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AT A FF AR T RSN W R I B 23 SRS
BBG, K 7d Brs o AkEim ek, iR R i sk
Az B AR B 28 S A R, B o8 e R, U T e
I o TR R SRR P A A R W SRR AR
PR ) 2 B R AR AT 2 AT, I 7R W7 2 O Ak T Bl
2 R G PR R 24551 55 A0V [1] 14 208 R B0

7

3 ETHAUSHMHBG RN TERNL

30 MEFREARTENNELSIIE

PR S 4 1 30 B HE A2 2R B A0 L 45 4, 5 SR 5
o R e R ST Y ST M DG 1 S B AR A
— 5 WY PRI XE o oA T AR 8 WS, T ST A4 40 X E (e
LAY A A X B SR Ol #E AT TR A A 3 AP JURL A
VR R e A HE DRSO EERe ) E AR LW
ALK S5 /N 43 5% 4 2F 390 1) 7 24 M AR 5% i AR /N | &
1 Mori-Tanaka J5 8 gt JE 4 b RHE 1, DL 52 340
AL XoF #fE 33E 500 14 B 52 i 35 5 4 B SE AR B kL b, T
B SCHRL 10 ] H AP JIURL /9 & RSF 51 B H i
Ko B AP R 2 N R TR BLAR Y 3 26 . ROk B &G
¥ e AP ORI A B BR R, 4R R b g2 Gk,
E JIURE I 38 2ok B PO Bk e o 1.3, 480 Ge i F
Y5 AP R 1 B 2y FE N 50.2% 0 TEIZ MR LR
Wi AL T 78 B3 v 7 i HE 500 35 58 K /NI AR BE B 1 AR TR
TEURL . A 4 02 v AT /D i ORE H R i AR

CHINESE JOURNAL OF ENERGETIC MATERIALS

PORS S A NS B S = RS 2 e = R S I N R 8
HUFE AP UK B 5 S PR GE T E X e R 1 TR o AR
Fe M PR BB T Y RS 5 AR 3 56 I 3 17 0 4% IX B R~
A TE L B 3000 wmXx1500 wm, JiF 2 57 $(E T 8 A A
W 8, 38t b & B - T Rl AL A B0k A Y
AP UKL 7E HE 32E 550 00 BE AL 5T, RSF e A 5 5 50
IR 4 % BROE | 55 3E 500 52 B i 4 125 AR TR TE B
A ST BSC(E A TR o A PR AR AT

=1 APEURLY 2 5L

Table 1 AP particle grading parameters
particle slice image finite element
size range information model information
/pm area ratio  quantity area ratio quantity
200-350 0.066 5 0.066 4
100-200 0.37 39 0.37 36
25-100 0.066 45 0.066 46
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a. microscopic filling finite b. propellant bonding inter-

element model face 2D slice
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Fig.8 Comparison of the results from the two-dimensional

digital model and experimental slice
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Table 2 Liner mechanical parameters

i M a;

1 3.659 0.06723
2 0.07665 2.901

3 8.386 0.06708

Note: i represents the order of ogden model. u; and «, are material parame-
ters, which need to be obtained by non-linear least square fitting. Ac-
cording to equation (6), the least square fitting of the uniaxial tensile
test data was carried out, and the fitting accuracy of the hyperelastic
constitutive model with different orders was obtained by taking the
correction determinative coefficient R? as the index. The fitting coeffi-

cients obtained were u,and «,.

R3 RAh¥zi

Table 3 Interface mechanical parameter
o ) bond failure

) initial stiffness )

interface type _, strength  displacement
/ MPa-mm

/ MPa /mm

particle/matrix interface 100 0.5 0.02

weak interface layer

) e 80 0.4 0.015
particle/matrix interface
matrix element interface 80 0.6 0.035
propellant/liner interface 100 0.6 0.02

Ry AL BAL IR A AT, 1B eI Ry e 24 B I A 1)
SR T2 1, e 4 0000 52 3 L 2 2 0 A B4 AT (SRS 2 for
AP JIUREL 1 P b 152 5 Sk DU 5 i T 1T A8 5.0 CPE4. 1 4
HEFNELAR Aoh 2R P2 R =49 0P 1 1 AR A8 FRLIT
CPE3H. FEAE AP UKL/ (4 5L 1 5 FAR W 22 1) Cohen-
sive 57T 28 AW Sy 7Y 7y 5P RS #5 5oT COH2D4,
R Y BT R F N2 4 TR, RS R 2 5 R4
PEAn L 10, 38 o 1E H T S 0 A 55 5 2R S 800
PEAT X LGS o X T 55 B2 R BN 150 wm, iR 0
B 10a s . B 10a P 2r 6, [k w2 354,
JE ) /e 2 B L T 4L (0 5 0 A 38 AL E
3.3 BB TEIERDN

TE SUINER A AL 5 3 K 22 L Sk g AR 11

CHINESE JOURNAL OF ENERGETIC MATERIALS

157

R4 KPS
Table 4 Mesh parameters of each component
mesostructure mesh type nu'mber of

grids
AP particle CPE3 77203
HTPB matrix CPE3H 76846
liner CPE3H 10000
heat insulating layer CPE3H 10000
particle/matrix interface bonding unit COH2D4 11384
matrix interface bonding unit COH2D4 80896

propellant/liner bonding unit COH2D4 400

particle/matrix interface

weak interface layer
particle/matrix interface

weak interface layer

propellant/liner interface

a. microscopic model of bonding interface
of HTPB propellant

b. boundary condition setting
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Fig.10 Computational model and boundary conditions
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Fig.11 Stress nephogram of propellant bonding interface under different strains
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Fig.12 Comparison of experimental and simulated load dis-

placement curves of the adhesive interface under uniaxial ten-

sile conditions
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Fig.13 Calculated configurations of adhesive interfaces under different stress states
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Numerical Simulation of Bonding Interface Damage Evolution of HTPB Propellant Based on Mesoscopic
Parameters

PEl Shu-di, QIANG Hong-fu, WANG Xue-ren, WANG Zhe-jun
(Zhijian Laboratory , Rocket Force University of Engineering s Xi'an 710025, China)

Abstract: In order to study the effect of loading Angle on the failure mechanism of HTPB propellant bonding interface, microCT
was used to scan and reconstruct the bonding interface in-situ during uniaxial tensile process, and the damage evolution process
was characterized. Then, the meso-structural parameters and damage variables were introduced into the cohesive force model,
and the meso-damage evolution process of the adhesive interface under different loading angles was obtained. The results show
that the initial dehumidification of AP particles at the bonding interface mainly starts from the weak interface layer near the inter-
face, and the direction is along the shear component direction of the interface. The fracture pattern of the interface is related to
the shear Angle. The smaller the resultant force and the Angle of the interface, the easier the crack propagation to the propellant/
liner interface, whereas the crack propagation is more likely to occur between AP particles. Finally, compared with the experi-
mental results, the accuracy of the calculated results is verified, and the damage evolution law of the propellant bonding inter-
face structure under different loading angles is revealed.

Key words: solid propellant;bonding interface;multi-angle loading; micro-CT;micromorphology;damage evolution
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