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Table 1 Assumed parameters of NLGMM constitutive model and parameters of corresponding equivalent Prony series
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Fig.1 Comparison of true stress-true strain curves
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Fig.2 Optimization process of material parameters of NLGMM
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Table 2 Initial values and optimal values of NLGMM material parameters
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Fig.3 Comparison between true stress-true strain curves calculated by third-order NLGMM after parameter optimization and test results:

(a) true stress-true strain curves and (b) relative error-true strain curves
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Fig. 4 Comparison of calculation results between using engineering strain rates and using true strain rates: (a) true stress-true strain curves and

(b) o.,/Jo-true strain curves
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Identification of Viscoelastic Constitutive Parameters for Solid Propellant under
Large Deformation

LI Ruiyang!, ZHENG Zhanguang', SUN Jingyu?, QIAN Guian?, LIN Yuelong?, WU Rui?®, LIU Tong?

(1. College of Mechanical Engineering, Guangxi University, Nanning 530004, China; 2. The State Key Laboratory of Nonlinear
Mechanics (LNM), Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 3. Inner Mongolia Power
Machinery Research Institute, Hohhot 010010, China)

Abstract: In the ZWT nonlinear viscoelastic constitutive model, additional Maxwell elements were incorporated
to establish a nonlinear generalized Maxwell model (NLGMM), and the NLGMM was numerically discretized. Based
on the Nelder-Mead simplex algorithm, the constitutive parameters were optimized and validated with tensile test data
of hydroxyl terminated polyethe (HTPE) solid propellant at different constant displacement rates. The differences in
true stress calculation with engineering strain rates and true strain rates were analyzed. The results show that after
numerical discretization and parameter optimization, the established NLGMM could effectively describe mechanical
behavior of HTPE solid propellant. The maximum relative error between the calculated true stress and the test results
was not higher than 6%. When the deformation of HTPE solid propellant was small (the true strain was not greater
than 0.1), the relative error between the true stress calculation with engineering strain rates and that with true strain
rates did not exceed 5%, indicating that the nonlinear effects caused by material deformation could be neglected and the
material parameters of NLGMM could be calculated with engineering stress-engineering strains and engineering strain
rates. When HTPE solid propellant underwent large deformation (the true strain was not less than 0.4), the true stress
calculation with engineering strain rates was not less than 1.33 times that with true strain rates, and the nonlinear effects
caused by material deformation could not be ignored. The material parameters of NLGMM should be calculated with true
stress-true strains and true strain rates.

Key words: nonlinear viscoelastic constitutive model; large deformation; solid propellant; parameter optimization
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