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Table 1
ples (mass fraction)

Formulations of casting PBX substitute material sam -

anhydrous sodium

sample binder system / % Al %

P Y sulfate / %
1" 20 0 80
2* 16 20 64

DRI 58 A A 24 A A Ll X 2k 24 B0 TR 4 8 6 245 2R
A AR R BB A s ORI 5T Hi R GJB770B-2005
B o0 R 41501 35 BOR R RS R RO 22k
TR BRI N 16 mm, W5 iE % 2
B O HEAT R B i 2 s A IR LR IR RN T
16 mm, 4% B Q@ i 47 3B B A B 2 o A, lwa-
moto 5 THE I AR SRR IR 4R R K AR e —
FRERT A 1 ~2, T g 0 AR SR 2 i 3 58 R 1 K AR H T
PEH 0.5~1.0. &% b, 3% & A58 4 1l 5 25 1 iy R
SEAH @11 mmXx11 mm,

T2 OURTE PBX AU RE Y R

Table 2 Dimensions of casting PBX substitute material sam-
p|es[20]

D/ mm H,/ mm
sample

basic size limit deviation  basic size  limit deviation
@® 16 +0.1 20 +0.1
@ D — H,=D +0.1

Note: D refers to the original sample diameter which is less than 16 mm. H,

is the height of sample.

Fe BESCHR[ 22 109 28 7 1k IR B I M 25 3R B i
A @11 mmx11 mm B985 p Jf e AR B E N
60 °CHY 25 TH A h Ak, 2= B2 2 )5, BRI &
B2y R S BB 1 B R . RIE AT HEFR S
JE 455, DA 1 45 01 7 24 MR .
1.3 HEEBSEHARK

FE GRS 72 /NP T L AT B KRR 1 250 N
MR K R @50 mm (14 AT 83k, DL /N 2 1k 3%
T T 19 B 2 S 0T S 2 A Y R 2 L R s B R
&l 2 fr s o

T 0 25 T A0 T 0 B R R 4 B AR RN s A
ANPL AL b D 43 510 0.03,0.3,3 mmesT,
2 F AT 2 R 4 o B b i R AR R 43 5 0.002727,
At
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Fig. 1 Photographs of the casting PBX substitute material
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Fig. 2 Schematic diagram of quasi-static compression test

with small tension machine
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a. sample 1% before test
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sample 17 after test

c. sample 2* before test

sample 2" after test
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e. cross-section diagram
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Fig. 3

quasi-static compression

Images of samples 1" and 2" before and after
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Fig.4 Real stress-strain curves of samples 1% and 2* at differ-

ent strain rates
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Table 3 Compression behavior parameters of casting PBX substitute material samples at different strain rates

sample strain rate /s™'  compression modulus / MPa yield strength / MPa ~ compressive strength / MPa  effective compressive strain
0.002727 2.08 0.30 0.32 0.72
1 0.02727 2.82 0.42 0.46 0.71
0.2727 3.76 0.57 0.65 0.71
0.002727 2.70 0.78 0.85 0.76
2# 0.02727 3.32 0.91 1.03 0.75
0.2727 3.80 1.18 — —

PR AL A% A 6T T TG K i R A ke 8 /0N, AT DU FE 7R e K
T 192 M A R %) 22 B v, b 1 AURL [ 0 RG 45 50)
i, TG 5 T PBX R AUM Bh i A 0 458 i S B Uik
55 1 H B A
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Ry TR 4 M 5E PBX AR A RE IR RE 7E A [F] e 4 4%
P BYAT SRR, S50 A S [R) A8 2 R 46 A7
S BORRE 17 27 TR AT 2 B R ER B AR R
XEEUE AR 26, & 6 BT 7R, & IR TE I A8 ROk A
T H S B X B 5 0 AR 2 X R S R A 2

0.6f
04 I /
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0.2} e yield strength
o 4 compressive strength
= 0.0} — fitting
02}
041
06 f . . . "
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a. sample 1*
0.6f
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e yield strength
Wy fitting
2 02f
| /
V=0 5 d0 45
lge

b. sample 2*
Bl 6 URE 1" 2" TRARAT S M0 o i i oz 7% 5 x K Ay 72 A
Fig.6 Changing curves of the logarithms of compression be-

havior parameters with the logarithm of strain rates for sam-

ples 1* and 2*
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Table 4

pressive behavior parameters and the logarithm of strain rate

Fitting relationship between the logarithms of com-

for samples 1* and 2*

- . coefficient of
sample parameter fitting function

determination

compression modulus 1gE=0.13 X Igé +0.64 0.995
1* yield strength IgE=0.14%1gé = 0.17 0.998

compressive strength  1gf=0.16 X 1gé = 0.10 0.997

. compression modulus 1gE=0.074 X Igé +0.63 0.986
2

yield strength IgE=0.090 X Ige +0.11 0.979
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Table. 5 Experimental, predicted values and their errors of compression behavior parameters for samples 1" and 2" at 0.1 s™

compression modulus yield strength

compressive strength

sample experimental predicted error experimental predicted error experimental predicted error
value / MPa value / MPa value / MPa value / MPa value / MPa value / MPa
1* 3.16 3.24 2.53%  0.48 0.49 2.08%  0.59 0.55 6.78%
2* 3.72 3.60 3.22%  1.10 1.05 4.55%  — — —
o 2 RS O | D2 W S N | 7 DA A R A a1 2 A
/N RGN E R0 RS AR E e, AL
E . 3(3) i i B 1 7 T 0 — 4% 2 -2 o e 8L 45
gzma,ﬂ HhEy o B, 15 BN AR R AR BRI Y R gk, (HAE
" i FEL MG o o 5 A M B R 0 2 O B b U
PI 2R MR BI AT, 3t 3 i 17 25 A S8 1 i Sz e, 1l
(o3

