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Abstract: To investigate the compressive mechanical properties of solid propellant at intermediate strain
rates, uniaxial compressive tests were carried out by using the servo—hydraulic testing machine, and the stress—
strain curves of HTPB propellant were obtained in a wide range of temperatures (—-40 ~ 25°C) and strain rates
(0.40 ~ 85.71s™") . The results indicate that the proposed test method is effective and the effects of temperature
and strain rate on the compressive mechanical properties of HTPB propellant are significant. As the temperature
decreases and strain rate increases, the characteristics of stress—strain curves for HTPB propellant are more com-
plex and are obviously different from those under static conditions. Meanwhile, both compressive modulus E
and compressive stress o, increase as a linear—log function of strain rate at different temperatures. Because of
the coupled effects of low temperature and high strain rate, the values of the compressive modulus E and com-

pressive stress o, at —40%C and 85.71s™" are 10.64 and 4.25 times of their values at 25°C and 0.40s™', respec-
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tively. The mechanical properties master curves for HTPB propellant were obtained based on the time—tempera-

ture superposition principle and can predict the compressive mechanical properties of HTPB propellant over a

considerable range of strain rates at low temperature. Based on the Zhu—Wang—Tang model, a nonlinear visco-

elastic constitutive model considering the effects of temperature and strain rate was developed for intermediate

strain—rate compression of solid propellant. The constitutive parameters were identified by the GA=based optimi-

zation method. The overlap between experimental results and predicted results for HTPB propellant are good at

strain lower than 0.17 under the test conditions, which confirms that the developed constitutive model is valid

and can provide the theoretical basis for further analyzing the structural integrity of propellant grain at low temper-

atures and intermediate strain rates.

Key words: HTPB propellant; Intermediate strain rate; Compressive mechanical properties; Constitu-

tive model
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Fig. 1 Typical stress-strain curves of HTPB propellant in

compression at different temperatures and strain rates
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Fig.2 Typical resulting samples of HTPB propellant at

85.71s™" and different temperatures
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Fig. 3 Typical true stress-strain curves of HTPB propellant

in compression at different temperatures and strain rates
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Fig. 4 Relationships of mechanical parameters for HTPB
propellant with temperature and strain rate at various

deformation conditions
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