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Nonlinearfatigue damage model for strain-controlled fatigue
of nitrate ester plasticized polyether propellant

GAO Yan-bin, XU Jin-sheng, CHEN Xiong, HU Shao-qing
(School of Mechanical Engineering,
Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to explore the nonlinear fatigue damage characteristics of nitrate ester
plasticized polyether (NEPE) propellant, a nonlinear fatigue damage model was proposed
based on damage mechanics and visco-elasticity theory, which took into account the stiffness
degradation. With dynamic momechanical analysis (DMA) apparatus, NEPE propellant fa-
tigue tests were conducted under five strain amplitudes, the model parameters were obtained
and the presented model was verified. A morphology analyze was conducted with charge cou-
pled device (CCD), the effect of strain loading history on the mechanical properties of the
propellant was analyzed. The result shows that the model is capable of describing micro-me-
chanically the nonlinear damage evolution of NEPE dewetting subjected to strain fatigue
loading; the repeated loading strain leads to dewetting between the particles and matrix. At
the initial stage of the cycle phases, the velocity of dewetting is fast. With the increased

number of cycles, the rate of damage development of the material is steady and slow.

Key words: nitrate ester plasticized polyether (NEPE) propellant; damage model;

strain-control; stress relaxation; dewetting
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Table 1 NEPE propellant statistical results of fatigue experiment and model parameters

Ae E,/Pa(H{H) N (B D, T D. P R*

0.2 2314828 518317 0.12309  0.25769  0.37427  550.500  0.97588
0.3 1781018 87860 0.13444 0.30409 0.36401  234.032  0.97968
0.4 1244482 65145. 6 0.17184 0.36131 0.33391 181.819  0.98867
0.5 1069842 13581.5 0.19347 0.36878 0.31307  100.000  0.98676
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