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PBX 9502 PERFORMANCE

by
Charles L. Mader, M. S. Shaw, and John B. Ramsay

ABSTRACT

The performance of PBX 9502 may be described
using the BKW equation of state and the multiple-
shock Forest Fire model.

I. INTRODUCTION

PBX 9502 is an insensitive high explosive consisting of 95 wt% TATB (tri-
amino trinitrobenzene) and 5 wt?% Kel-F binder. The C-J BKW-calculated perform-
ance at 1.894 g/cm® is 285 kbar and 7707 m/s. The BKW-isentrope and Forest Fire
rate is identical to that of X0290 given in Ref. 1. The gamma-law isentrope is
given in Table I.

As described in Ref. 1, the failure diameter and detonation wave corner-—
turning properties of PBX 9502 can be modeled using the BKW equation of state and
Forest Fire burn rates. 1In Ref. 2 we modeled the observed desensitization of PBX
9502 by preshocking using a Forest Fire decomposition rate determined only bv the
initial shock pressure of the first shock wave passing through the explosive.
This is called the multiple-shock Forest Fire or MSFF model.

In Ref. 3 the Los Alamos gap test data for PBX 9502 were numerically modeled
using the BKW equation-of-state data and Forest Fire kinetics. 1In Ref. 4 the
same model was used to model the initiation of PBX 9502 by jets of copper, alumi-
num, and water. 1In Ref. 5 the initiation of detonation in PBX 9502 by triple-
wave interactions was modeled.

In Ref. 6 the initiation of propagating detonation in PBX 9502 by hemi-
spherical initiators was described numerically and the calculated large regions
of partially decomposed explosive agreed with experimental observations of Travis.

This impressive list of successfully modeled PBX 9502 experiments could not
be used to evaluate the adequacy of the PBX 9502 equation of state or the Forest
Fire burn rates where details of the explosive performance are important.

The objective of this study to characterize PBX 9502 performance was to de-
termine if PBX 9502 exhibited explosive performance significantly different than
predicted using the BKW or gamma-law equation of state and the Forest Fire heter-
ogeneous shock-initiation model. The study was designed to determine (1) if
PBX-9502 exhibited detonation pressure buildup with run (such as exhibited by PBX
9404), (2) if the BKW or gamma-law PBX 9502 isentrope was adequate to describe
the explosive behavior in the aquarium test, (3) if the Forest Fire model was
adequate to describe the energy delivered by shocked but not detonated PBX 9502,
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and (4) if the explosive performance of PBX 9502 in diverging geometry was ade-
quately described.

II. PBX 9502 DETONATION PRESSURE BUILDUP

A series of experiments were designed to investigate the change of C-J pres-
sure of PBX 9502 as a function of distance of run. A driver was designed such
that the input shock in the PBX 9502 results in a short distance of run to detona-
tion without overdriving the PBX 9502. The driver was a P-81 lens, 51.0 mm of
Comp. B-3, and 6.3 mm of Dural. It sends a shock of about 215 kbar into the PBX
9502 with a distance of run to detonation of about 2.4 mm. The driver initiated
12.5-, 25.0-, and 50.0-mm-thick slabs of PBX 9502, which then shocked Dural plates
of various thicknesses. The geometry is sketched in Fig. 1. The data are shown
in Table II.

If buildup of detonation pressure as a function of distance of run is not
significant, the initial free surface of the Dural plates should scale as a func-
tion of Dural plate to PBX 9502 thickness. As shown in Fig. 2, the data appear
to scale and no evidence of buildup of detonation pressure as a function of run
distance was observed. The calculated curves were calculated using the HYDROX
one-dimensional reactive hydrodynamics code.

ITII. PBX 9502 AQUARIUM TEST

An aquarium test was conducted by S. Goldstein and calculated by J. N.
Johnson using the 2DL hydrodynamics code. The test has been described in Ref. 7.
An underwater, cylindrical, 17.78-mm-diam charge was detonated at one end and
several photographic exposures were taken with the I2C camera of the expanding
gas bubble behind the detonation front and the shock wave in the water. The meas-
ured detonation velocity was 7790 m/s.

