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F=STUFACT

The prerer hycredyraric deta &né an ¢qua-
tion cf state arve rufficienmt to describe guanti-
tat!vely the 1eactics rates of explonives during
tre shecl-to=-detci.aticrn ftansivicn., Murranin
preveure pauges ertedded In the fcacting cxrlo-
cive have provided theme Jita for the oxylesives
FIT%, FEX OLOL, TATE, arné TRT. Cuce o jrensute-
Tlelc Yistory has heen icsc-tled frer individual
jrerrcute histories at dificrent deptts in zhe ox-
rlaelive, the cencervetion cquaticne cer te arplied
in a layrangian analyceis cf the dzza. The com-
Yirazion €f a ractani-produst equasicn of sfiate
wizl thic analysis tlen allcws tle cileziation
of ‘te ex-ent of reaction anc reactior rate.
Cucc.meful correlatien of the caleilated reaction
ratc values with other tlesroiyraric variahles,
cuth uS pressure or *.oojctature, &liuws formule-
tica c¢f a rate lav and the prediciicn ef inirla-
tien behavior uader circur:tances quite cifferent
frer e expoerirents that led te the rute law.

The best dyramic piczcreslistive presuure
pavjre for rest applizetiens weuld have a rub-
stantial output voltaye dne fresent negligible
dincurt.arce to the flow. 1In explerives, howcver,
teairarents for survival In the oxltere tor;era-
Tute, o1 d Jresrure envircizent enccuntered by the
pa.e dictate corpromises Lew elcctrical resis-
tance (V20 m) helps to rinimize shunt cenduc-
tivity {aflures, but this diastically recuces
output and durands that roch aticns lcn be glven
to rcducisg noise, Althcugh telatively thick
Irsulaticn perturbs the flow to scre extent,
survivability 1equirc: .nts dictate its use.
Frcesure rcasurerents in rceactive flow can now
be nide routinely with pauges that successfully
jreduce data leating to a descripzicn ¢f the
fiow und a powerful jredictive ca; ability,
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ar shock gas gun experinents with embedded pressure gauges are
ine the pressure histories at a nunber of Lagrangian positions
ass points that move with the flow) in the initiating explosive,
grangian analysis is done to obtain, by interpolation, the prec-
tories, and to integrate the conservation relations for the
sity-, anc cnerpy-field histories throughout the distance-time re-
I.  INTRopucTS?:¥atlone,
obal rcaction progress variahle is derfined and inccrporated into
£ srock wSity-vnergy equation of state, and the decciposition rate calcu-
causes an exotYt the rcactive flow,

cdetoration, I
wave velocity,
quantities, su
been inferred
measurerents
vieléding resul
the zone of r
of submillimet
tails of the p
the kinetiecs o
use of pressur

If the in
space-time reg
icnger time th
cosition in th
we I'T-.':I_!ht fOllOIo:!
fore the trans

Eressure Or pdjye of sufficient amplitude rropagating in a chemical explosive
FOrTunity 1O Shernmic reaction (or shock--induced deccmpousition) that can lead to
when STudyirg oortant variables associated with steady detoraticr, such as the
) At1enptin can be measured routinely and accurately(l). Other important

1es not encoun.p a5 the detonation pressure--typically 25 to 40 GPa--have usuzlly
cess, and thereron indirect reasurements(2), although direct detcnation pressure
sugiest the Ce,ue recently been performed with erbedde® piezoresistive gauges(3 )
give the time .o ip substantial agreement with calculziions. However, because
SEOCR to full .ition behind the shock front in 2 cetonating explosive is normally
history. Howeg, thickness, such measurerments do not prowvide tire-resolved de-
ternt of reaCt%ressure history in the reaction zore. Therefore, determination of
ot been obtaig oy ok _inauced deccrmposition in a steady detoretion through the
rusolved valueg gauges is not possible with existing techniques.

ETLEddfd Lagran ;r shock pressure is below the detonation pressure, there is a
Engrangian ANidior in which the shock-induced deccmposition takes place over a

ser tEe poss%ban in a detcnation., Typically, although there right be full decom-
lcz of reacting gypriilireter reaction zone of a detonation ir less than 0.1 s,
tal vind analyty eyolving pressure waves over a span of about 10 mrm and 2 Ls be-
Lagiwngian plesrion to detonation. Techniques ex»ist that allow us to obtain

Qur ani rticlc-velocity histories in such a flow field, zffording the op-
cf any explusisdy the kinetics of shock-irduced decenpesition that is denied
procecure. detoration.

