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Fig.1 Schematic illustration of a SHPB setup
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Fig.2 Strain-time signals from SHPB experiments
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Table 1 Mechanical properties of cast PBX at different strain
rates
strain rate/s™’ E/MPa o, /MPa &m
1.00x107* 106.3 3.207 0.1050
4.17x107* 126.9 3.712 0.1113
1.00x1072 170.6 5.194 0.1319
At A A www. energetic-materials. org. cn
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Fig.3 Stress-strain curves at strain rates of 1.0x10™~1.0x107 s™'
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Fig.4 Mechanical properties of the PBX at strain rates of 1.0x107*~1.0x107 s
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Fig.5 Stress-strain curves from SHPB experiments
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Fig.6 Relationship of failure strain and strain rate for the PBX
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Fig.7 Cast PBX samples recovered at different impact velocities
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compressive strength/MPa

failure strain

strain rate/s™’

experimental model error/% experimental model error/%
1.00x107* 3.207 3.241 1.067 0.1050 0.1048 -0.1950
4.17x107* 3.712 3.809 2.610 0.1113 0.1109 -0.3061
1.00x1072 5.194 5.265 1.375 0.1319 0.1276 -3.255

4.2 HEFHRE

r e R AR B D PBX HA 5 RS &0
TR AT o F AT, AR AE TR o N AR AR S
JBURASTE K 5 55 7 22 DR 52 A, 22 JORE X R TE
PBX A% F 52 7 F) fF 7 3 M 3L % 2, DA T i LA o A
TR I ) 3247 o B2 BETE PBX 1R R TE
AT BREBDRS BE & H Al I 4 — > 2R T LA

Chinese Journal of Energetic Materials, Vol.22, No.2, 2014 (215-220)

S5 R B AR X 5 T W 5 R . Bo Song
AR T AR B 32 BBl ot S 4 1 A A
TR Yy A 0 3 2 8, 0 o) B AR AR A R Y A 4R
PR AT FURS S0 1 S0 s I A A 3k o A5 A
PET el , 51 TR T, X HLFRATT R
AL FEI0 3%, F5 Neo-Hookean i #5510 LK,
SRR A, 7 RS AN AR AR R A B AR Y
& ettt

www. energetic-materials. org. cn



VL RDX Jy 19530 PBX Jy A e 5 A M 1Y

219

IR B REAY

o=Cro(A=1/2%) +E, 0, &(1—exp(—2-)) (5)
0, &

Co=a+BIn(e/e,) (6)

(5) X5 — I LR PEvE PBX fE b i 45 N AR £k
PERAEIEAT N K ZR A =1 +e; 55 00478 K 94T
HNo & o AN T R, B O PR R 0,
RS st A], o B 2N M BHIE SR AT Sy B AR AR ON
Hrh o E .a.B B MPa, g, Sfi us, B2 % i 28 R
£,=843 s, Jl Origin B 40& BIR b iy S50, 1 58
FIRAZHE N LR T BRI G58 o F .0, , 85
Fi— R R G SR B, HEM N a=
34.242 MPa, B=-43.795 MPa, E =1518.6 MPa,
0, =3.5866 us,

K5 45t 1 Bl ool i 46 R A R A Y 4 05 1S
Ol o TEATZ SR RL 23 HOME A 92 B0 B AR IR 22 R LT
FATBOZZETE PBX 1 R4 58 B O 12 MPa, i K 28 i
R TS5 A5 2 f e 500 A 55 S B 0 {22 1) A% EE
72 3, nl WA Y B3 X4 1 D I AT B A5 4 b A 3 A e
AIA KD AT oA, I AN A7 AR LA R R A 40065 K5 2 i 48 1)
PEAT T AR G 00, B A BT 58 42 th A 45 58 3%
RSB T /B A IE B, Ui (5) XM TR
TE PBX 75 foi B A2 8N 1 2 Wi 137 Ak B AT v O RS L

R3 DB BALR G HHA I
Table 3

namic model

Comparison of failure strain on experiment and dy-

. failure strain

strain rate/s”

experimental  model error/%
840 0.0777 0.08445 8.028
1160 0.1026 0.1097 6.436
1330 0.1243 0.1343 7.444
1490 0.1577 0.1435 -9.933

5 & ®B

(1) TETE PBX 1 Sy A )i B A7 W Sk 119 1oz 28 R34
IO, R S T 4T Sk A | T A R i SR
R X 0 B, A 3R 2 R A S R AR

(2) ShZS T SR Rk 10 A2 2 0N Aol 53 , Bl i A2
PHIE 5 e 5 00 A2 i 7 /A8 25 39 R T 3% O T 1 4 i 2
FEARIF AL 3K 3 W LG DR HE WU T 8 ey B2 77 42 7

(3) B0 e i 25 R0 8l 285 52 0 K 3 ) sz 1 A

CHINESE JOURNAL OF ENERGETIC MATERIALS

MERA MR, 5L AR ) B REAE R RN T
R TETE PBX 75 25 M sl A5 R 47 T B 2 DR i

MR

5% 3Tk :

[1] Gordana A, Vesna R, Zoran B. Influence of content and disper-
sion of octogene and oxidizer on the mechanical properties of
cast aluminized PBX [ )]. Scientific Technical Review, 2008 ,7
(2):51-59.

