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Fig.1 The defect-free models of HMX-based PBX
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Fig.2 The defect-free model (Model-1 ) and dislocation
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a. the twin model of HMX
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Fig.6 Temperature and energy curves versus time

o N—NO, Jk J il N—N e
S DURLTAE I RE (B ) J2 48 5 K B Ry B RE ,
SL?‘]DN:

Ey oy = Sy

A, E R R AR ST, HMX JE PBX BB (9 S RE
kJ-mol™"; E, F /s RS T, PBX LA HMX 1 5
KA ) N R T8 [ 5 0 B EE & L k) -mol Ty n &
78 PBX AR b N—N B B9 8 ie . MR 4 MD B 4075 21 1Y
AE 5 2 B M 8 (1) TS BIA [ 455 80 19 5 | e
AR VE e, W E 7 s .

MK 7 7] IE ), Model-TT .Model-IV fil Model- V
1 51 e B 1 B % U/ F BB 4 Model- T 80/, T R&
W BE 43 % My 3.33.2.46 kJ-mol™ Fl 2.90 kJ-mol™;
Model-VI %) 5| % i () 5 % SR F1F 1 fE 48 Model-TT
W/ BB M 5.72 Kk)-mol™ . 5 K i XUR TR
A I /N B PBX R A 5| & B R 4 N R T RE )
55 , 78 52 B A0 TR TR 4 ) kA W 5k PBX 41
fife L R IE . X R ERMEL NI AL RS & AL B R
SR BRSO 0 1) TH PBX LA (R B |- FF, e 4 1k
REAR, 28 BB S 801 0 1) T PBX B B () B % 7,

CHINESE JOURNAL OF ENERGETIC MATERIALS

LA AR

176

1741

1724

-1
| kJ-mol

WE 1701

1684

[ ]

I it i it v VI
Model

7 TR HMX JE PBX A AR fr i 1% U4 H g
Fig.7 Interaction energy of trigger bond of different HMX-based
PBX models
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Table 1 CED and its components of different HMX-based
PBX models kjecm™
Model CED vdW electrostatic force

I 0.6816 0.2666 0.4061

! 0.7146 0.2894 0.4167

IIr 0.6429 0.2444 0.3900

I\ 0.6565 0.2448 0.4032

\4 0.6521 0.2568 0.3867

A 0.6602 0.2688 0.3829
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Fig.8 Binding energy of different PBX models
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Table 2 Detonation parameters of different HMX-based PBX
-1
mOdelS GR=15[4(511 +522+5?3)_4(512+523+531)+3(544+555+566)]
Model OB/ % p/gcm™ D/m-s"  p/GPa Q/kJ-kg™ (9)
1 -25.31 1.65 8160.13 28.73 5553.46 EEEP,0'%%/7?@7'3,Pa,e%%i?ﬂjﬂx’“,K?%ﬁiﬁiﬂﬁﬁ,
| -25.31 1.63 8087.43 28.02 5553.46 Pa: G r B U R Pas TR R %7 R Ty C(
-25.45 1.60 7974.44 26.94 5551.25 a ARHVIBE Fas P /v Reuss AR

v -25.69  1.62 8040.51  27.59  5547.57 JE1, 2,00 ,6) 7 U R BGE 5 S, 3R 8 2 i R AU
\% -25.40  1.63 8084.97  28.00  5553.82 M, 55T C i ke Bl s = C ™'

VI -25.31 1.62 8051.08 27.66  5553.46
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1 52 e 5 B | e K BRI AL A 0.0041, JL-F- 7] L) 22
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R % B R B 0.01 g-cm™, fi £ (Model-1 ) | =5 {7
(Model-IV) \# 2% (Model-V ) #1725 fi (Model- VI ) k[
U IR U S I I A - 7 | B N
185.69,119.62,75.16 m-s"' fi1 36.35 m-s™", 4 J& />
WM 1.79,1.14,0.73 GPa#10.36 GPa, X # W+
K 25 DAY A B B X5 HMOX RS PB XK 24 f0) 8 18 4
JE 7 A AN I 5 Wi, JHG H (S i a0 5% 552 Wil A RS A5 B, 2R
B 52 e AH X2 55 o A3 T K (4) R (6) Y 25 48 W] LR
B T 24 1) ST R AR A R e Y R R R K 2 h
153 F A AR Ak o FR T 28 AR B AR 1Y) A3 2 S
(1.0 1) HMX 3 PBX # HU AH Fb oA & A= kA8, ot
UOT i R AT R R A AR, Al A LA 2 =R
BRFE 800 0 1)1 HMX 5E PBX B #4 T 11 40 F- 1 ,
P AT R PR A AR 7 L5 ) 1 i R AR A R AR
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A e 56 i 52 2 S B PBX 1) 5% 447 T R
3.5 NFiEEE

MS A fig % % 28 158 43 3h 1 2 i e 0 1A R
A7 /INAR T 0 28 52 50, I3 2ok 3 B T B A A R B
ARAF M R A, AR T SO T Al i /N e
AL S PE R B ST 38 08 B AR g R AR 3R AR AR
B (K MBI (G) . HEARW TR .
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NESHRZ B AAMHERR, CRAMAL(10)
i -
E=2G(1 +vy)=3K(1 - 2y) (10)
Kb, ERR P &, Pasy ZIAM .