(1) Plan

to describe initiation pheriormena does, hcwever, raise difficult-
used 10 determy .yeq with detonation phenomena. Initiation it a nonsteady pro-
(ihat is, at Mg 35 16 relatively simple and accurate theoretical background(5) te
(?) A Lasign of indirect experirents. Explosive wedge experiments(6,7) can
rure-flield hiszna aistance required for the explosiv . to transit from initial
velocity-, deNgetonation, and some measure of the intermediate shock velocity
gicn cf the okyer 3 detailed picture of the process (precsure, volume, and ex-
(3) A glon as a function of distance and time in the reacting material) heas
a precrure=denpap)e wntil the advent of pauges aud techniques that yield time-
Jated threughcs of the hydrodynamic variables associated with the decomposition.
ngian pressure and particle velocity pauges and .l.» associated
2 lycis techniques do yield these time-resolved measurerents and of-
ility of obtaining a descripticn of the gloLal dec'mposition kirnet-

e nvnlacivaoe. Tn thie nanar wa will eAnarrertrate An the exmericrna-



(v) Tesizicrn-inlepencdent correlations ¢f the rate with the other therro-
crneric verigbles are sought, and when found, fcrrulated as erpirical rate laus
Zer the cdecomposizicen kiretics,

(8) These rate lews are tested for general velidity with numericel hydro-
ynemic simeleticns of shock-initiation experiments that ere quite different from
Thcse pererating the rates.,

Pressure gauge rmeasurements in reacting pentaerythritol tetranitrate (PETH)
r.ace by Wackerle, et al.(B8), were accompanied by an a2nalysis through step 3 of
the preceding paragraph, and Soviet researchers studying trinitrotoluene (TNT)(9,
10) proceeced.cne step further, Aralytical methodologies are discucsed in these
referencer, and in Ref. 1l1l. The cormplete procedure wac successfully cerried out
&t our labcratory on PEX 940u4(12), a plastic-bonded explosive, and the insensi-
tivc high explosive triminrotrinitrobenzene (TATB)(13)., These two studies led to
the formulation of the shocx-strength dependent rate law DAGMAR®, which will be
cescribed irn more detail in Section V. Other investigfators hLave performed embed-
cded gauge meesurcments in reacting explosives(lu), but did nct obtain reaction
rate laws based on their data.

II. INFERIMINTS

£s an illustiration cf our experimental techniques, we describe reccnt work
we have ccne on TATB(13). TATB cylinders were jpressed frcm a pewder having a
r.otal rarvicle size of aprroximately 20 um and then rachined irto cdisks., Tabri-
cericrn cornditicns were carefully corntrolled and repeated. The density of the
specinens was 1.80 * 0,01 g/cm?. Fadiographic cxariraticn of the disks showed no
local density ciscentinuities large enough to affect the experirents.,

Targets for gas gun experiments (see Fig. 1) were fabricateu from one groov-
ed disk of a chosen thickness, and one flat disk. A single, low-resistance,
feur-terminal Manganin gauge was embedded in the grooved disk, and tre other disk
ceranted to the first. The gauges were photoetched from 0,050-mm-trick annealed
foil and thermally bonded between two 0.25-mm sheets of FLP Teflon. producing a
package slightly over 0.5-mm thick. Typical electirical recistance of the active
elerent of the gauge was 20 m). A current of approximately 60 A was provided to
the gauge by two pover supplies of the type described by Vantine, et al,(u),
whose rauge calibraticn(1l5) (without hysteresis correction) was used to obtain
sresaure hicstories from the gauge records.

The annealed ccpper flyers used {n the sustained chock experiments were
©.35=nn thick (Fig., ?). Tlose used in the sheri-shock experimznts were l-mm
thick ancd Lacked Ly ;clyrethyl methacrylate (FMMA). The average projectile ve-
locity of 1.17 =in/us provided a planar shock of 7.6 GPa amplitucde, which leads
to detorition in approximately 10 mm in the sustained shock case.

igure 3 shows rmearured pre:sure histories (as solid lines) in TATE obtained
uncer the corditions d--scribed above. The dotted llnes are calculated values.
Celculations will be discussed in a later section. The gauge locations were at
0, 2.3, 3.7, 5.3, 6.7, and 7.7 mm.

et Analysis Gericrated Modified Arrhenius Rate, Although we no lonper use
¢iicct analysis (a less refined method of Lagranglan analysis) we have retained
the acronym,
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III. PIZZ0RZSISTIVE GAUGES IN REACTING EXPLOSIVES

Tre material insulating a piezoresistive gauge in a reacting explosive typi-
cally encounters pressures of 10 to 30 GPa and shock temperatures up to 200C°K
during i+s 1- to 3-ps lifetime. The explosive deccmposition products are hot and
electrically conductive, posing the threat of shorting the powering current from
the gauge if the insulation fails. Shunt conduction arising from shock-induced
conductivity in the insulator itself is also a possibility.

