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Table 1

ingredients in compositions

Characteristic energy decrement from pure HMX for

theoretical density energy attenuation

materials

/g +cm™? factor
HMX 1.905 0
TATB 1.938 0.35
F2314 2.02 1.0
F2311 1.85 1.0
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28.50x, 1472, .
739,62 +x, x,-2.13 0%z (6)
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Pz(Xf) = - H;,

1.938x)

—371.24 —1.23@39-49x +20.17x; +41.87x3 +38.35x, (7)

P (x) = 5523.3x, .
3NN 775 48x, +270.58x, +80.03x, +73.3x,
2804.3x,
189.61x, —4.06x, —4.3x, —3.94x,
50.4x, (8)
1.905x, +1.938x, +2.02x, +1.85x,
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Table 2 The optimal solutions of compositions and their properties subjected to different G

design input design output
volume percent x;/% properties
compositions
o EL~Ey content bound ¥ & Hsy Gs,
HMX TATB F2314 F2311 Y ; ° ’
/M) - kg~ /cm /mm
1<97,0<x,<97
PBX-1 40 1.00~1.20 0 97.00 1.50 1.50 1.1046 >163.8  9.80
1.5 <10,0<x,<10
1 <93,0<x, <93
PBX-2 40 1.00~1.20 0 93.00 1.50 5.50 1.0591 >141.4 10.58
1.5<x,<10,0sx,<10
0<x,<93,x, =x, =0
PBX-3 40 1.00~1.20 0 93.00 7.0 0 1.0591 >139.1 10.67

1.5<x, <10

=x, < =x, <
PBX-4 40 1.22~1.30 20.67 75.33 3.00 1.00 1.22 >78.3 13.95
X3 = =X

PBX-5 40 1.25~1.30 20.92 77.58 1.50 0 1.25 >83.7 13.53

<x <X,
PBX-6 40 1.31~1.40 36.28 59.22 2.50 2.00 1.31 >53.0 16.63
5<x 2<X,

0<x, <93,0<x,<93
PBX-7 40 1.40 ~1.48 48.17  48.83  1.50 1.50 1.4 >44.5  18.11
1.5<x,<10,1.5<x, <10

0<x, <93,0<x,<93

PBX-8 30 1.50 ~1.60 15x, <10.1.5<x, <10

64.48 32.52 1.50 1.50 1.5 >37.3 19.85

0=x,<93,0=x,<93
PBX-9 30 1.56 ~1.60 83.55 8.45 4.00 4.00 1.56 >33.1 22.10
4<x,<10,4<x, <10

0<x,<93,0<x,<93
PBX-10 30 1.60 ~1.70 86.35  7.65 3.00 3.00 1.60 >33.0  22.61
13<x,<10,3<x,<10

&3 JLF PBX WL PERE BT 5 S B0 45 R L

Table 3 Comparison of design results of performances with its experiment results for several PBX formulations

composition/ % properties
compositions HMX  TATB  F2314  F2311 P00 ., o » o Cao
/g - cm /g +cm /M) - kg /cm /mm

design value 0 93.00 7.00 O 1.944 - 1.06( —=0.9%) >139 10.67(4.6%)
xS experimental value 0 93.00 7.00 0 1.944 1.908 1.07 >130 10.20

design value 20.67  75.33  3.00  1.00 1.933 - 1.22( =2.5%) >78.3 13.95(2.1%)
e experimental value 21.00 75.00 3.00 1.00 1.933 1.895 1.25 82.0 13.66

design value 48.17  48.83  1.50  1.50 1.922 - 1.40(4.5%) >44.5 18.11( =5.8%)
e experimental value 48.00 49.00 1.50 1.50 1.922 1.884 1.34 56.0 19.23

design value 86.35  7.65 3.00  3.00 1.909 - 1.60(2.6%) >33.0 22.61( =0.3%)
rexo experimental value 86.00 8.00 3.00 3.00 1.909 1.872 1.56 33.6 23.4
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Nonlinear Optimum Design Method for High Energy Insensitive PBXs( I )

HUANG Heng-jian, HUANG Hui, NIE Fu-de, LIU Shi-jun, ZHAN Chun-hong
(Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract. In order to explore formulation design theory and methods for high energy insensitive polymer bonded explosives(PBXs) ,
the general mathematical model of multi-objective nonlinear optimization design for high energy insensitive PBX formulations was
proposed ,based on the investigation of structure-property relationship for PBXs. The empirical functions of sensitivities versus compo-
sitions of TATB/HMX-based PBX formulations were acquired from experimental data. And a specific mathematical model for
HMX/TATB based PBXs was set up accordingly, using the cylinder specific kinetic energy function, impact sensitivity function and
shock sensitivity function as multiple objective functions, with the energy level, sensitivity level and the content bounds as constraint
conditions. Ten PBX compositions of 8 energy levels were designed and their energies as well as sensitivities were predicted
according to the specific mathematical model. Four of the 10 compositions were selected to be tested. As a result, the error of the
prediction values for energies and shock sensitivities according to the design model deviates within 5% and 6% respectively, while
the prediction values of impact sensitivities are in the same level with experimental results.

Key words: applied chemistry; polymer bonded explosive( PBX) ; formulation design; nonlinear optimum
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