The two-dimensional calculations were performed with the BKW equation of
state and with a gamma-law equation of state through the BKW C-J state. The cal-
culated and experimental bubble and shock positions defined by the l-kbar isobar
are shown in Fig. 3 for the BKW and Fig. 4 for the gamma-law isentrope. The
agreement between the computed and measured shock front and bubble positions is
very good, indicating the adequacy of the equation-of-state description.

IV. ENERGY DEPOSITION FROM SHOCKED PBX 9502

A series of experiments were performed to study the rate of energy delivered
to a 2.5-mm magnesium plate by 4.52, 7.57, 10.51, 17.50, and 49.97 mm of PBX 9502
initially shocked to 135 kbar by a driver system. The run to detonation is about
10 mm. The driver system used was a P-80, 51 mm Comp. B-3, and 25 mm of stainless
steel (type 304).

The MSFF model is necessary to reproduce the experimental data and the Pop
plot. The first 10 mm of explosive continues to decompose in the MSFF model,
whereas it completely reacts after detonation occurs in the Forest Fire model.

The experimental configuration is shown in Fig. 5 and the magnesium plate
velocity as a function of time is shown in Figs. 6-10. The PBX 9502 used in
these experiments had a slightly different Pop plot so the Forest Fire rate used
is given in Table III.



TABLE II

PBX 9502 DETONATION PRESSURE DATA

HE U Standard
Shot Density Thickness Dural fs Deviation
No (g/cm®) (mm) (mm) Dural/HE (mm/ys) (mm/us)

Nominal 12.5-mm PBX 9502

E4829 1.887 12.51 3.20 0.256 2.999 0.0600
E4823 1.889 12.48 4.42 0.354 2.961 0.0049
E48282 1.886 12.47 6.28b 0.504 2.691 0.0428
E4822 1.889 12.48 6.32 0.506 2.858 0.0475
E4821 1.888 12.48 12.55 1.006 2.443 0.0739
Nominal 25-mm PBX 9502
E4866 1.888 25.00 3.05b 0.122 3.187 0.0110
E4832 1.885 24.98 3.19 0.128 3.123 0.0501
E4831 1.890 24.99 6.31 0.253 2.935 0.0123
E4830 1.889 24.99 12.55 0.502 2.790 0.0175
E4865 1.891 24.97 12.53 0.502 2.745 0.0474
E4864 1.891 25.00 24.96b 0.998 2.533 0.0416
Nominal 50-mm PBX 9502
E4861 1.889 49.98 6.32b 0.126 3.162 0.0650
E4867 1.889 49.95 6.36° 0.127 3.132 0.0300
E4834 1.889 49.99 12.56 0.251 2.890 0.0127
E4833 1.887 49.97 25.03 0.501 2.708 0.0146
E4907 1.890 49.96 50.55 1.012 2.413 0.0114

#Value rejected because of a possible error in recording the Dural plate thick-
ness.

bDural surface finished on air-bearing lathe with a diamond knife.

cVapor—plated copper surface (0.02-mm-thick copper).

V. ENERGY FROM DIVERGING PBX 9502 DETONATIONS

To determine if we can model the performance of diverging detonations in
PBX 9502, a 1.524-mm Dural plate was driven by a diverging PBX 9502 detonation
(which ran 7.0 mm on the detonation axis) initiated by a l16-mm-radius X0351 hemi-
spheric initiator identical to that described in Ref. 6. The system was backed
by a 6.35-mm-thick steel plate.




- TABLE III

PBX 9502 FOREST FIRE RATE USED IN ENERGY DEPOSITION STUDY
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87666 2,0563E=el
87251 2,2683E=0}
,86828 2,4989Een1
86397 2eTU93Emny
285957 3.,8210E=031
85529 3,3157E=81
85851 3,6352E-01
,8458% 3,9812Ee01
84109 4,3557Ee 021
83624 U4, TolAE=}
83129 Se1993Ee01y
82623 S:6731Eedl
82147 6.,1851E=ny
81584 6e7382Ee0}
Bilaue 7.3355Ce0
s 80493 7.,9884Ee 3}
e 79932 8,6760Een]
79358 9,4279k -1
«TJAT72 1.6232E+00
« 78172 1.1108E+40
77559 1,2uS52E+00
076933 1,3272E+00
076293 1,4172E+00
075638 1e5359E¢+0U
s TU96T 1,66U1EsR
LY 1,8424E¢ 00
073578 1,9518E+00

