HE T BEALAN AN 6 5E 1R 20 B0 B9 PBX A 1 T 5240 i 333

XEYHS: 1006-9941(2017)04-0333-09
E TREHFA AT E 5 B/ PBX M7 4 5 47
RRE S, BAT, BEW, AEES, AW

(1. MR MEMRAFRFES S HFW, TH @ 2100165 2. PEIRZMEA LR SETERLN, T 4 MH 621999)

OE RS R Gk I R R YORS S 0 25 (PBX) M T RUST B RHJR 1 | BT 32 38 Ay 45 2 i AN i 1, il o 40 28 il R vk
HEAT T A0 R PEAL B8 2347, L 20 2 BEAL A KIS 8 e ME RS2 IR o 78 it B i T B 5 28 IR BT 500 0% e A3 465 4 S0 Wi ]
VA AN Ay 2 T A 24 1 B T RE DX, 5 % 0 A R P 4 R RE RS T TR DA R 2 AR R T TR Y T RE P A T SRR AT T AR . SRR,

B SN 5 M A AR DA L A% e S A AR T AR I A JRURS: T AR v 4 A T R OB T R A R O ki A
4T A B2, 7 DR A G A R T S I AT AR 0 9 B A RO 8 E M A A8 RSB T LSS T RE

K : = RN MR & AR B E M, 7T AL
HESZES: T)55; TBI MEIRERG: A

DOI: 10.11943/j.1issn.1006-9941.2017.04.011

1 5]

il

1= B W) ks 45 4 25 ( Polymer Bonder Explosive,
PBX) & — 2t /5 BEXE 24 fi A 3 3R W il 422 51 A0 o2 Je 5
LTS H IR A KEZS . 5 TNT KEZ54H 1L, PBX
HATRE it RG0S5 U0 A, BT DL AE 5 A DG 4
bR HE R

1 PBX %8 i 5 i) 14 1 24 40 A7 15 B AL A 0 PR
KAHENE . —I7m, h T2 o TR R P&
WSURE A S B A A A% 0 1 5% T, B 245 4 2% Ul A7 78 AR ]
A D) AN E R PR A BE AL (B A ) A E . 5
— 7 T, FEXS HAEAT @A TS T AR B R R
B TAEREL B e M AR AT 5] A — € W i DL
TRfLAb 3, 508 T NN & OO I A AR R 7 45 i [
A S S HOAN e E R A T o X S T AL B
YA A T 3 A AT S R B R R A A AT 5K
F R g6 BT I 5835 55 ) B AP TE, 101 A s b, o
HARZ RN P X PR o i T
A BT AN TR] K 0 245 42 i) 7 ) 5 e A (] o X P
For B Mk Al AR T AR AT OGO e B i A BE BIL AT A
UK 2 P, WA AR T e 17 1 B8 AN P L, 3

Wi BEH: 2016-10-24; {EE A H: 2016-11-25

E£TB: FERAREFIEE I (11472256) , v [E T8 ) 38 0F 5% B
e K 3 435 H (YZ2015011)

EE B A LIRS (1987-) 55 BRI OT b, 2 N ANH s P i Ak R
AE S5AIA, L R G5 M ) 2 5E5 M B9 F5E . e-mail ;. zpshen@ sohu. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

ALY Wb 7 A R R 7 HAT Rt s ] LA B 22 R L
s (], 48 AL T In]

TER) PBX A4 P4 R 47 5k B2 W 5 B2 73 At I, 4% 58 1)
S METT A — O E PE A BR TR S R R L 2 R
B, AR 9 R IO R AR 0T (IR AY ) ] e P O3 A &5
ST AR v e TR R Rl B 2 e TR A
FH B BEE B 325 0 TR TG SR 1 & 8, & 28 X LA
ETREEITHER. 20 42 50 4F17, 3 T RS fE
PRGETE I 0 AR A8 AT SR T T Ih R O T Gk
o, IF W 1Y A2 A R B 22 At R 46
S, A ORIz B R A 5 R A A R T A
PET7 v, T i B 0 R B AL S 6, 0T 32 2o 3R
RN UR AN A (DN BN S X o N DA ER
B SR S5 2 H IV 7 -5 EE T B AR R 45 6 A 1 T S
JEB R . M L T A% G o o 1k 7 ik, AR T S
J5¥E 25 I8 T S5 R I A AN Ve, o TR TR SR AL
A S o AR I B T AN ST ), S 8O E
ME LAV B 2 A I, Bl AU By RS 1 A AN BRI, A
VAT S R X 45 SR 52 M R, N BB by 2 W G I AR R
J5 kg B AT S L SRR R — Ak JR R
AEPRIE S HLSC TS B I 5 45200, 2001 4F, 38 [ RE I
SRS E R T M 5 R E PE 5 4L (Quantifica-
tion of Margins and Uncertainties, QMU) "), 8%
T T RAE R AL R PLBR = 15 B0 1 45 4 ] &
PEAR )80, JH G B SEARL B AE T S 8 2 1k 1 ™ A% Ak
HAT, L Helton %59 1% 3R 1935 £ 24 % 70 5 F 22 i i

