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Fig. 2 Stress-strain curves of NEPE propellant under different

tensile rates at —40 °C
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Fig.3 Stress-strain curves of NEPE propellant under different
stretching rates at 23 °C
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Fig. 4 Stress-strain curves of NEPE propellant under different

stretching rates at 70 °C
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Tab. 1 Unidirectional tensile test data under different temperatures and tensile rates before aging(normalized)
Ff R/ -40 °C 23 °C 70 °C
(mm/min) R, &,/(mm/mm) E R, &,/(mm/mm) E R, &,/(mm/mm) E
100 0.404 0.900 1.06 0.124 0.610 0.520 0.094 0.690 0.330
500 0.604 0.880 2.908 0.139 0.650 0.426 0.102 0.670 0.360
2000 0.662 0.880 4.803 0.163 0.700 0.610 0.097 0.620 0.375
4000 0.887 0.710 11.946 0.188 0.790 0.647 0.124 0.700 0.402
5000 1.000 0.540 12.489 0.202 0.790 0.655 0.136 0.690 0.432
R2 MEERA 25 RIEHFIERRERE FLMEE T BMH MK EE (5 —14)
Tab. 2 Unidirectional tensile test data under different temperatures and tensile rates after accelerated aging for 25 days(normalized)
PR/ -40 °C 23 °C 70 °C
(mm/min) R, &,/(mm/mm) E R, &£,/(mm/mm) E R, &,/(mm/mm) E
100 — — — 0.091 1.110 0.221 0.057 1.800 0.129
500 — — — 0.094 1.280 0.181 0.061 1.480 0.142
2 000 0.709 0.830 9.771 0.105 1.130 0.256 0.057 1.260 0.139
4000 0.767 0.680 11.362 0.114 1.160 0.269 0.060 1.170 0.126
5000 0.910 0.580 11.707 0.120 1.150 0.281 0.064 1.210 0.132
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Fig. 5 Diagram of NEPE propellant viscoelastic constitutive model
(Wiechert framework)
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Tab.3 Summary of NEPE propellant parameters at different temperatures before and after aging
ZALIT ) /d R/ °C E, E, E, E, 7, 7, 7, "

0 -40 3 117.37 6.73 6.28 0.02 2 6.5 0.499
0 23 0.8 1.71 1.57 0.05 0.05 100 0.5 0.499
0 70 0.65 1.47 1.03 0.22 0.005 30 0.9 0.499
25 -40 3 115.19 6.25 1.59 0.02 2 6.5 0.499
25 23 0.8 0.86 0.15 0.01 0.05 100 0.5 0.499
25 70 0.65 0.000 2 0.000 2 0.000 2 0.005 30 0.9 0.499
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Tab. 4 Summary of ignition simulation strain of NEPE propellant

grain
£ T, e
d 45 65 58
0 =40 0.004 2 0.003 3 0.003 0
0 23 0.046 6 0.0372 0.034 4
0 70 0.070 7 0.068 1 0.055 8
25 -40 0.004 9 0.004 1 0.003 7
25 23 0.1135 0.088 1 0.080 1
25 70 0.206 9 0.154 4 0.149 0
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Analysis of structural deformation and damage in accelerated aging NEPE
propellant grain

NING Yuhao"?> LI Yonghua' QIAN Gui’an’ LIU Xiaochan® SUN Jianjun’ WU Guoqing’ SUN Jingyu®
[1. Zhan Tianyou College (CRRC College), Dalian Jiaotong University, Dalian 116028, China]
(2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)
(3. The Synthetic Chemical & Engineering Institute of Inner Mongolia, Hohhot 010010, China)

Abstract: [Objective] To investigate the effects of accelerated thermal aging and grain geometry on the mechanical
response of nitrate ester plasticized polyether (NEPE) propellant grains under storage and ignition conditions, the influences of
aging state, temperature, and structural parameters on the strain behavior of NEPE propellant grains were studied. [Methods]
NEPE propellant was subjected to accelerated aging in a constant-temperature chamber for 25 days, and uniaxial tensile tests
were conducted at —40, 23, and 70 °C. Based on the Wiechert viscoelastic constitutive model, material parameters under
different aging states and temperature conditions were calibrated using experimental data, and the effects of thermal aging on
the mechanical properties of NEPE propellant were analyzed. Furthermore, a parametric modeling plug-in for typical grain
structures was developed, and finite element models of grains were established. Numerical simulations were performed for the
grains before and after aging under storage and ignition conditions. The effects of the number of star points, star-tip fillet
radius, and angle fraction on the strain distribution of the grains were investigated. [Results] The results show that thermal
aging reduces the tensile strength and elastic modulus of NEPE propellant and weakens its strain-rate sensitivity. Under storage
conditions, the strain of the aged grain is mainly concentrated in the top star-tip fillet region, and increasing the number of star
points can improve the strain distribution. Under ignition conditions, compared with the unaged grain, the maximum strain of
the aged grain increases by approximately 20.33%, 137.50%, and 162.13% at —40, 23, and 70 °C, respectively. When the star-
tip fillet radius increases from 2 mm to 5 mm, the average maximum strain of grains with different aging states decreases by
31.53%, 26.05%, and 24.57%, respectively. When the angle fraction increases from 0.70 to 0.95, the corresponding average
maximum strain increases by 36.21%, 46.51%, and 48.05%, respectively. The results provide a reference for structural design,
storage safety assessment, and deformation-damage analysis of NEPE propellant grains under ignition conditions.
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