1,89up0

TEMPERATURE

654,46531
668,76508
683,16177
697,65128
712,22977
726,89367
T41,63961
756,46446
771,36526
786,33921
8nt,3837¢
816,49624
831,68987
8u6,92896
862,22978
877,59@26
893,00843
998, 48242
924,81044
939,59877
955,22175
976,90182
986,62945

‘a2, 46316

1818,22154
1334,088322
1149,98687
1165,93119
1081,91494
1P97,93689
1113,99584
1136¢,49004
1146,21956
1162,3R265
1178,57872
1194,8275¢6
1211,0n7899
1227,36094
1243,67214
120“.”1127
1276,377314
1292,769068
1309,18543
1325,62526

TIME

7.31856
6,63706
6,83575
5.58333
S.,43a34
4,60882
4,23204
3, 8943
3,59078
3,31722
3,070814
284642
2.64342
2045882
2,29061
2,13703
1,99656
1,86784
1,74969
1,64185
1,541081%
1,4U4874
1,36351
1,28468
1.21160
1,14393
1,08144
1,8225%
968114
« 91737
«87042
. 82580
o 7844S
e TUSTY
e TVOUSR
067547
e 64354
061355
«58534
«955879
¢53378
051821
JUB797
46696




X32934A
POP PLOT,

REACTION MUgONIOT,

RUN

«32U28
31228
2 300386
29300
« 27966
226984
2260414
025148
24290
23474
22694
e 21948
21235
298552
210899
219273
18074
,180899
217548
17819
016511
16823
« 15554
215184
p14671%
p14254
~13854
p134e8
213396
212738
»1239%
120614
o11740
o11431%
211133
.18849
18566
« 10298
100338
«39787
+ 39545
«39310
.929g83
y1-2.1.11
38651

Xaa9@,
LNCRUN) s Al ¢ A2a N(PeAl),
US = C ¢ Seup,

PCJ=n, 285,

p

19234
« 19500
s 10750
«2R000%
2R259
s 23588
«2R3759
. 21080
21250
21502
21758
22008
22508
22750
230730
23258
+ 23584
0237580
«24Ra8
s 2U250
s 24759
25008
e 25258
« 25500
25758
« 26308
¢26250
26500
« 26750
« 278207
027250
275020
«27758
s 2AG0A7A
s 2R25H
«2RSAN
s 2R758
e 2930Y
229250
« 29540
.R9754
. 3nAYe
30250

ped = A,7707

v

039622
039582
039544
039585
039468
03943}
0391395
¢ 39359
«39324
39289
39284
39221
39187
¢ 39155
39122
« 390290
039059
0 39¢28
e 38997
e 38967
«389%7
38938
«38378
«3885%0
38821
«J8793
« 38766
2387318
38712
38685
038659
38633
38607
38581
« 38556
« 38532
« 38507
e 384R3
« 38459
038435
38412
«3R388
R LELY
e 38343
38320

TABLE III (cont)

Al = wS,9428T1E+0,

C 3 2,4uVdNrEeyl
UP 8
«15926 ,063816
16853 Jo4134
.161880 JOHEU9
016385 J0UT63
16438 s 05¢TS
16554 « 65385
e 16677 « 65693
. 16800 . 65999
16922 +06304
o 17643 e 66687
17163 e 66998
17283 .07208
o 17u02 « 67586
17521 07882
. 17639 e 58::97
017756 « 68391
017873 ., 080682
«17989 ,68973
« 18105 e h9262
18229 , 09549
«18334 +h9835
s18448 . 78120
18561 s70u83
18674 , 78685
«18786 1 78965
«18868 s 71244
019309 s 71822
19119 « 71799
19230 o 121474
e 19339 s 7234U8
s 19UUR rirl!
. 19687 s12H92
e 19665 s 73163
o 19773 e 73432
019880 « 73780
« 19987 e 73967
. 20393 JTUP3R
20199 e T4uU97
20304 s TUT60
. 2RUA9 L7523
20514 75283
.20618 . 75544
229721 L, 798N
27825 <7661
« 20927 e 76319

