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Table 1 Basic components of HTPB propellant
component/% HTPB AP Al auxiliary
mass fraction 7.85 69.5 18.5 4.15
volume fraction 22.6 63.8 12.3 1.3

R12.5 unit: mm
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Fig.1 Schematic diagram of the uniaxial tensile specimen of

HTPB proprllant
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Fig.3 Stress-strain curves of HTPB propellant without defects

at different rates
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Table 2 Hyperelastic constitutive model fitting parameters

model n M ap, Rgm

1 1.04123 -6.81507
Ogden 0.99999
(n=2) 2 -0.34256 4.12929

1 3.91921 22.60354
?fi";”) 2 1.02597 -7.10028 0.99999

3 -0.32482 4.42029

. C C C C C

Mogney 10 o1 20 02 1 0.99999
Rivlin -0.90865 1.25913 0.23497 1.00528 -0.81526
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Fig.5 Comparison of the computed curves and the fitted ones
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Table 3 The linear fitting parameters and correlation coeffi-
cient

PR 3.33x10™*  1.67x107  6.67x107°  3.33x107*
intercept b 1.66359 2.11490 2.64407 3.25259
slope k -0.35179 -0.69746 -1.05863 —-1.74220
R%; 0.97729 0.99699 0.99842 0.99860
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Fig.6 Logarithmic fitting curves of parameters b and k
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Table 4 The fitting results of parameters and correlation coef-

ficients
parameter value RﬁdJ
b P 4.60520 0.99936
(e 0.39717
P, ~3.13841
k a0 ~0.41808 0.98946
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Table 5 The fitting results of initial defect damage factor

defect content% A B C D

10 0.02219 -34.01627 3.89273 0.11458
20 0.03890 -31.69499 3.82829 0.18611
30 0.05064 —-29.55259 3.77096 0.26208
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Visco-hyperelastic Constitutive Model of HTPB Propellant Considering Initial Defects

FENG Tao'’, XU Jin-sheng', FAN Xing-gui', HAN Long®, CHEN Xiong', ZHOU Chang-sheng'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Shanghai Electromechanical Engineering
Institute, Shanghai 201109, China; 3. Shanghai Marine Electronic Equipment Research Institute, Shanghai 201108, China)

Abstract. To study the effect of hydroxyl terminated polybutadiene (HTPB) propellant with initial defects on its macroscopic me-
chanical properties, the multi-step relaxation and uniaxial tensile tests of the home-made HTPB propellants with different content of
initial interface defect were conducted and the equilibrium response curve and tensile curves of HTPB propellant were obtained.
The equilibrium response curve of HTPB propellant without initial defects was fitted by Ogden model. The strain rate parameter M
was introduced to discribe the rate dependence characteristics of uniaxial tension curves of HTPB propellant, and the parameters of
the visco-hyperelastic constitutive model of HTPB propellant without defects were obtained through fitting the curves. The influence
of initial defects was taken into consideration, the visco-hyperelastic constitutive model of HTPB propellants with initial interface
defects was constructed by introducting the initial damage factor f and all model parameters were obtained by fitting step by step.
Finally, the macroscopic mechanical behavior of HTPB propellant under uniaxial tension loading was predicted by the model
established by this investigation. Results show that the predicted results are consistent with the experimental ones, the maximum
deviation between the two is only 4.4%, which confirms the reliability of the model.

Key words: hydroxyl terminated polybutadiene (HTPB) propellant; initial defect; visco-hyperelastic constitutive model; uniaxial
tensile test
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