Ir general, the best dynamic pressure gauge for any given epplication would
rroduce a substantial output voltage in the pressure reglme of interest, and pre-
sent minimum disturbance to the flow. Minimizing disturbance to the flow con-
sists of rinimizing gauge thickness and matching the impedance of the package to
the cerrressed, unreacted explosive as closely as possible. Matching shock im-
pedance and mirimizing thickness also improves the time resolution of the gauge.
This is most important in the region near the shock front, where pressure changes
take place rapidly, and pressure equilibration of the gauge through ringing can
rask details of the recorded history. Unfortunately, the extreme conditions en-
countereé by the gauge in a reacting explocsive require that we make compromises
ir ingulator thickness and gauge resistance (thereby lowering sigral level) irn
créer to insure gauge survival for the desired duration.

The mest impertant problem to be solved is that of shunt conductivity. De-
rending on the particular gauge design and insulator materials, current can be
shunted Lecause of a concducting path bctweern the gauge and the reacting expleosive,
or beceuse of pressure- or temperature-induced cornductivity in the insulator it-
self, or both., Pressure gauge measurements were rade irn our laboratory on PRTN
and FBX 9404 using commercially available 502 Manganin gauges(8,12). Tt was con-
cluled that in scme instances, conductivity effects caused prenature lfailure of
thece gauges, which were insulated with a thin luyer of Kapton polymer. Kapton
Las been shown to undergo a considerable ircrease in conductivity during the
rassage of a stress wave of the amplitude seen in PETN and PEX 9404 during
initiation(16).

We briefly inve-tigated the effect of the reacting explosive environrent on
Keptcrn-anc-epoxy encapsulated grid gauges (nowinally 502). One normal Kapton-
backed 500 grid, and one grid that was rade into an open circuit by carefully
trirmming out the conaecting metal between the longer elements, were encapsula:ed
tetween twe 0,050-mm sheets of Kapton glued with epoxy adhesive. A 500 resistor
wes wired in paralle! with the open grid. The package was embedded behind 4.5 mm
c¢f PBY 9u0Ou and the explosive was subjected to an input shock of 2.9 GPa produced
ty planar projectile impact in a gas gun. The rcsults are shewn schematically in
Fig. 4. The lezd shock reaches the gauge, and is followed by the reactive wave
ovartaking from the rear, At shock arrival, the 501 gauge shows a jump to the
shock pressure level In the material at that point (peint A) and the conductivity
probe shows a small decrease in resistance that renains constant until the pres-
sure reaches an apparent maximum of approxirately 10 GPa (point B). Here, the
conductivity probe shows another small increase, corresponding to an apparent
jressure decrease, as shown by the pressure gauge, and then the probe shows what
is creentially a runaway conductivity increase, corresponding to a shock-induced
cenductivity failure of the pressure gauge (point C). The pressure record in
this case is not reliatle beyond point C. ELpoxies and other adhesives as well as
cther complex polyrers have also been shown to undergo increases in conductivity
dur ing dynamic comprescion(16). However, it is interc.ting to note that Puirows,
et al.(3), jerforned detonation-pressure mcasurements with Manganin geuges en-
caj'sulated in a Teflon package glued together with epoxy. Surprisingly, no



incuced corductivity was evident., Chenpion(l7) rezsured the change in conductiv-
ity of sheck-conpressed Tefler and polysthylere and found a ruch reduced effect,
- mzking these raterials iocok atiractive for gauge insulation,

Weinzzrt, et al.(38), rerformed a nurber of experiments designed to ascer-
t2in whether failure by conductivity occurs irside the gauge package through the
reactive explosive. They bonded low-resistance (20-m?) four-terminal Fanganin
cauges in PTFE Teflon without an adhesive, but wi*h FEP Teflon in contact with
the gauge. The total insulation thickness was varied from 0.13 tuv 0.50 mm,