A2
8

10CT8R RHO
©2,9233759E¢9 A3 = @,
2,50A030EeRy

w RATE

072858 2s1131Ee000
72128 2.28TUE+ 1Y
071365 2,4759E+@0
, 70592 2,679TE 08
269793 2.9582E¢ 00
268984 3.1236E¢00
« 68145 3.,3977E+00
67298 3,5846EenD
664Dy 4,3139E¢@0
«055081 4,3133E¢00
s 6UST Y 4,6728E¢00
063616 5,0642E¢00
62634 S.49VTE+ a0
061623 S.9562E¢80
68583 6,Ub6U9ECQU
«5951¢2 7.8217E+00
58410 7.6323E+09
«57273 8,3032E¢+09
56101 9,8417E+q0R
054893 9,8567TE+09
053652 1,0736E¢0}
052366 1,1727E¢01
51038 1,2828E¢01
0 49665 1,4B56Een
sUB24UG 1,5u25Ee¢0}
sU46778 1,6962E¢01
45258 1,8069uE+01
JU3684 2.865uEe01
JU20n83 2.2883E+01
o 48360 2.5432E¢0%
38604 2.8368E+01
« 36788 3.,177Tu4E+Q1
. 34885 3,5757E¢01
032913 4,8465E+¢d1
30861 4,6090Een1
28723 S.298T7E+01
s 26493 6,130UEeR]
U160l 7.1857€E¢001}
021736 8,5US9Ee¢01
«19195 1,0357€¢02
0 16535 1,2874Eer?2
«13748 1,6588E+02
¢ 19825 2:2h36Es02
«B87736 3,3982E+42
s 2U4SA3 6,269TE 02

i1,89400

TEMPERATURE

1342,08745
1358,57491
1375,07457
1391,59733
14g8,15879
1424,66982
1441,26979
1457,82778
1474,47725
1491,87649
1507,78385
1524,34287
1548,994816
1557,64716
1574,31208
1593,98395
1607,66184
1624,34478
1641,03184
1657,72218@
1674,37411
1691,085472
1707,73266
1724,408657
1741,07580
1757,73651
1774,38957
1791,03263
1887,66409
1824,28228
1849,885u8
1857,47191
1874,043973
1890,58751
1987,11234
1923,61256
1940 ,08600
1956,534}
1972,9434¥
1989,3225¢
2UNS5,66511
2n21,96850
2u%R, 22978
2vs4,49098
2a7¥,670647

TIME
LAY
42835
JU1068
¢39378
«37785
«36275
s 3UBUY
«33484
«32188
¢ 30959
. 2979}
128679
27620
e260611
025658
' 2UT33
«23858
123023
022225
021463
128734
20837
«19371%
018732
18121
017535
016973
16435
«15919
15423
014947
1449
s 14051
«13629
13223
012833
+12458
s 12896
s 11749
oi1dtd
o 1109}
e 1VWTRA
10489
1919}
89912



TABLE III (cont)

X@290A X8,9a, PCJzA,285, DrJ = a,77R7 focrae RHO = 1,89448

LN(RATE) 2 (1) + C(2)%P ¢ .4 ¢ C(Me1)a(PasM)

C(IZ1,12) 8 o¥,0669A918T2E¢ul 5.4T70UBBSIUSEeNT «2,182T35T71284E¢0¥S 4, TT2914110TE+P6 =6,9948515921¢E¢@7
6.925069745PE¢n8 4.T7375626849E¢09 2,241T6T6T762E¢1P ©T7,2036423230E¢104 1,4999723416Lk¢+11

