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Influence of tensile rate on parallel rheological framework
model of HTPB propellant

ZHOU Shiming'* , XU Yihang'** , LI Daokui'* , SHEN Zhibin'"
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, Changsha 410073, China)

Abstract; In order to analyze the effect of different combinations of stretching rates of four-component HTPB propellant on the accuracy of the
parallel rheological framework model, a nonlinear viscoelastic constitutive model of the propellants was developed based on the parallel rheological
framework method. A constitutive model was constructed by combining experiments with different tensile rates, the corresponding constitutive model
parameters were obtained and compared with experimental results using finite element models and numerical calculations. The constitutive model
errors of the calibration for different rate groups were compared and analyzed. The results show that the model can be calibrated more accurately
when a combination of high rate and low rate groups is used, without the need for extensive experiments at intermediate rates. And the high rate
propellant tensile test rate can be up to 3 000 mm/min, no need to increase the rate. This analysis provides justified suggestions for simplifying
propellant material tests and improving the efficiency of the experiments. Concurrently, it paves an effective way to rapidly predict the mechanical
properties of propellant materials.
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Fig.1 Schematic diagram of test piece
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Tab.1 Tensile rates group settings

5 2%/ ( mm/min)
1 40003 000,500,100 10
2 4 000.3 000,500,100
3 40003 000,500
4 40003 000
5 4 000,10
6 300010
7 4 000,500 ,10
8 3 000,500 .10
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Tab.4  Construct constitutive model parameters for different rate groups

ZH 57 Ci Cy Cy C T m S
1 0.100 0.037 -0.749 -1 0.477 3.902 13.125
2 0.131 -0.026 -0.671 -1 0.570 3.910 10.383
3 0.100 0.084 -0.983 -1 0.516 3.5%4 13.555
4 0.100 0.029 -0.913 -1 0.547 3.125 15.531
5 0.100 -0.010 -0.536 -1 0.547 3.719 13.129
6 0.100 0.011 —-0.645 -1 0.516 3.781 13.219
7 0.100 0.045 -0.714 -1 0.562 3.773 12.350
8 0.100 0.045 -0.683 -1 0.656 3.641 11.922
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Fig.6 Calculated results of different rates combinations of constitutive model
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Tab.5 Sum of variance of constitutive model for

different rate groups

415 R 25 R
1 5.678 5 5 5.8217
2 5.2749 6 5.764 0
3 6.9333 7 6.3525
4 13.250 0 8 7.0925
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Fig.7  Error results for the first four sets of

rate combination constitutive model
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Fig.8 Error results for the last four sets of

rate combination constitutive model
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Fig.9 Results of the effect of rate combination

fluctuations on the error of the constitutive model
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Tab. 6 Computational errors of different rate combinations

relative to the best combination of constitutive model
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