Blumenthal W R, Thompson D G, Cady C M, et al. Compres-
sive properties of PBXN-110 and its HTPB-based binder as a

function of temperature and strain rate[ C] // Proceedings of the

—
N
[

12th International Detonation Symposium. Washington, DC:
Office of Naval Research, 2002 530-549.
[3] Ozgen U C. Mechanical behavior PBXW-128 and PBXN-110
under uniaxial and multiaxial compression at different strain rates
and temperatures|[ ) ].
ronmental Sciences, 2004 :28, 55-65.
Michel Q, Patrick R, Philippe C. Constitutive models for PBX at
high strain rate [ C] // AIP Conference Proceedings. Snowbird,
Utah: American Institute of Physics, 2000:687-689.
TKFE, APEL, PR, SF. RIS PBX MR B A ) M ne i
5:0)]. kL&, 2010(6): 30-33. ZHANG Zi-min, ZHONG
Kai, XU Bi-ying, et al. Study on dynamic mechanic perform-

Turkish Journal of Engineering and Envi-

[4

[

[5

[

ance of cast PBX explosive[ J]. Initiators & Pyrotechnics, 2010,
6. 30-33.
[6] HoHE, FE¥E L. —Fh X8 AN GO R B E 2 [ )],
2002, 10(2): 74-77.
HUANG Hui, DONG Hai-shan. Studies on new explosives in-
sensitive to impact[ ) ]. Chinese Journal of Energtic Materials
(Hanneng Cailiao) , 2002, 10(2) . 74-77.
[7] Nie X, Song B, Ge Y, etal. Dynamic tensile testing of soft mate-
rials[)]. Experimental Mechanics, 2009 ,49 . 451 -458.
#HigI, AZFF. ERRAEL AW EIM]. deat: Bl AR
¥, 1989.
[9] RER. LA GREM B AW CRZR[D]. Kb R RFHARK
2EWFE A bR ,2003.
WU Hui-min. Researches on the constitutive behavior of three

& HEA R

—
o]

kinds of energetic materials[ D]. Changsha: Graduate School of
National University of Defense Technology, 2003.
[10

—

Song B, Chen W N, Ming C. Novel model of unixial strain rate
dependent stress-strain behavior of ethylene-propylene-diene
monomer rubber in compression or tension [ ) ]. Journal of
Applied Polymer Science, 2004, 92(3): 1553-1558.

(1] EEZ, WM, FMZE. A E R E TR 3301 e A
M AT ()] 5L 86 2 ,2007,22(1) :1-6

WANG Bao-zhen, HU Shi-sheng, ZHOU Xiang-rong. Research
of dynamic mechanical behavior and constitutive model of
rubber under different temperatures| ) ]. Journal of Experimental
Mechnics,2007,22(1) : 1-6.

Jung S P, Park T W, Chung W S. Dynamic analysis of rubber-

like material using absolute nodal coordinate formulation based

[12

[

on the non-linear constitutive law [ ) ].
2011,63: 149-157.

Nonlinear Dynamics,

A fe A oH 2014 % %22 % $ 24 (215-220)



220 REWIE, EARA, U, R

Mechanical Properties and Constitutive Models of RDX Based Cast PBX

TANG Ming-feng''*, LAN Lin-gang’, LI Ming’, WEN Mao-ping’
(1. Graduate School, CAEP, Mianyang 621900, China; 2. Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract. Stress-strain curves of a RDX Based cast PBX were obtained using an INSTRON testing machine and an optimized Split
Hopkinson pressure bar(SHPB) at different strain rates(10™* ~107*/s and 843 ~1490"/s). Results show that mechanical proper-
ties of the material including elastic modulus, compressive strength, and strain at-maximum-stress, increase linearly with strain rate
in quasi-static tests. With in small dynamic strain rate range, weak rate dependence is observed in SHPB tests, especially at the in-
itial loading stage. The dynamic failure criterion were controlled by stress, and materials failure occurrs at 12MPa. Based on rate-
dependent phenomenological material models of solid propellants and rubber materials, one-dimension constitutive equations for
quasi-static and dynamic compression are presented, showing a good agreement with experimental data with error less than 10% .
Key words: solid mechanics; cast PBX; mechanical properties; constitutive models
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