©],824961989TE+11 9.846T1T73234E+1D

PRESSURE RATE FIT WEL, ERROR
5,8380080Een2 3,173456F=n3 3,077AS3Een? . 18R5118
5,250883nE=02 3,841523=03 3,855041E=@3 -,30378¢
5,500008nE=@2 4,70896BEeR3 4,TU3U39E=¥3 ., 47328
S.75878naE=n2 5,725193¢=03 S,76RUB6E=V3 o, 86150
6,080a8nE=02 6,90T4UIE=n3 6,927911E=0Q3 e, N2963
6,25000nEn2 8,27530u4fren3 8,270973E=023 , 08523
6,500000E=02 9,8U9969F=R3 9.816977E=33 . *83349
6,75080pE=02 1,165432F=0? 1.159506E=32 . 250885
7.00080aE=02 1,371386E=02 1.363556E=82 0485652
7.250800aE=2 1,685277F=02 1.596957E=02 «785183
7.,50008nE=02 1,874209F=082 1,662857E=02 s 103931
7,750800E=02 2.,169180g=0?2 2,16U4U2UE=BR «102193
8,03000pEen2 2,505499g=0a2 2.,57a837E=R2 o HBPn264
8,2500AnE=02 2.882716E=02 2.887309E=2 °,1131593
8,50073nEe02 3,30U0U3E=02 3,315121E=82 83171
8,75¢¢dat-n2 3,775365F=032 3,791686E=32 -,84323
9,0800008nEm02 4,299263F=02 4,32062uE=82 ., 184969
9,25¢03nE=0a2 4,881029¢-02 4,905851E=d2 ., 85886
9,50008aE=02 5,525689¢=82 5,551687E=22 -, 34785
9,75¢@3nE=02 6,238626E=02 6,262937E=02 ., 03897
1,000000E=01 T.0256P 102 7.044999E =02 o, "B2761
1,8250009E0a1 7.892779F=02 7,90394BE=82 o, 81414
1,085000aE=21 8,8U6763E=02 8,846565E=92 Y KIF.F]
1,87508nE=81 9.,89U60BE=02 9,8803U62E=02 131430
1,1000¢8E=01 1,104388g»01 1,181403Ee81 ,uB2703
1,12580aE=031 1,230065¢=91 1,2256URE=0 ,HB3591
1,150000E=01 1,367761E%01 1.361784E=81 4369
1,17500pE=81 1,518201F=91 1,51389QE=a1} -'3uBie
1,200038aE=01 1,682379F=0} 1,67411UE=3] L WBu912
1,2250080Eea} 1,861356g=21} 1.852674E=31 s NBUb6U
1,2520¢0E=01 2,056260g=01 2,0478UUE=Q] . 1104897
1,275000E=01 2.268337¢-01 2,26094TE=V] L, 332%8
{.,30000nE=01 2,U98867g=91 2,493353E=01 v8229%6
1,325000E01 24T49258F=0R} 2.746UT3E=G 01813
1,35000nE=01 3,821812F=9} 3.021753E-031 -, *3v24S
1,375¢daE=0a1 3,315742F=0} 3,320680E-01 o, 31489
1,40000ake01 3,635177¢=0} 3.0U4TBTE=D] ., 02643
1,02500aE=a1 3,9811 7781 3,995603E=021 -,183639
1,u5008nE=01 4,355739g=0Py U,37U0TSE=RY o, BUULE
1,475008nE=a1 4,761811F=01 4,7BUGBBE=B] -, "3U931
1,50003aEen} 5.199307¢g=01} 5¢226102E=N} °,.'35154



X@2984A

Xp293, PCJ=z0,285,

pcd = a,7707

TABLE III (cont)

LN(RATE) = (1) ¢ C(2)#P ¢ _ o ¢ C(Me1)a(PuaM)

C(lsi,12) =

©7,0669391872E¢nl
6.925069TUSRE+18 ey ,T7375626849E+N9
©1,82U961989TEeq]l 9.8U46717323uUE¢1D

