted by the wave occurs, as shown m l--igure4._-. / . / ,.__?._ _. _*,_
/ / r _,,,.e h_- 7 • The reactive wave is quenched at the point

- t; (marked "A') at which the rarefaction meets iu
: / _.I", ./ This drop is seen in individual waves as an early
,n ._ / j¢-_,=-/,-,, maximum in Upand then a sharp drop off, a trun-

P" cation of the reactive profile.

These observations lead to a model in which
the pre.shock compt'csses the material, and thea the

o : : _ _ _. ._ i _ second shock pmmot_ a reaction. "l"ne second
o i z _ " ' ' 7 s v ,o shock is propagating in a pre.shocked region of

position, mm elevated T, P, and density. This secon0 snoc_

Figure 5. Complete x-t diagram for cxpcrlmcnt on PBX- produces a state, off the principal Hugoniot, of
9404 =bowing rcactivc waves (from experimental data) lower temperature for the given final pressure.
andrarefaction. Thus the reactivewave propagates in a region of

relatively low T, high P, and high density, which

lengthen the run by a small amount, within the has _ precomplessed to a density aro.tmd 2;Oogn
margin of error of the Pop plot. g/cm3, a density at which tlae run to oetonau

.The bulk temperature oft he material is lowered might be expected to be exceedingly long based
substantially in the doubly shocked case at a given on estimates made in Ref. 6. The elevated initial
pressure, by up to 25% at 4 GPa. A contact dis- &msity in this region also is associated with the
continuity separates the cold region behind the removal of some fraction of the hot spots in this
two shocks from the hot single shock region, as material. This region is shown on the x-t diagram,
shown in Figure 5. F:igure 5, as region 1, bounded by the input shock "

The PBX-9502 data is expected to exhibit this and the returning small rarefaction. Under these

pressure drop as a propagating perturbation on the conditions, the reactive wave accelerates slowly,
flat region of the second wave. Careful examina-



reaction product gases or altering the local
" chemistry through partial reaction. We anticipate

-- doing experiments in this regime.
1.0$-

• CONCLUSIONS
1.00 %"

_o.gs- ", A pressure dropisrequiredby theshockdy-namicsof a doubleshockcoalescingtoa single

E o.go ' _ shock. This pressure drop is notvisible in PBX= ' • 9502 records, butmay nonetheless be resulting in
E the extended run observed in PBX-9404 after

o.ss- • coalescence of the two shocks.
E . A reactive wave is emerging in the preshocked

o.8o- material, but apparentlydoesnot contribute to the
- detonation, as indicated by an extended rather than

0.75 -t t ' I ' I '
_.o _.s 2.0 2.s truncated run after coalescc.nc_ The reactive

time,us wave is depleted by the small rarefaction at
coalescence. The reactive wave in the preshocked

Figure 6. Maximum particle velocities of reactive waves region may indicate chemistry or "pre-burning" ofthe hotspots, as well as their compression, as a
in PBX-9404 experiments, in region of lx_hock. Heay'y
points are maxim,, ot waves arising after collision with mechanism for desensitization.
rarefaction, in region 2.
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