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PBX 9502 PERFORMANCE

by

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

ABSTIUCT

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/cm3 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 TBX 9502 can be modeled using the BKW equation of state and
Forest Fire burn rates. In Ref. 2 we modeled the observed desensitization of PBX
9502 by preshocking using a Forest Fire decomposition rate determined only by 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. In Ref. 4 the
same model was used to model the initiation of PBX 9502 by jets of copper, alumi-
num, and water. In 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) i.E
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
quately described.

II. PBX 9502 DETONATION

performance of PBX 9502 in diverging geometry was ade-

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.O-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.

III. 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 I*C 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
velocity as a function of time is shown in Figs. 6-10.
these experiments had a slightly different Pop plot so
is given in Table 111.

and the magnesium plate
The PBX 9502 used in
the Forest Fire rate used

3



Shot
No,

E4829

E4823

E4828a

E4822

E4821

E4866

E4832

E4831

E4830

E4865

E4864

E4861

E4867

E4834

E4833

E4907

PBX 9502

HE
Density Thickness
(g/cm3)

1.887

1.889

1.886

1.889

1.888

1.888

1.885

1.890

1.889

1.891

1.891

1.889

1.889

1.889

1.887

1.890

(mm)

TABLE II

DETONATION PRESSURE DATA

Dural
(mm) Dural/HE

Nominal 12.5-mm PBX 9502

12.51 3.20 0.256

12.48 4.42 0.354

12.47 6.28b 0.504

12.48 6.32 0.506

12.48 12.55 1.006

Nominal 25-mm PBX 9502

25.00 3.05b 0.122

24.98 3.19 0.128

24.99 6.31 0.253

24.99 12.55 0.502

24.97 12.53 0.502

25.00 24.96b 0.998

Nominal 50-mm PBX 9502

49.98 6.32b

49.95 6.36=

49.99 12.56

49.97 25.03

49.96 50.55

aValue rejected because of a possible error
ness.

0.126

0.127

0.251

0.501

1.012

in recording

‘fs
(mm/lls)

2.999

2.961

2.691

2.858

2.443

3.187

3.123

2.935

2.790

2.745

2.533

3.162

3.132

2.890

2.708

2.413

Standard
Deviation
(mm/Us)

0.0600

0.0049

0.0428

0.0475

0.0739

0.0110

0.0501

0.0123

0.0175

0.0474

0.0416

0.0650

0.0300

0.0127

0.0146

0.0114

the Dural plate thick–

b
Dural surface finished on air–bearing lathe with a diamond knife.

‘Vapor–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 16-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.
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PBX 9502 SHOCK INITIATION DATA

.