PRESSHIRE RATE FIT

1,52500nEent S.67311bg=n1 5,731883E=01
1,550008nEea1 6,185121pen} 6,21U115E=01
1,57583aEed] 6,738218Fe0n} 6.,7653u2F=By
1,60280pEenl 7.335521F=9} 7.358421Ee@}
1,62500nEenl T7.9R0U2SFeU 7.996SA1E=41
1,65020pEe01 Be6T706571Fon} 8,683U69E=1¥1
1,67580pCen} 9,427923¢=2} 9,U2320RE=7}
1,7000apEent 1.023216F¢00 1., U220U4E+ 2D
1,7250AnE=01 1.110771g¢00 1,1ABQA3BEs AP
1,75800aEe01 1,20524Tge0n 1.2R088UE+PD
1,77508pEep! 1,387191F¢0p 1.301226E¢00
1,80000nEent 1,417198F¢0Pn 1,489774UEePR
1,82503aE=a1 1,535918F¢00 1,527303E+00
1,85808nEe01 1,664B85TE¢U0 1,65U655E+38
1,87503REe01 1,80239QF¢0Q 1,79273uE+@d0R
1,9¢0908nEed! 1,951764g+00 1.,943811E¢0@
1,925¢ant=01 2,1131069g¢00 2,108816E+30
1,95000aE«n1 2.,2874U6E+3n 2.281338E+00
1,97502nE=a1 2.,U475898F¢00 2,UT7262UE+ 30
d,00003aEe01 2.67976%F B0 2.,68B379E+ 38
2,02508nEed1 2,95V179g¢dg 2,90U969E+ 20
2,05¢08paEmy! 3.123642¢¢080 3,148631E¢00
2,0750AnE=0a1 3,397732¢F¢ 00 3, 412481E+00
2.10002pE=dt 3,58461ugedn 3,698843E+00
2.,125000pE=ga] 4,813930F¢03¢ TU,0069TUEG0
2,1530M0Eed! 4,313316f¢00 4,34111%E+00
2,17503pEea! 4,672839c¢03¢ 4,782541E+30
2,20000pE"01 S.86418YF¢00 5,893643E+00
2,225008nEe081 S.U9C6IBF+88 S.S17216E¢00
2,250008E=a1 5,95615u4f+0@ 5.,976%368E+00
2,275000E-01 6, U6UBS2E+ 30 6,UTS6STE+30
2,30000nEw01 7.321698g¢00 7.919233E¢+09
2,32500ak-0a1 T7.632312E¢G0 7.613018E+080
e,35000nk-01 8,303161F¢Rg 8,263887E+90
2.3758anEega1 9.,841724g 0@ 8,980889F+39
2,u0000pEwpt 9,8566T4g+00 9, 7T14b64ESQD
2,u25009ke01 1,873597g+01 1,86U973E+01
2,45000pE=g| 1.172721E¢91 1.,163060E+91
2.,487%8@85=01 12028858+ 2] [.E672433E¢61i

2,5000ahE-01

1,485u29+0n}

1,398878E+01

S.4TAUEASIUSEeNS «2,10B2T3T71284E+RS
2,2U1TbT6TO2E+13 =7,2M36U2323CE¢+10

7eL, ERROR

°,t05%07¢
o, 134688
°,. 14025
o, 'B3122
-,.'82024
., 8,795
. ‘ﬂuS‘)ﬂ
o 41145
o 'R2UbLE

. 83620
o ~84563
«185238
s ¥5618
ot 85650
.05357
e HBUTUY
.-'A%830
o 82670
,'931323
-, 81139
o'15324
-, 134000
o, B0u3uy
o, 431643
J81733
., 186445
-.nﬁbSSb
-, 1085817
-, 180829
.,:183427
®, 101671
o 01:351
,829528
14730
,118H6816
JNBR6US
,+88835
Y LIT.L
B8B4G
1870809

10CT8Y RHO = 1,A9400

U,TT291U11VTE® N6 @6,9948515921E¢07
1,4999723416E¢11



01

TABLE III (cont)

XP292A  xu29a, PCJ=0,285, DcJ = A, 7707
LNCRATE) 3 (1) ¢ Cta)*P ¢ ,, o ¢ C(Mel1)a(PaaM)
C(IN1,12) & o7,0660R91872E+xl 5, 4T7NUBCSIUSES2Y 2,12 T3T128UE+4S 4, T7291411UTE+N6 6,990R515921E+47

