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Fig.1 Binocular stereo vision measurement system
1—propellant specimen, 2—multi-angle fixture, 3—worksta-

tion, 4—binocular camera, 5—light source
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Fig.3 Rectangular bonded specimens of solid propellant
1—propellant, 2—liner, 3—heat insulating layer, 4— steel

plate, 5—artificial debonding layer
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Fig.5 Stereo matching results of binocular cameras
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Fig.7 Macroscopic crack evolution at different tensile angles
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Fig.8 Cloud diagram of the strain field in the critical state of the specimen
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Fig. 9 Mesoscopic model and meshing of solid propellant
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Table 1

lant specimen

Grid parameters of each structure of solid propel-

) ) number
mesoscopic structure unit type of Units
steel plate CPE3 2000
heat insulating layer CPE3 800
liner CPE3 406
matrix CPE3 11414
AP particles CPE3 7692
AP particle/matrix interface bonding unit  COH2D4 5612
matrix/liner bonding unit COH2D4 206

matrix interface bonding unit COH2D4 14163
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Table 2 Material parameters of solid propellant specimen

materials elastic modulus / MPa poisson’s ratio
propellant matrix 1.2 0.495

AP particles 32447 0.143

liner 11.08 0.49

heat insulating layer 15.3 0.49

steel plate 2.1x10° 0.33

RT3 PRI B S R SR

Table 3 Cohesion parameters at the interface of solid propel-

lant specimens

initial bond failure
interface stiffness strength  displacement
/MPa-mm™ /MPa / mm
AP particle/matrix 100 0.5 0.02
matrix/liner 100 0.6 0.02
matrix element interface 80 0.6 0.035
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(left: DIC results, right: simulated results)
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Fig.10 The displacement field of DIC calculation and numerical simulation in the critical state
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Fig.11 Evolution of damage to solid propellant under different tensile angles
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Multi-Angle Tensile Testing and Numerical Simulation of HTPB Propellant Bonded Specimens

ZHANG Xue-shen', SHEN Xiao-yin*, ZHOU Hui’, WANG Xue-ren’, DING Li'*, ZHANG Dong-sheng'*

(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China: 2. Shanghai Institute of Space Propulsion Technology ,
Shanghai 201108, China; 3. Zhijian Laboratory, Rocket Force University of Engineering, Xi'an 710025, China; 4. Shanghai Institute of Aircrafi
Mechanics and Control, Shanghai 200092, China.)

Abstract: Improving the structural integrity of charge is of great significance for ensuring the working stability of solid rocket mo-
tor (SRM). Multi-angle tensile loading tests were carried out on the HTPB propellant bonded specimens. During the tensile pro-
cess, binocular cameras combined with three-dimensional digital image correlation (DIC) methods were used to analyze the de-
formation field of the bonded specimens. According to the mesoscopic structure of the specimen, a mesoscopic cohesive zone
model (CZM) was established and further subjected to numerical simulation analysis, based on three types of damage modes in-
cluding particle dewetting, matrix fracture and debonding of the bonding interface. The damage evolution law, cracking mecha-
nism and failure mode of the specimen under different tensile and shear stress states were explored. The test results show that the
bonded specimen are more prone to damage under the tensile-shear mixed stress state. At the same time, the bearing capacity of
the specimen decreases and a greater tensile displacement will occur with increasing the tensile angle. The area where the strain
of the bonded specimen is relatively large at the critical state is the location where macroscopic cracks initiate. The numerical
simulation results show that the first principal stress is the main factor affecting the generation of cracks in solid propellants, and
when the value of the first principal stress is greater than 0.548 MPa, it will lead to the initiation of cracks. Furthermore, the
smaller the stretching angle is, the easier the deweeting between the particle and matrix in the propellant is to occur. However,
it is easier for the propellant/liner interface to de-bond and the crack propagation location is closer to this interface when the
stretching angle increases.

Key words: propellant bonded specimen;multi-angle loading;digital image correlation(DIC) ;cohesive zone model(CZM) ;dam-
age evolution
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