Their thin gauge packages in reacting FBX 9404 showed clear evidence of early
Feilure, which was attributed to conduction througn the reactive explosive. Our
work on similar gauvges supports this, as is shown in Fig. 5. This figure shows
Tiro-tc-failure vs gauge depth for different insulation thickness for gauges
rlaced at different depths ir reacting TATBE. The experimental configuration was
scen in Figs. 1 and 2, and Fig. 6 shows a typical gauge record with the onse: of
crncuctivity taking place at point A. The thicker insulation clearly allows
~onger recording time, and suggests that ccnductivity does take place between
g”uge erd reacting explosive rather than in the package itself. It can also be
seen that, vithin the limits of gauge resistance (20 to 80 mQ2) considered, the
gauze resi.tence is a secondary effect.

The choice of a low resistance (20-40 m) active elerment was made primarily
to uvoid shunt conductivity in the geuge package itself. The resistance of tha
cenducting path in the Teflon insulator for typical gauvpe dimensions is approxi-
Tately 200, based on Champion's data(l7). Cauges of lower resistance right also
te less likely to fail through contact with the reactirg explosive. However, in
**e rarrcw range of resistance we have studied (20 to €0 m?) the data in Fig. 3
trovide ro conclusive evidence, With a powering current of 60A, the output of a
20 i raupe is apprexirately 25 mV/GPa, procducing peak sipnal levels in a typical
experirzrnt of 200 mV., At this level we rarely see persistent electrical ncise.
fithough ncice spikes of greater.than 10 mV amplitude do occasionally ocsur, the
system usually recovers within 0.1 us, and the record is not severely affected.

With 0.25 mm of I'EP Teflon insulation on each side of the gauge, recording
duration of 2 to 2.5 us is rcutlinely achieved, even at deep stations where the
tcasured pressure is over 20 GPa., Also, the Teflon is a reasonable impedance
iatch to the reacting explosive, and allows adequate response to the shock uand
following wave. As can be scen from the record shown in Fig., 6, there is no re-
solvalble overshoot &t the top of the lead shock and a quick recovery, ailowing
the rest of the wiave to be faithfully reccrded.

Alzhcugh it is inevitable that the placemert of a 0.5-rnm thick gauge package
in the reacting explosive must disturb the flow, the cxperimental evidence of
weingart, et 2l.(18), supgests that the disturhbance is not as great as might be
expected. However, this is insufficient comfort, because just as we know that
increasing gouge thickress will ultimately affect the flow to an unacceptable ex-
ient, decreasing that dimension must produce less distarbance. The answer to
this problem probably depends on the development of an !mproved insulator that,
vhile retaining the shock-inmpecdarce matching properties of Teflon, represents an
I=proveient in its ability to resist the mechanism that leads to shunt conductiv-
Ity. Until such a material is found, heat-bonded Teflon will continue to be our
choice in this application. It {s also possible, however, that our requirements
for durativn might be met by the times-to-fallure shown in Fig. 5 for gauges in-
vulated by only 0.13 mm of Teflon on each side. In fact, the analysis of TATB
ccia discursed in the following sections required pauge lifetimes only as long as
These ehtained with 0.13-mm insulation.



IV, LAGRSIIGIANL RNELYSIS

Tre lzgrangien arelysis cf gauge cata is effected Ly the successive integra-
tizp ¢ the fluid-cdyrne—-ic conservatfoer releticrs for mo-entum, rass and energy.
Iz terrs cf the iritial (Lagrangian) position cocrdinate, h, and tire, t, these
relzsticns zre:

du/dt

- v, op/dh ov/dt = v, du/sh ,

and 9de/dt

-p ov/ot = -p A du/dh ,

vhere p, u, v, and e are the pressure, partricle veloecity, specific volume and
specific irternal energy, respactively, and the sub-o denotes the initial, un-
shocked, value.