10CTAN RHO = 1,894u@

609250697 4SBE+(18 e, T73T75626BUIECNY

2,2U1ToT6T6RE I T ,203642323VE¢1H

©1,82U9619R9TE+11 9,846T173234E+1D
PRESSIIRE RATE FIT KEL, ERROUR
2,525808E=01 1,502uB82F¢+a1 1,534uBBE+S] ,1185187
2,550080E=01 1,696228F¢91 1,691663E+91 482691
2.5752¢0E=0a1 1,869uP9F ¢} 1,870825E+@1 ., 08r329
2,630000E-01 2,06537Tg 8} 2.,872896E¢81 *, 083641
2.,6250800E=01 2,288266E+0] 2.,30U120E¢81 -, 36928
2,650008RE=0a1 2.543236E¢01 2.568177E+01 -,.189837
2.675208aE=031 2,836811¢04 2.,87QUGBE+D] o, 11843
2,78¢dgnE-at 3,177350F¢+01 3,217382E+081 *,t112599
2.72508¢aE=0A1 3,57574a4p¢01 3,61 7548E+@] ., /11690
2,75¢088nE=01 U,8Ub462F+8 4,PB2320E+81 e, '3R862
2,775¢@pE=0a1 4,6090U9F+R1 U,627979E+31 ., Gu107
2,800000E=01 5,290T721g¢81 5,278820E¢01 . ¥82249
2,825¢0pEe01 6,130387F¢031 6,072620E¢01 . 39423
2,850008E-01 7.18578 7«81 7.,878210E¢+981 . 116873
2,875003nEedl 8,54599AF+1} 8,372948E¢0} o 2¢2U3
2,9900ApEen 1,035671F¢R2 1,0115591E¢32 o 19349
2,925800E=01 1,287353F¢82 1.273626E¢82 0114663
2,950080aE=0a1 1,658827F¢ue 1,672158E+82 o, v380836
2,97500ake=0n1 2.26306UBE*R2 2.336337E¢02 o, 332115
3,000000E=01 3,3968181F¢02 3,548103E¢042 ., 44118
3,02500nEe01 6,269734ge0? 6,316798E¢02 o UNI3UR

1,49997234 0kl




TABLE 1V

PBX 9502 SHOCK INITIATION DATA

a A:ﬁ;%(;m-: Ufsc DQHSi;y Usd upe Pt vV e x*f t*f

Booster Attenuator Thickness (mm/us) (g/cm”) (mm/ps) (mm/ps) (GPa) 0  (mm) (us)
%0290
E-4105 P8-51T PMMA 0.25 3.723 1.897 5.8Q0 1.47 16.2 0.747 4.64 0.756
E-4106 P8-25T PMMA 0.95 3.14 1,898 5.24 1.24 12.3 0.763 12.78 2.243
E-4121 P8-51T PMMA 0.38 3.57 1.902 5.45 1.43 14.8 0.738 5.88 0.994
E-4122 P8-25T PMMA 1.50 2.77 1.896 4.80 1.10 10.0 0.771 15.38 2.893
PBX 9502
E-4696 P12-51T PMMA 0.24 3.85 1.893 5.32 1.60 16.1 0.700 2.246 0.38
E-4738 P8-51T PMMA 0.25 4.01 1.893 5.84 1.61 17.8 0.725 2.30 0.40
E-4737 P8-51T PMMA 0.25 4.09 1.896 5.40 1.71 17.5 0.683 2.73 0.49
B-8425 P8-51T PMMA 0.25 3.81 1.893 5.78 1.51 16.6 0.738 4.28 0.71
E-4718 P8-25T PMMA 0.60 3.37 1.897 5.05 1.38 13.2 0.727 6.55 1.20
E-4729 P8-51C SS 0.45 1.62 1.892 5.41 1.29 13.2 0.762 6.96 1.24
B-8513 P8-51C SS 0.50 1.46 1.892 5.00 1.18 11.1 0.765 11.41 2.11
B-8424 P12-25T . PMMA 1.50 2.89 1.894 4.90 1.16 10.7 0.764 12.5 2.35
B-8557 P8-51C SS 0.50 1.38 1.895 4.92 1.11 10.4 0.7764 13.7 2.59
E-4695 P12-518 PMMA 0.24 2.63 1.893 4.72 1.05 9.37 0.778 16.9 3.40
E-4741 P12-518 PMMA 0.36 2.66 1.895 4,55 1.08 9.33 0.762 20.8 4.24
B-8549 P12-518 Dural 0.37 1.57 1.895 4.99 1.01 9.51 0.798 22.6 4.33
B-8534 P12-518 PMMA 0.48 2.54 1.895 4.67 1.01 8.93 0.784 23.7 4.74
B-8553 P12-518 Dural 0.68 1.49 1.895 4.58 0.98 8.51 0.786 24.9 5.08
B-8569% P12-51T SS 0.37 1.08 1.895 4.46 0.88 7.48 0.802 39.9 8.48
B-85778 P12-51T Ss 0.36 1.09 1.894 4.61 0.89 ° 7.75 0.807 30.5 6.35
B-8511 P8-518 PMMA 0.36 2.52 1.894 4.58 1.01 8.76 0.780 19.1 5.43
E-4739 P12-51C-258 PMMA 0.22 2.10 1.895 4.40 0.82 6.86 0.813 >55 >12.5
B-8542 P12-51C-17s PMMA 0.32 2.05 1.894 4.43 0.77 6.69 0.820 >55 >12.8
B-8514 P12-51T-198 PMMA 0.25 1.70 1.894 4.10 0.66 5.14 0.838 >55 >13.3
15-1323 P8-510C Dural 0.25 3.43 1.885 7.19 2.02 27.4 0.719 0.68 0.104
15-1325 P8-510C Dural 0.25 3.50 1.885 7.39 2.05 28.6 0.727 0.63 0.102
15-1328 P8-510C Dural 0.25 3.3 1.885 7.11 1.98 26.5 0.722 0.72 0.090
15-1324 P8-51C Dural 0.25 3.03 1.885 6.24 1.86 21.9 0.702 1.49 0.225
15-1326 P8-51C Dural 0.25 3.04 1.885 6.58 1.83 22.7 0.722 1.43 0.213
15-1355 P8-51T Dural 0.25 2.54 1.885 5.69 1.59 17.0 0.721 3.92 0.661
15-1357 P8-51T Dural 0.25 2.43 1.885 5.41 1.54 15.7 0.715 4.59 0.774
15-1358 P8-51T Dural 0.50 2.16 1.885 5.21 1.38 13.5 0.735 8.50 1.51
15-1360 P8-51T Dural 0.50 2.20 1.885 5.27 1.40 13.9 0.734 7.96 1.41
15-1354 P8-518 Dural 0.25 1.67 1.885 4.61 1.10 9.5 0.761 ----- ————