B 7 ZWTAM R
Fig.7 ZWT constitutive model
A mEmAR(2):
o(t)= Ee(t) +as(t) +Be(t) +

Etfré(t)ebildr + E{[té(t)ebiidr (2)
KX, o NRLT) ,MPase RS, Joi 45 Ey v BAEL
PESRPE R H, MPas BV E, AR N AR 38 0 AR AR L L
B, MPa; 6, .0, IR0 A8 46 5 hi A8 SERA St I B] s 5 &
RS s7 I TE] s

ZWT A B0 AU 28 505 8 3 2o off 28 52 50 70 2 28
SIS AL A B AR B AT AT O 0 R DR T PBX AU K
PR MER S R 48 2510 T J1 2247 a3 ok 5 2 g
Horp—> Maxwell 4, AT 45 B A Iy B an A (3)

o =Ee+as’+Be + E16]é{1 - exp( - 8; )} (3)
1

3.2 SHWE
TE X S50 A i, H AT R £k AR 22 5Ok it
A7, BIVE 20 18 B 45 A (] 7 A8 28 1) o i 25 R g -7 748 il

®6 ZWTHRRLIG S
Table 6 Optimal fitting parameters of ZWT model

LI A T 5 3RS A8 A R A5 78 e L X JHL 8 I AR SR A
A MR UEAT T o BEAh , 7E X S EPL A, T AR R
BERSNHSE, —BEE T EES B IIE Rk
oy, J 56 foe PR AR AR O T 3 A% TR A Ol — 4 SR B AL
AT | BB DLl 1T 5 MoK A e 2 e, HLA [ 1
AT R AT A BE 0 B AR BF 5 POk AR
TR AR ST AR LA G E, 0, E, o BIH
F A AL A v O R A T Rl R A R R i AT o
TG0, T DA AR P A D T B T A R IR AT Y T 45
10, S BEHE TR 52536 vf PBX B2 A0 B1 BHZ FE BUE 25 K A
RTEIECEQINE:/ e 8

XFF AU 50 g5 B 7R R 17 27 B AR 4 ) Ry
15% . 28% 3t [l N (B BE R e A= i 0 ), 8 2 326 B ofe
AN AEF N 0.002727 71 R g -Ry AR 1 28 8 Ori-
gin AT H AT 2 R SR ILA  10E & S 8U0REE
FEl , Fifl Jo 38 2 Matlab 3£ fiff 35t 1% 53030 0 A 4 5 i it
TRA B ERMESEBEIC AR 6, IEIER 4 sl g
EMELAERXT LR (i 8 i) . H K 8 1] LLF
TR 172078 S [v) o 5 25 0 A8 R A TR AN 4 A5 78 1) 4
BB, 456 6 LGSR v e R B R AT UL T

sample strain rate / s™' E,/ MPa a / MPa B/ MPa E, / MPa 6,/ MPa R’
0.002727 0.9967

1" 0.02727 1.7035 6.0469 —49.2531 1.8000 2.5993 0.9871
0.2727 0.9873
0.002727 0.9998

2" 0.02727 1.0367 13.1242 —28.9888 1.1343 9.1263 0.9992
0.2727 0.9974

Note: £ ,a,B are non-linear elastic constants. E is the elastic moduli for low strain rate. 0, is the relaxation times for low strain rate. R is coefficient of determination.
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Fig.8 Comparison of experimental and fitted stress-strain da-

ta for samples 1" and 2*
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Table 7 Coefficients of determination between experimental
and simulated stress-strain values at different strain rates for

samples 1" and 2*

R2
strain rate / s~

sample 1* sample 2*
0.002727 0.9964 0.9988
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Quasi-static Compression Mechanical Behavior and Constitutive Model Calibration of Casting PBX Substitute
Materials

LI Si-han', WANG Ke-jian', NIU Yu-lei*, HUANG Han-zhe', MA Zi-yu'
(1. College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2. Xi'an Modern Chemistry
Research Institute, Xi'an 710065, China)

Abstract: In order to study the quasi-static compression behavior of polymer bonded explosive (PBX), the uniaxial quasi-static
compression tests were carried out on two typical PBX substitute materials (with and without aluminum powder) at different
strain rates, and their mechanical properties were compared and analyzed. Based on the Zu-Wang-Tang (ZWT) model, a new
model was proposed to describe the quasi-static compression behavior of materials. The constitutive model parameters were ob-
tained by genetic algorithm, and the model was developed by using Fortran language in the User Material (UMAT) subroutine
interface of Abaqus finite element analysis software. Results show that the quasi-static compression process of casting PBX substi-
tute materials can be divided into three stages: elastic compression, stress decay and instability failure. The mechanical behavior
of quasi-static compression is obviously correlated with the strain rate. With the increase of the strain rate, the effective compres-
sive strain of the material is basically unchanged, while the logarithms of compression modulus, yield strength and compressive
strength are linearly related to the logarithm of strain rate. The addition of aluminum powder can improve the compression modu-
lus, yield strength and compression strength of casting PBX substitute materials. The newly constructed constitutive model can
better describe the quasi-static compression behavior of casted PBX substitute materials, and its universality is validated by the fi-
nite element analysis software. The coefficients of determination (R*) between the simulated and experimental results are higher
than 0.98, indicating a high level of consistency.

Key words: casting polymer bonded explosive (PBX) substitute materials; quasi-static compression; constitutive model; UMAT
CLC number: TJ55 Document code: A DOI: 10.11943/CJEM2023209

(SEhi: P F40)

CHINESE JOURNAL OF ENERGETIC MATERIALS 2 A

o
Il

A 2024 % H 324 H 4 (397-407)



