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a. schematic diagram of experimental specimen

b. the physical picture of the experimental specimen
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Fig.1 The experimental specimen
1—prefabricated cracks, 2—HTPB propellant, 3—liner,

4—insulation, 5—steel parts
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Fig.3 Load-displacement curve

a. the failure occurred on the propellant

b. the interface layer is obviously stratified
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Fig.4 Types of bond interface failure
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Table 1

ent temperatures

Bonding interface parameters of specimens at differ-

T/K fracture energy / mJ-mm™ fracture strength / MPa
233.15 2.015 0.523

253.15 1.633 0.461

273.15 1.413 0.363

293.15 1.188 0.336

313.15 1.099 0.301

333.15 0.651 0.241
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Table 2 Mechanical parameters of lining, insulation and steel parts

specific heat capacity coefficient of thermal  thermal conductivity

parameters density / g-cm™ modulus / MPa Poisson’s ratio I . 71 o
/)-g 'K expansion / 1K /W-m™"-K
HTPB 1.75 - 0.495 1256.1 5.5x107° 0.32
steel 7.85 2.06x10° 0.3 512.91 1.2x107° 38.95
insulation 1.32 17.72 0.495 2261.0 2.3x107* 0.29
liner 1.02 14.54 0.495 2261.0 1.7x107* 0.29
experimental
400 & as parameter R
—— G, as parameter 7 N
5, as parameter RN
300F \
= \
P I \
5 200F '\
100F
| 7
GO 1 2 3 4 5 6

a. finite element model of experimental specimen
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b. prediction results under different characteristic parameters

Fig.9 Numerical model of tensile specimen and analysis results under different characteristic parameters
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Table 3 Relaxation parameters of HTPB propellant

i 1 2 3 4 5 6 0o

E./MPa 5.797 0.831 2.446 17.776 1.735

7,/s 1.178 11.78 25.534 0.105

1.187 3.355
332.302 2.168 -

Note: 1) i=1, 2 ---6; o is the equilibrium modulus state.

F4 SIS G, M8, N RAE S 0 S AL
Table 4 The damage parameters with 8', G and §_ as char-

acteristic parameters respectively

damage parameters 5:“ G, S,
a -0.097 -0.065 -0.077
b 0.785 0.538 0.638
c -1.256 -0.782 -0.991
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Fig.10 Simulation results at different temperatures
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Table 5 Damage parameters at different temperatures

T/°C -40 -20 0 20 40 60
a -0.066 -0.089 -0.045 -0.077 -0.053 -0.029
b 0.443 0.661 0.381 0.638 0.459 0.249
c -0.219 -0.769 -0.429 -0.991 -0.685 —0.293
700l experimental
3 bilinear
600 bilinear-polynomial
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E 5
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100
% 1 ) 3 ) 5 6
displacement/ mm
b. -20°C
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Type I Failure Temperature-dependent Properties of HTPB PropellantlLiner Interface

DING Wu, Xu Jin-sheng, ZHOU Chang-sheng, WANG Ting-yu, HOU Yu-fei
(School of Mechanical Engineering , Nanjing University and Technology , Nanjing 210094, China)

Abstract: To study the mechanical properties of Hydroxyl-Terminated Polybutadience (HTPB) propellant/liner bonding interface
for solid rocket motor at different temperatures accurately, the model- I fracture properties of the interface were studied with ex-
perimental method and simulation. Firstly, the load-displacement curves of the test samples at different temperatures were ob-
tained through uniaxial tensile tests and the failure process of the samples were also recorded with the high-speed cameras. It was
found that the failure form of HTPB propellant/liner interface was cohesive failure of HTPB propellant, which indicated that the
strength of bonding interface was higher than that of the propellant. From =40 °C to 60 °C, the critical displacement first in-
creased and then decreased, indicating that the effect of temperature on this parameter is obvious. And then a cohesion model
with polynomial damage variable was developed, based on the bilinear cohesion law. According to the simulation data, the ef-
fects of the interface parameters on the predicted results of the interface properties at different temperatures were analyzed. More-
over, the load-displacement curves of the bonding interface at different temperatures were predicted with the critical displace-
ment as a known parameter. It found that the predicted results by simulation were in agreement with the experimental results,
which indicates that the developed interface model can more accurately reflect the temperature-dependent behavior of model- I
fracture of the debonding interface for solid rocket motor than the bilinear cohesion model.

Key words: cohesive zone model; HTPB propellant/liner; model-I fracture;interface;solid rocket motor
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