2abbreviated code for booster system (P8 = POBl plane wave lens, P12 = P120 wave lens, 51C = Sl-mm Composi-
tion B, 25T = 25-mm TNT, xxOC = xx-mm Octal, xxB = xx-mm Baratol, and xxS = xx-mm Stainless steel (type 304).

Material in final attenuator plate (driver) adjacent to the acceptor explosive. PMMA is polymethylmetha-
crylate, Dural 1is 6061 Dural, and SS is stainless steel (type 304).

c
Free-surface velocity of the driver material. For the M-3 shots this variable was measured using the re-
flected-wire technique.

d
Value for the shock velocity extrapolated to the point of entry of the shock wave into the explosive.

e
Particle velocity, pressure, and compression obtained by matching the particle velocity and pressure of the
driver and the explosive at the interface.

f
Distance and time to the transition to detonation measured from the shot record.

8There 1s no explanation for the significantly lower measured detonation velocity for these shots.
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The pressure contours are shown in Fig. 11, and the calculated initial plate

movement and the experimental reflectance times from a 1.27-mm air gap between
the Dural plate and a Plexiglas block are shown in Fig. 12.

The calculated and experimental Dural plate positions under the axis of the

detonator are shown in Fig. 13, and the calculated and experimental plate veloc-
ities are shown in Fig. 14.

VI.

PBX 9502 POP PLOT DATA

The Pop plot data for PBX 9502 are shown in Fig. 15 and Table IV. Although

there is considerable spread in the data, the Pop plot used in Ref. 1 for X0290
adequately describes the data. The WX-7 datawere obtained by W. L. Seitz.

VII.

CONCLUSIONS

The available performance data for PBX 9502 indicate that the BKW or gamma-

law isentrope is adequate to describe the behavior of the detonation products.

The buildup of detonation characteristic of many explosives was not observed for
PBX 9502.

The rate of energy release from shocked, but not detonated, PBX 9502 may be

described using the multiple-shock Forest Fire decomposition model.
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