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Table 1  Curing kinetic parameters of NEPE propellant
T/K E/kJ-mol™ /s n/s B
323.15 120.6 91686.45 133363 4.73

Note: T is the absolute temperature. F is the activation energy. n,, 7 and 8
are the fitting parameter. 7 is the characteristic relaxation time of

temperature-dependent chemical reactions.
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Table 2 Material properties parameters

material parameters grain insulation case
density / kg-m™ 1803 1226 7800
poisson’s ratio 0.496 0.496 0.3
expansion coefficient / K™’ 0.86x107* 1.78x10™* 1.1x107°
heat conductivity /J-s™'*m™"-K™" 0.55 0.274 38.95
specific heat/J-kg™* K™ 1180 2116 512.91
elasticity modulus / MPa E(t) 6.973 210x10°
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Residual Stress/Strain Analysis of NEPE Propellant under Curing and Cooling

ZHOU Dong-mo', XIE Xu-yuan', WANG Rui-min', LIU Xiang-yang’, HUI Bu-qing'
(1. School of Mechatronic Engineering, North University of China, Taiyuan 030051, China; 2. School of Aerospace Engineering, Beijing Institute of
Technology , Beijing 100081, China)

Abstract: To study the formation mechanism of residual stress/strain of the nitrate ester plasticized polyether (NEPE) propellant
grain during the curing and cooling stages, the temperature field, curing degree field and stress/strain field of the propellant were
numerically analyzed via ABAQUS finite element software. The results show that there are temperature gradient and curing rate
gradient in the NEPE propellant grain during the curing process at 50 °C. The temperature and the curing rate are notably higher
at the center of the grain, and they eventually reach a consensus at the end of curing. The temperature difference in the propel-
lant does not affect the final residual stress/strain. The total residual stress/strain during curing and cooling obey the principle of
stress/strain superposition, and they are mainly composed of the curing shrinkage stress/strain and thermal stress/strain during
cooling. For the total residual stress, the proportions of the two stages are approximately 20% and 80%, respectively, and for the
total residual strain, the proportions are about 30% and 70%, respectively. Compared with the traditional method, the residual
stress/strain calculated in this study have the same distribution characteristics, but the values are smaller.

Key words: nitrate ester plasticized polyether (NEPE) propellant;temperature field; curing degree field; curing and cooling;resid-
ual stress
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