For our TATB study, we adopted a "pathline" method cimilar to that developed
by Searan(19), who extended the work of Grady(20). In this approach, we trans-
form the real time coordinate t, to a pathline coordinate t(h) and use direction-
al derivatives tc replace the gradierts op/dh and du/dh. In integral form, the
trer.eformed equations become

i . t(h) [dp _ 3p(h,t') dt'(h) '
u(h,t) = u,(h) - voI [E‘;' —th{——-—-—dh ] at'
tl(h)
R rt(h) [du du(h,t') dt'<h) .
v(h,t) = vl(h) v, [EF e T 3h ] dt'
T (h)
(t(h d du(h,t') dt'
e(h,t) = °1(h) - vy t( )p(h.t')[ﬁ- “c(lt—,'t ) td;h)] dt' .
- t,(h)

Here the total ferivatives are along the pathline and the partial dcrivatives are
at fixed t or h, and the sub-l indicates values along the first path. Although
the transforr.ation might be suspected of introducing greater error in the analy-
eis, this is rct the case, Mo error is introduced by the term dt/dh, hecause we
chcese t(h) artitrarily, and 9p/d9t is evaluated through dense data (unlike 9p/dh).
In addition, paths can be chosen to minimize the variation in pressure along the
path so that the evaluation of dp/dh is generally surerior to that of 9p/oh.

Ir. our use of the pathline rethod, we choose the cshock lucus as the first
Feth, and censtruct the other paths so that data from all the gauges are used
throughout the calculation (see Fig. 7). State pararcters along the shock path
are defined by the Hugoniot relations for conservation of momentum, mass and
crergy:

VJFy * “1”1' vllv° =] = (ullul), and e, = %, * (p1/2) (vo - vl) ’
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where U, is the shock velocity. We complete this description by specifying the
shack Hugorniot for the =xplosivc in the commer form Uy = C + Su,, with thLe con-
stents C and S eveluztred from auxiliery (usuzlly explosive wedge) experirents.

The fitting of real (estimated to be accurate within 5%) cata is sorething
of an exercise in curve fitting, The calculated specific volures and energies
essentially depend on the curvature of p(h). Ve have found that fitting p(h)
with cubic splines, which minimize the total curvature, gives good results rela-
tively free of nonphysical oscillations in v and e.

V. EQUATION OF STATZ AND RATE CALCULATION

The Lagrangien anzlysis provides 2 history of pressure, specific volume and
energy at the gauge locations. Relating a reaction progress variable to these
three state variables through an equation of state allows the calculation of de-
corposition rates. The rates are, of course, valid only for the particular equa-
tion-of-stzte relationship chosen.

Equations of state are commonly formulated with the assumption that the de-
composing explosive is a mixture of unreacted solid znd fully reacted, primarily
gaseous products. The relationship is thus a construct of the p-v-e equations
for the two corponents, a reaction progress variable egual to the mass fraction
of cne of the cormponents (we use that of the products, denoting A=0 as unreacted
ané A=l as fully reacted), and a "mix rule" that, explicitly or implicitly, di-
vides the specific internal energy between the two components.

Presently, we use the HOM equation of state(2l). The component stcte rela-
tionships are both Mie-Grineisen forms, that is:

p(v,e) = pr(v) + (T/v) (e-e_r)

where I=v(dp/de) is the Grineisen ratio and the sub-r denotes values along a ref-
erence curve. For the solid, this reference is tzker as the shock Hugoniot, cal-
ibrated to measurements as described above, and the good approximation of

{(I'/v) = ccnstant is assumed. The reference curve for the products is taken as
the isentrope through the Chapman-Jouget (CJ) detonation state expressed in the
Becker-Kistiakowsky-Wilson form(22). Although this is a calculated relationship,
it is well calibrated to shock-wave data on product species and to detonation
velocities of the well-studied explosives. The mix rule is defined with the as-
sumptions of ideal mixing of the specific volume and energy and of equilibrium of
pressure and temperature between the two cormponents. Temperatures along refer-
cnce curves for the two components are defined by the equation-of-state assump-
tions elready stated, and are calculated at points off these reference curves
with the additional assumption of constant specific heat.

VI. RATE CORRELATION

The analysis at this point provides numerical values of the pressure, den-
sity, internal energy, temperature, degree of decomposition and :reaction rate at
each gauge location. If correlations of the rate values to combinaticns of other
state variables can be found that hold throughout the reactive flow, they can
serve as empirical rate laws for the exnlosive, The calculated '"data" can also
serve to test various proposed theore-ical or empirical rate forms.