X0290

E-4105

E-4106

E-4121

E-4122

PBX 9502

E-4696

E-4738

E-4737

B-8625

E-6718

E-4729

B-8513

B-8424

B-8557

E-4695

E-4741

B-8549

B-8534

B-8553

B-85698

B- B577~

B-8511

E-4739

B-8542

B-8514

Boost era

P8-51T

P8-25T

P8-51T

P8-25T

P12-51T

P8-51T

P8-51T

P8-51T

P8-25T

P8-51c

P8-51C

P12-25T

P8-51c

P12-51B

P12-51B

P12-5LB

P12-51B

P12-51B

P12-51T

P12-51T

P8-5LB

P12-51c-25S

P12-51c-17s

P12-51T-19S

WX-7 Data

15-1323 P8-51OC

15-1325 P8-51OC

L5-132B P8-5Loc

15-1324 P8-51c

15-1326 P8-51C

15-1355 P8-51T

15-1357 P8-51T

15-1358 P8-51T

15-1360 P8-51T

15-1354 P8-51B

Ratio

Atten. /HE
Attenuatorb Thickness

PnmA

PMMA

PR?4A

PMMA

PMMA

PFfMA

PKMA

PMMA

PNMA

55

55

PMMA

Ss

PmfA

PmlA

Dural

PMNA

Lhral

Ss

Ss

PFIMA

PMNA

PmlA

PmlA

Dural

Dural

Dural

Dural

Dural

Cural

DuraL

Dural

Dural

Dural

0.25

0.95

0.38

1.50

0.24

0.25

0.25

0.25

0.60

0.45

0.50

1.50

0.50

0.24

0.36

0.37

0.48

0.68

0.37

0.36

0.36

0.22

0.32

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.50

0.50

0.25

c
“fs

I!!@!@

3.73

3.14

3.57

2.77

3.85

4.01

4.09

3.81

3.31

1.62

1..46

2.89

1.38

2.63

2.66

1.57

2.5L

1.fi9

1.08

1.09

2.52

2.10

2.05

1.70

3.&3

3.50

3.34

3.03

3.06

2.5&

2.43

2.16

2.20

1.67

Density

I&!Jl

1.897

1.898

1.902

1.896

1.B93

1.893

1.896

1.893

1.897

1.892

1.B92

1.89h

1.895

1.893

1.B95

1.895

1.895

1.B95

1.895

1.894

1.B94

1.B95

1. B9fI

1.894

1.885

L.8B5

1.B85

1.BB5

1.8B5

1.885

1.885

1. BB5

1.885

1.885

u,’ u e

@!@l&

5.80

5.24

5.65

4.80

5.32

5.84

5.40

5.7B

5.0s

5.41

5.00

4.90

4.92

4.72

.4.55

4.99

4.67

4.58

4.46

4.61

4.58

4.40

4.43

4.10

7.19

7.39

7.11

6.24

6.5B

5.69

5.41

5.21

5.27

4.61

1.47

1.24

1.43

1.10

1.60

1.61

1.71

1.51

1.38

1.29

1.18

1.16

1.11

1.05

l.OB

1.01

1.01

0.98

0.88

0.89

1.01

0.82

0.77

0.66

2.02

2.05

1.9B

1.86

1.83

1.59

1.54

1.38

1.40

1.10

16.2

12.3

14.8

10.0

16.1

17.8

17.5

16.6

13.2

13.2

11.1

10.7

10.4

9.37

9.33

9.51

8.93

8.51

7.48

7.75

B.76

6.86

6.69

5.14

27.4

28.6

26.5

21.9

22.7

17.0

15.7

13.5

13.9

9.5

f f
v/v. e
— &.&_

0.747 6.66 0.756

0.763 12.78 2.243

0.738 5.88 0.994

0.771 15.38 2,893

0.700 2.24 0.38

0.725 2.30 0.60

0.683 2.73 0.69

0.738 4.28 0.71

0.727 6.55 1.20

0.762 6.96 1.24

0.765 11.41 2.11

0.764 12.5 2.35

0.774 13.7 2.59

0.778 16.9 3.40

0.762 20.8 4.2&

0.798 22.6 4.33

0.784 23.7 6.74

0.786 24.9 5.08

0.802 39.9 8.48

0.807 30.5 6.35

0.780 19.1 5.43

0.813 >55 >12.5

0.820 >55 >12.8

0.838 >55 >13.3

0.719 0.68 0.104

0.727 0.63 0.102

0.722 0.72 0.090

0.702 1.49 0.225

0.722 1.43 0.213

0.721 3.92 0.661

0.715 6.59 0.774

0.735 8.50 1.51

0.734 7.96 1.41

0.761 ----- —---

‘Abbreviated code for booster system (PB = P13B1 plim.s wave Ie”s, PIZ = P12(I Wave 1~”~, 51c = 51-m COmPO~i_
tion B, 25T = 25-mm TNT, XXOC - xx-nun Octal, XXB - xx-nun Baratol, and XXS = xx-mm Staidess steel (type 304) .

b
Material in final attenuator plate (driver) adjacent to the acceptor explosive. Pf4t4A is polymethylmetha-
crylate, Dural is 6061 Oural , and SS is stainless steel (type 304) .

cFree-surface velocity of the driver ❑aterial. For the M-3 shots this variable was measured using the re-
flected-wire technique.

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

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

f
Distance and time to the tra”sltf~n to det~nati~n mea~”red frOm the ~hOt ~ecOrd.

8There iS no explanation for the significantly lower measured detonation velOcitY fOr these shOts.



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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