4 fe A A 2017 % #25% #H4# (333-341)



334

TR, S, BREERET, XIER, M

IE GRS UL A H L R S R R
s P A 7 3, B TR M 0 AT S AR 07k L
BT RBE R AR QMU ROEE . [ 2 R %
2450100 S TR R 2 A0 A K B R T 6 4
BRI, 5 1377 48 0 T B 5 T AR W 5 R
TSP 40 BT 0 5 U, 3 35 98 T 95 25 R B 5 T 1 4 B
S 3 (15 A6 B 7 S0 B M0 R W i T T B
s AELJE VA VAN M it A B0 B 52 P RO AL 2R
2 PE % 1 = A L ELAAT 0 B 5 7 A
BUFT T BB S B 2 50 B

T U A5 S R HE PBX o, 5 P 20 S 1
A A7 R AL LR 2 24
SR E P B AL B ALK 25 0
W 70 R T 2, O LB T o) A B
SR, IR = 5 R I, D4 A7 0 25 0 S
FE o e o S B 7 A ) it
S BB AR HR T A b, B4 T X D B
U Y AT AR S DR D S R A 0

2 ARTREET

2.1 MEHBHEH

UL PBX A {4 AL B o4 5 A W0 7K P oF- T L, 14t
PN FR) A2 % A BIR Sl 24 50, TOUHS 32 1) 88 F 1) T iy 4 op
PER An &L T Bz LA ROSE b R 4 DL BT 32 4%
i SRR SR 44 AN 1 s

PBX K24 Jm T 5 A X Fobf ek, JHG o 8 of DU A AR
2 AW IE 0 R 7R WA AN R 1k o 5 1) 588 JSE e A T
SR FH 67 B F) i R IV 5 B2 o US4 e 245 7F 14 1 0 T
P RN S ORAIE S5 A4 P 1R R R D RE B SE ZEOR KR 25 1 1
i B A 0.0406 mm [H I, IF 5 o8 24 1 1) 5
INCIVE-S5E - N VAN TPAR ilE - NCY L VA2 28

ANSYS
i

a. max mesh size: h;=3.35 mm

B2 FEZER 1 /4 A BR T B o

Fig.2 Quarter finite element model of the explosive
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Fig.1 Sketch of arched polymer bonder explosive
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Table 1 Nominal values of the model parameters
D, D, elastic Possion’s density F
parameter /mm / modulus ratio Vo - em= /N
mm.o MM Gpa 8
nominal -y, ;380 762 7 0.365  1.89 700
value
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Fig.3 Response cloud diagram of explosive with the parameters valued in their nominal values
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b. crushing stress

c. vertical displacement
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Table 2 Determination of the safety factor and the order of

accuracy'""
| Cp-po) /pil Fs p
<0.1 1.25 ps
>0. 1 3.0 min( max(0.5,p) ,1)
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Table 3 Numerical uncertainty estimation of the response

when the mesh size valued in h,/8

formal observed relative
response of interest order of  order of numerical

accuracy  accuracy uncertainty /%
maximum tensile stress 1 0.0463 14.1
maximum crushing stress 1 0.5194 12.5
maximumvertical displacement 2 1.9711 0.03
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Fig.4 Numerical solution of responses of interest based on the FE model with different mesh sizes
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Fig.5 Sensitivity analysis of the response of interest
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Fig.7 Response uncertainty caused by model input uncertainty represented with p-box
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Fig. 10 Total uncertainty of the maximum tensile stress, crushing stress and vertical displacement of the explosive
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Reliability Analysis of Polymer Bonder Explosive Based on Separation between Aleatory Uncertainty and

Epistemic Uncertainty

SHEN Zhan-peng, ZANG Chao-ping, CHEN Xue-qgian, LIU Xin-en, HAO Zhi-ming
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China; 2. Institute of Systems Engineering, CAEP, Mianyang 621999, China)

Abstract: The uncertainties of model parameters, structural geometry, material property, and external force of the polymer bonder
explosive, were quantified with probability box and propagated with nested sampling method in order to separate the different
effect of aleatory uncertainty and epistemic uncertainty on response of interest. Moreover, numerical error and model form error
were also quantitatively superposed to acquire the response uncertainty and the reliability interval of the polymer bonder explosive
(PBX) structure consequently. In addition, the results of proposed method in this paper were compared with the determinate
checking method and the probabilistic reliability method. It is indicated that the reliability assessment with the consideration of un-
certainty can reduce the engineering risk than the determinate method. Furthermore, the reliability interval obtained by the pro-
posed method covers the reliability calculated by probabilistic method, and can narrow down to the true reliability as the epistemic
uncertainty decreases.
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