With both PBX 9404 and TATB, we have obtained the Lest results by evarmining
the rate cependence on temperature in a simple Arrhenius ferm, Assuming first-
order depletion, the calculated rates for TATB zre shown by the solid curves in
Fig., 8. The results cre similar to those obtained with PB¥ Syou4, and suggest the
sere fcrm for the rate, The parallel curves suggest the use of a single activa-
tion energy or terperature for the rate, but some modification of the pre-
exconential factor is necessary. Because both this factor and the shock strength
are moriotonically increasing for the deeper gauge locations. it seems appropriate
to introduce some measure of shock strength into the rete, Using the shock pres-
sure, pg, as this measure, we examined the correlation:

. - n -T*/T
A/(1-2) = Zo P ©

We found that this DAGMAR form agrees reasonably well with the calculated rates.
A least squares analysis, minimiziag deviations in the "experimental" rate-time
space of Fig. 8, gives the set of constants: Z, = 0.0158, n = 2.6l and T# = 1861K,
where ps~! rates and GPa pressure units are used. The correlation to the calcu-
lated rates with these constants is indicated by the dashed lines in Figs. 8 and
g.

The correlation is essentially the same as that first obtained with PBX 9uOu,
where analysis of both sustained- and short-shock initiation configurations with
& 2,9-GPa input shock strength (but run distance to detonation similar to the
TATB erperiments) gave Z, = 0.17, n = 2 and T" = 1200 K as constants, The DAGMAR
form for PBX 9404 also included a modest induction time factor, but this ray have
resulted from a constraint imposed on the direct analysis performed for that
explosive,

VII. DISCUSSION AND CONCLUSIONS

A principal motive for determining empirical rate forms is to provide infor-
mation for the modeling of initiation and detonation phenomena with numerical
hydrodynamic calculations. The successful simulations of experiments involving
shock configurations and state conditions quite different from those used in ob-
taining the correlation allow more confidence in the generality of the derived
rate. Such modeling is done with numerical hydrocodes that operate on the fluid
dynamic conservation relations in finite difference form, advancing the calcula-
tion in small time increments. An assumed rate law is used to update the reac-
tion coordinate, and the p(v,e,A) relation is used to calculate the pressutre for
the next time cycle. In our simulations, we use the PAD 1D hydrocode cdeveloped
by Fickett(22) with our addition of the HOM equation of state.

A first requirement of our rate law is that it gives simulations of the
pressure data used to generate it. PAD calculations of the gauge-pressure his-
tcries were shown as dashed lines in Fig., 3. The good agreement signifies only
tnat we made no serious error in the analysis.

A more deranding test is simulation of gauge data with short-shock inputs.
Tor TATB, we performed the same experiments described previously, except that the
thick flyer (Fig. 2) was replaced with one that was l-mm thick. A series of ex-
periments gave the gauge records shown as solid lines in Fig. 10, Computer simu-
lations with the calibrated DAGMAR form gave the dashed curves, in reasonably
good agreement with observation.
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fnother test of the rate is aifforded Ly cdata from explosive wedge exceri-
ments. In this most common initiation experirent, a plenar shock is introduced
into a wedge-shaped specimen, and the shock front prcgress is monitored with a
sirzak cémsra as it builds up to detoration. The dava are commonly displayed in
"Pop-plot" form, relating the distance to " :tonation D to input shock pressure
p; as D = Ap]°, with A and B constants, Our experiments on 1.8-g/cm® TATB were
done with high~explosive driving systems, with shock strengths substantially
higher and run distances much shorter than those of the embedded-gauge experi-
rents. The strezk-camera records typically displayed an initial constant wave
velocity region, a break to a2n intermediate accelerating region, and a second
break continuing to the onset of detonation. Both breaks fit the Pop-plot form,
4s shown by the open symbols in Fig. 1ll. . Numerical hydrodynamic calculations of
these build-up features, shown as cresses in Fig. 11, are in excellent agreement
with observation.

In addition tuo the examples given above, DAGMAR forms have provided computer
simulaticns of nearly all of the existing planar shock initiation data base on
PBX 9404 and 1.8-g/cm® TATB. The data base fcr PBX 9uO4 is substantial, includ-
ing all of the experiments described above and numerous short-shock sensitivity
tests and experiments in which plates ars accelerated by partizlly reacted ex-
Flosive. There are also high-pressure shori-shock sensitivity test results for
TATB(23), which we have also calculated successfully. Reaction rate formulations
ottaired from embedded gauge data coupled with Lagrange analysis and an assumed
equation of state yield useful and important information about the shock-induced
decorpositicn of explosives,

¥e believe that the Teflon~armored low-resistance langanin geuge yields
pressure-field histories in reacting explosives of sufficient quality to be used
es the data for Lagrangian analysis and subseguent reaction rate derivation.

11
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