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Fig.1 Dimensional changes and irreversible growth of
PBX-9502 specimens under cyclic heating / cooling between
-43 °C and 113 «C""*
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2.2 PBX-9502 ZAM & 1%
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Fig.2 SEM photograph of PBX**
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Table 1 Grading parameters of voronoi model

area / mm grading / mm number of particles
0.052 5

0.5%0.5 0.026 95
0.011 12

i % 9 BE A5 3] K 25 0k R BUS L S 87% 1Y
PBX-9502 {45 # JLAT AL R, 4n &1 3 o7

B T TATB &t okL B A 5 A 45 ] % 7%, 7€ Voronoi
FEAY e, LR AL ) 1 25 B A ORI 3 SR 3 A9 A
L5 1] o

N XK 2021 4% %294 #1248 (1152-1159)



1154

EZEIUN

B3 Voronoi il
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Fig.4 Interface bilinear constitutive model™"

B 4 b d R A E K IFA R, ms o, S A TG IR
71 ,MPa; OA I YR K,MPa-m™", J& L 4] 4 W
=fHIE OAB W TH AL N T4 6E G,)-m™, Y5 m 2 24
JI AR 0 AR AR OA, 25N AR A I B Uk F)
o, U TG BN 5 Ak 2k, A A2 R S AB, AT
IR 28 AT, HLAS TR &2, o I 3k 31 B a5 Ak s I 3 AR
0, BN AR

EZHEsS B IR o, & T o,,,0,,,0,, =
AN, SRR ] R AN U 1) 1) S5 R0 5K N 7 5 4
TR NIE KT K, Ky, Ky =208, 2 it %
325 1) TG A~ D10 ] (9400 s S T

SRR B AR IR ST o, = 0.759 MPa,
VI Bk J1 o, = o, = 0.97 MPa, BB kL 45
SRS RN 3R 2 TR .

\ 4

®2 FEMESE

Table 2 Material parameters of interface ')

K, Ky K3 T T3 33 G
/MPa-m™ /MPa-m™" /MPa-m™" /MPa /MPa /MPa /)-m™

10° 10° 10° 0.759 0.97 0.97 81
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Table 3 Young's modulus and poisson’s ratio of binder with

temperature!*”

T/°C Young’'s modulus / MPa Poisson’s ratio
=53 856 0.3
=20 855 0.3
-10 853 0.31
0 850 0.31
10 825 0.32
20 800 0.32
30 600 0.33
40 200 0.35
50 80 0.356
60 10 0.36
70 7 0.37
75 5 0.375
120 5 0.375

F4 FER S EOM AL D

Table 4 Plastic parameters and tensile strength of binder*?!

mechanical properties  yield stress / MPa  plastic strain

- 2 0
plastic parameters
3 1.5
T/C tensile strength / MPa
=50 20
tensile strength
0 20
21 10

K5 FAH AN 2 A

Table 5 Thermal expansion coefficient of binder!**

T/°C thermal expansion coeff /107°-°C™!
=10 8.6
0 5.5
20 5.5
40 3.3
60 3.3
65 2.5
75 2.5
80 1
23 HEE

S D LT B 25 0 < 1 I 2 1) A U s A2,
W 23 °C, M\ 23 CHIR, o m# 3] 103 °C, Fg 4
F| =57 °C, 5 J5 FHFr 0 3] 23 °C, LA AE B — A & W i
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Fig.5 Temperature loading history for one cycle

£6 L AR TATB #1245 500>
Table 6 Thermodynamic parameters of binder and TATB"*

material p/kg-m™ A/Wem™K! c/)-kg-K™!

binder 2030 0.15 470

TATB 1940 0.544 1170

Note: p is density, A is thermal conductivity, and c is the heat capacity of
the material.

3 ZRE5AM

gkt # o, PBX-9502 44 (& 3) i R H1 = K]
mE 6. hnzk s )5, PBX-9502 ik {4 (& 3) iy 4t 45 dn
B 7, L & 7a S IR A5 o 5 T XA kAR T &
gE I IF 2, WE 7 [ 7c~7e 43 5 A B IX 38 & R /B
&8 500 5 T I B T R Y 24 A | S 4% B vk ) ) B AT )
.

H & 6 & 7 A] UL, 7R i EE i 2k 0 7 b, PBX-9502
WA A TR SRR 1, 2 R R N ) K T
REBI RE B, 77 A 6 4 R B A D R R/ 45 R0 S T Y
Bho DN R R TATB ShoRL Y 45 17 S5 4 3 LA %
2% 1] SR K TATB ff bz 5 36 45 5 34 ) 2+ M RE
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Fig.6 Stress field at two certain time of PBX-9502
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Fig.7 Cracking and debonding after loading of PBX-9502
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normal gap of debonding at B e.
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b. cracking of binder after loading at A
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tangential slip of debonding at B
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Fig.8 Normal gap and tangential slip of interface(103 °C)
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Fig.9 Normal gap and tangential slip of interface(=57 °C)

a. crack initiation point b.
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Fig.10 Crack initiation and evolution at a certain point at A
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b. tangential slip
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crack evolution process at A c.
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Fig.11 The axial strain at the end of cyclic loading of PBX-9502
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Numerical Simulation Analysis of Irreversible Deformation Mechanism Caused by Thermal Cycling of
PBX-9502

WANG Yi, HUANG Xi-cheng
(Institute of Systems Engineering , CAEP , Mianyang 621999, China)

Abstract: Aiming at the problem of the irreversible deformation mechanism caused by thermal cycling in PBX-9502 (a type of
TATB based polymer bonded explosive) , a three-phase microstructure model and an extended finite element method (XFEM)
are used to establish a calculation model. The model takes into account the anisotropy of the TATB grains, the local differences
in the thermodynamic properties of the bonding agent and its interface. Using the established model, the phenomenon and
mechanism of irreversible deformation caused by thermal cycling of PBX-9502 are numerically analyzed. The results show that
due to the severe anisotropy of TATB grains in PBX-9502 and the differences in the thermodynamic properties of TATB grains and
binders, PBX-9502 specimens have internal deformation and stress concentration during thermal cycling. Resulting in the de-
struction of the bonding agent and the debonding of the interface and other internal damage to the material, which in turn led to
the irreversible deformation of the PBX-9502 specimen under thermal cycling. At the end of the calculation, the axial strain of
the PBX-9502 specimen reached 0.2%.

Key words: polymer bonded explosive(PBX) ;microstructure model;thermal cycling;irreversible deformation
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