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Table 1 Thermal-chemical parameters of PBX components

component p/kg-m™ C/)(kg:K)"  k/W-(m-K)" Q/J)-kg” z /s E /)-mol™
HMX [1o-12] 1905 1004.62 0.456 5.615%10° 1.5984x10'" 1.4322%10°
TATB 10 12713 1930 1088.33 0.536 2.94x10° 4.356x10" 1.4196%10°
Estane 5703 '471¢] 1197 1155.00 0.020 -3.98x10° 7.896x10" 1.6118%10°
BDNPA/F 577 1411 1315.00 0.325 2.825%10° 2.1464x10" 1.6383%10°
Kel-F 800 112 1] 2020 1000.43 0.053 -5.871x10" 9.9349x10"7 2.7233%10°
fluoropolymer 1871 1941 1000.41 0.053 -5.263x10* 2.692x10% 2.9476x10°
wax 15 20] 915 2190.00 0.210 2.2x10° 1.91x10'" 9.2397x10*
As-Gr 14715 6000 330.00 50.200 6.0x10° 1.5%10" 5.0x10°
Al6601-T6 2700 896.00 167.000 / / /

stee] 14 8030 1611.00 51.000 / / /

Note: p is density, C, is specific heat; k is thermal conductivity; Q is decomposition heat per unit mass; Z is pre-exponential factor and E, is activation energy.

+&2 PBX-9501 Fl PBX-9502 18 ¥ 2k 56 (1Y K A5 400 b4 ) 2

Table 2 PBX model parameters for slow-cook off simulations

charge r p/kg-m™ C,/)(kg-K)"" k/W-(m-K)™ Q/)-kg™! z /s E,/)-mol™
PBX-9501 0.98 1842 1016.14 0.4260 5.334%10° 8.858x10" 1.441x10°
PBX-9502 0.98 1896 1083.94 0.5026 2.793%10° 4.967x10'° 1.467%10°
PBX-4 0.98 1852 1022.07 0.5886 5.178x%10° 7.268%x10'® 1.468%10°
Note: ris compactness (actual density to theoretical maximum density).
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Table 3 JWL model parameters of PBX products

charge Cy /) (kg-K)™ A/ GPa B/ GPa R, R, w E,/ GPa
PBX-9501 !4 1000 852.4 18.02 4.55 1.3 0.38 10.2
PBX-9502 4 1000 460.3 9.544 4.0 1.7 0.48 7.07
PBX-4 1000 652.7 9.678 4.3 1.1 0.35 9.8

Note: C, is gas specific heat; A, B, R,. R, and w are JWL model constants and E; is detonation energy density.
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Fig.1 Diagrams of the SITI simulations and experiments for PBX-9501 and PBX-9502
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b. experimental setup
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Fig.2 Diagrams of the slow cook-off simulations and experiments for PBX-4

1—Ilower clamp plate,2—support washer,3—housing shell,4—PBX-4,5—upper clamp plate,6—drilled bolt,7—top cover,8—bolt
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Table 4 Ignition time and blast temperature of each sample
charge
timeto  ignition explode
charge ignition  temperature temperature
/s /K /K
simulation 5493 459 3328
PBX-9501
experiment!?+ 21 5685 443 2364-2853
simulation 2372 546 3502
PBX-9502
experiment 2251 2244 540 1887-2477
650
600- 1
550- 4

temperature / K
S
=

2 o experiment™
300 —— simulation 1
250 T r r T ;
0 500 1000 1500 2000 2500 3000
time /s
b. PBX-9502

Fig.3 Experimental and simulation temperature vs. time curves measured at the PBX sample center
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a. pressure distribution of the PBX-9501 shell
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b. pressure distribution of the PBX-9502 shell

Fig.4 Simulation results of the shell fracture of PBX-9501 and PBX-9502 after ignition
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Table 5 Experimental results of PBX-4 slow cook-off tests
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3

experiment No. p/kg-m™  explode temperature / K

time to explode / s

overpressure / kPa TNT equivalent/g  reaction type

1 1846 539 5040
2 1842 534 5160
3 1.851 526 5120
4 1.843 515 5160
5 1.845 527 4860

20.7 26 deflagration
17.8 19 deflagration
21.1 27 deflagration
24.9 38 explosion

21.6 29 deflagration
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a. temperature distribution of the product
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b. pressure distribution of the shell

Fig.5 Simulation results of the product temperature distribution and shell fracture of PBX-4 after ignition
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Fig.6 Recovered shells and samples after explode reaction
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Development and Application of a Prediction Model for Thermal Decomposition Parameters of PBX
Explosives

CAO Luo-xia', WANG Hao', ZHOU Tian-yu’, HUANG Qian', Li Zi-jian', ZHOU Yang'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. School of Advanced Manufacturing Engineering ,
Chongqing University of Posts and Telecommunications , Chongging 400065, China)

Abstract: To overcome the limitations of conventional cook-off models in full-chain prediction of explosive formulations and
charge behaviors while eliminating post-ignition temperature field singularities, a multi-component parameter fitting model was
systematically applied to investigate the thermal decomposition response and cook-off characteristics of polymer-bonded explo-
sives (PBX-9501, PBX-9502, and novel PBX-4). A component parameter-driven full-process simulation framework was estab-
lished through coupled multi-physics modeling integrating Arrhenius reaction kinetics with the JWL product gas equation of
state, enabling numerical characterization from initial thermal decomposition to final casing rupture. Validation results demon-
strated that ignition time prediction errors for PBX-9501 and PBX-9502 were 3.4% and 5.7% respectively compared with experi-
mental data. Ignition time deviation for PBX-4 prediction reached 2.3% against validation experiments. Dynamic regulation of
product gas parameters stabilized explosion temperatures within 3328-3502 K, effectively resolving temperature singularity is-
sues inherent in traditional solid-phase cook-off models.

Key words: polymer-bonded explosives (PBX) ; cook-off tests; numerical simulations;ignition; product expansion
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