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Fig.1 Equilibrium structures of (PEG/NG/BTTN)/AP/HMX

mixture with different proportions
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Table1 L, and L, of (PEG/NG/BTTN)/AP/HMX five-
component system with different mass ratio at 295 K A
, NG(O—N) BTTN(O—N)  HMX(N—N)
mass ratio Le Lom Loe Lo Loe Lo
2.5:4.1:1.4 1.306 1.419 1.307 1.430 1.373 1.507
2.5:3.9:1.9 1.306 1.426 1.307 1.434 1.374 1.508
2.5:3.5:2.3 1.306 1.450 1.307 1.461 1.371 1.540
2.5:2.9:2.9 1.306 1.429 1.306 1.441 1.373 1.516
NG , BTTN, HMX 1.292 1.413 1.304 1.430 1.354 1.486

MD L RE & L& Tl A RAE T SOV 2544 7T 1Y B
K G0 A A5 FEAS [T T s o0 A, 31X & MD
R PTAE . 3R 2 45 5 AR BN (PEG/NG/
BTTN) /AP/HMX/AI X4 53R & W v 5 B k) NG |
BTTN I HMX 5] A8 L, Fl L0

%2 AFEEE T (PEG/NG/BTTN) /AP/HMX/Al 75 4 4 &
A 5 R 5 R B (L) AR R (L)

Table 2
trigger bond length (L, ) of the deflagrating components in
(PEG/NG/BTTN) /AP/HMX/AI six-component system at dif-

Average trigger bond length (L,.) and maximum

ferent temperatures A
temperature  NG(O—N) BTTN(O—=N) HMX(N—N)
/K Lave Lde Lave Lmax Lave Lde
195 1.306 1.424 1.305 1.430 1.370 1.488
245 1.306 1.430 1.305 1.432 1.369 1.489
295 1.306 1.435 1.306 1.435 1.369 1.503
345 1.307 1.445 1.306 1.450 1.369 1.525
395 1.306 1.459 1.306 1.459 1.371 1.530

M2 AL 0 Tzl R &, il 195 K
T2 395 K i ,HMX NG F1 BTTN [ 5| A f 7 24§ <
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Table 3 Thermal expansion coefficients of (PEG/NG/BTTN)/

AP/HMX/AI six-component system at different temperatures

PO O IE L, 3R A R AR AT — e I S R

F 4 (PEG/NG/BTTN) /AP/HMX/Al 758734 2 1) )y 241 B

Table 4

Mechanical properties of ( PEG/NG/BTTN ) /AP/

HMX/ALl six component system GPa
parameter value
Ci 18.1
Gy 18.2
Gy, 8.4
Cyy 3.9
Css 4.3
Ceo 3.9
G, 9.2
Cs 9.2
Gy 8.4
tensile modulus E 1.7
Poisson’s ratio v 0.3
bulk modulus K 11.9
shear modulus G 4.4
C—Cyy 5.3
K/ G 2.7

Note: Cjis elastic coefficient, C;,—Cy, is Cauchy's stress tensor.

temperture/K  volume/A? B /K™ o) /K™

195 48468.5 1.65x107* 5.50x107°
245 48832.1 1.63x107* 5.43x107°
295 49143.3 1.62x107* 5.40x107°
345 49657.6 1.61x107* 5.36x107°
395 50045.6 1.59x107* 5.30x107°

Note: 1) coefficient of cubical expansion; 2) coefficient of linear expansion.
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Molecular Dynamics Study on Sensitivity Criterion, Thermal Expansion and Mechanical Properties of
Multi-component High Energy Systems

ZHU Wei''’ | LIU Dong-mei' , XIAO Ji-jun', ZHAO Xiao-bin®, ZHENG Jian’, ZHAO Feng’, XIAO He-ming'

(1. Molecules and Materials Computation Institute , Nanjing University of Science and Technology, Nanjing 210094, China; 2. College of Biological, Chemical
Sciences and Engineering , Jiaxing University, Jiaxing 314001, China; 3. The 42nd Institute of the Fourth Academy of China Aerospace Science and Technology
Corporation, Xiangyang 441003, China; 4. Institute of Fliud Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Molecular dynamics (MD) simulation was employed to investigate safety performance (sensitivity) , thermal expansion
and mechanical properties of solid propellant. The models of high energy multi-component systems with different sets of proportion
were studied at different temperatures. It is found that the maximum bond lengths (L, ) of both O—N and N—N trigger bonds in
the five-component system with the mass ratio of (PEG/NG/BTTN) : AP : HMX=2.5 : 3.5 : 2.3 are the longest among the four

sets of the systems. Results show that the safety of the system having this proportion is relatively low. The L of each deflagrating

max

component in the six-component system (PEG/NG/BTTN) /AP/HMX/AI increases monotonously with the increasing temperature,
which agrees with the experimental fact that energy materials become more sensitive as the temperature increases. It is suggested

that structure parameter L. can also be used as a theoretical criterion of thermal or impact sensitivity to predict the relative safety

of multi-component complicated systems. Based on the simulation results for the six-component system, thermal expansion coeffi-
cients at different temperatures are calculated and mechanical properties are obtained with the static method.

Key words: physical chemistry; solid propellant; sensitivity; thermal expansion coefficients; mechanical properties; molecular
dynamics simulation
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