A 20 (10) 0] DL 545 B hr o i (E) DL 223

M EE(y) o
=976K (11)
3K+ G
_ﬁ (12)
7T 26K+ G)

FEHE LR SRR HMX 3t PBX“ 58 26 "R % 1
it A B o AR f) S 2R PR RE S8, S5 R 3R 3 R
M 3E LA, B Fa AR B A fr A A R (E) AR
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Table 3
different HMX-based PBX models

Model 1 I 1 v A% M

Elasticity coefficient and mechanical parameters of

C, 12111 11.653  9.631  11.147  10.941  10.941
C,, 12.095 11.319  4.941 10930 10.807  11.393
C,, 11.881 10.706  5.892  11.237  11.027  11.803
Cu 2.568  3.099 2372 2353 2215 2.391
Cys 2.765  3.073 2378 2.895  2.653  2.941
Ces 2.673  2.587  2.391 2.404  2.411 2.864
C, 5.959  5.616  4.941 5266 5720  5.633
C, 6.476  6.111 5892 5940 5859  5.764
C,, 5.408 5.822 5778  5.443 5390  5.723
Cis 0.153 -0.628  0.345  0.062 -0.038  0.066
Cys -0.286  0.231 -0.029 -0.116  0.172  —0.200
Cys 0.077 0.588 0.836 —0.289 -0.038 —-0.208
Cue -0.352  0.237  0.087 -0.113 -0.082  —0.055
E 7.490  7.428 5718  6.892  6.540  7.383
¥ 0.343  0.338  0.359  0.351 0.353  0.338
K 7.965  7.633  6.777  7.704  7.409  7.591
G 2.788 2776 2103  2.551 2417 2.759

K/G 2.857 2749 3223 3.020  3.065  2.751
C,-C,y 3391 2751 2569 2912 3505  3.242

Note: The unitfor E, K, G and Cu(i,j=1 L2 e ,6) is GPa.
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Theoretical Calculation of the Effect of Crystal Defects on Properties of HMX-based PBX

MIAO Shuang', WANG Tao', WANG Yu-ling', HANG Gui-yun', Ql Chun-bao', LU Chang-bing®
(1. School of Nuclear Engineering, Rocket Force University of Engineering, Xi' an 710025, China; 2. Military Representative Office in China Institute of
Engineering Physics of Air Force, Mianyang 621999, China)

Abstract: To investigate the effect of crystal defects on properties of HMX-based polymer bonded explosive (PBX) , two de-
fect-free models and four defective models were established. Using molecular dynamics (MD) method, different models were
simulated and the sensitivity, binding energy, detonation performance and mechanical properties of different models were calcu-
lated and compared. Results show that the crystal defects cause the interaction energy of trigger bond and cohesive energy densi-
ty to decrease by 2.46=5.72 kJ-mol™" and 0.0251-0.0544 kJ-cm™, respectively, indicating that the sensitivity of defective mod-
els is increased and safety is decreased. The binding energy of defective models is decreased by 106.89-231.65 kJ-mol™, mean-
ing that their stability is deteriorated. The density, detonation velocity and detonation pressure of defective models are decreased
by 0.01-0.05 g-cm™, 36.35-185.69 m-s™' and 0.36—1.79 GPa, respectively. However, the variation of oxygen balance and det-
onation heat can be negligible. The variation of detonation parameter indicates that the damage power of defective models is
weakened. Tensile modulus, bulk modulus, shear modulus of defective models are decreased by 0.062-1.772, 0.261-1.188
GPa and 0.012-0.685 GPa, respectively. The ratio of bulk modulus to shear modulus is increased by 0.002-0.366. The Cauchy
pressure of dislocation and vacancy defective models is decreased by 0.822 GPa and 0.479 GPa, while it is increased by 0.114
GPa and 0.491 GPa in doping and twin defective models respectively, indicating that the deformation resistance of the defective
models is decreased and the flexibility is enhanced.

Key words: polymer bonded explosive (PBX) ;crystal defect;sensitivity ; detonation performance; mechanical properties; molecu-
lar dynamics
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