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Simulation Study on Curing Shrinkage and Curing Kinetics of Solid Propellants

ZHOU Tao', DU Yan-tao®, XIE Xu-yuan®, ZHONG Shan-wei’, YU Yu-yang’®, LIU Xiang-yang’, ZHOU Dong-mo*
(1. Xi'an Aerospace Chemical Power Co., Ltd., Xi'an 710000, China; 2. School of Mechaironic Engineering, North University of China, Taiyuan 030051,
China; 3. School of Aerospace Engineering » Beijing Institute of Technology , Beijing 100081, China.)

Abstract: A testing device for measuring the curing shrinkage rate of solid propellants was developed in this study. In addition,
the online monitoring test of curing shrinkage of HTPB/IPDI propellant was carried out. The relationship between curing shrink-
age and time during the curing process of solid propellant was obtained. By constructing the relationship between curing shrink-
age, curing degree and curing kinetics, the curing degree change law and curing kinetics model of solid propellant during curing
process were obtained. The results show that the curing shrinkage of solid propellants changes in a three-stage S-type. The maxi-
mum curing shrinkage is about 0.108%, and the maximum curing reaction rate is 7.809%107°. During the isothermal curing pro-
cess, the curing reaction rate curve of HTPB/IPDI propellant shows a bell-shaped curve, so the thermal curing of solid propellant
has autocatalytic characteristics. The pre-exponential factor A, of the self-catalytic kinetics model for HTPB/IPDI propellant is
379.0871 s7'. The reaction orders m and n are 0.711 and 1.501. The results provide a new method to test the shrinkage of propel-
lant and clarify the curing reaction characteristics of composite solid propellants.

Key words: solid propellant; curing shrinkage; curing degree;curing kinetics
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This study designs an innovative in-situ apparatus for real-time monitoring of curing shrinkage in high-solid-content HTPB/IPDI
propellant. By integrating pressure differential measurements with thermodynamic analysis, it establishes a self-catalytic kinetic
model to elucidate the interplay between crosslinking and thermal expansion. The non-invasive methodology advances process
optimization, mitigates residual stress, and enhances propellant performance, offering a pivotal framework for precision charac-
terization of solid propulsion systems.
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