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Long-term Standby Storage Life Evaluation Method for a Novel Thermal
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ABSTRACT: In order to meet the maintainability requirements of the novel thermal protection material for the spacecraft dur-
ing long-term standby storage, the work aims to analyze the loading characteristics of the material, design the relevant experi-
ments, and evaluate whether the material can meet the maintainability requirements during the storage. Firstly, the natural and
mechanical environmental profiles of the novel thermal protection material during long-term standby storage were analyzed.
Secondly, the loading characteristics of the material were quantitatively analyzed to develop the creep test, repeat load-unload
test and temperature-humidity accelerated aging test. The deformation of the novel thermal protection material, which was
caused by the superposition of creep deformation and transportation overload deformation, served as the criteria for determining
whether the thermal protection layer met its maintainability requirements. The creep test was designed to obtain creep strain.

The repeat load-unload test showed that the maximum strain was related to the maximum load, while the intermediate loading
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and unloading processes could be neglected. Through the temperature-humidity accelerated aging test, the compressive modulus

expression and its aging law were obtained, allowing the determination of the compressive modulus under storage conditions

and the calculation of transportation overload deformation. Aiming at the maintainability requirement that the concave deforma-

tion of the bearing part of the novel thermal protection layer of the spacecraft is not more than 1 mm after 20 years of storage.

The test and calculation results show that the sum of creep deformation and transportation overload deformation is 0.72 mm,

which meets the storage life requirements.

KEY WORDS: thermal protection material; long-term standby storage; maintainability requirements; creep test; accelerated

aging test; life evaluation method
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Tab.3 Compressive modulus fitting coefficient
TR A b FCFRER rn-2) (£ 4)
50 C, 95% 0.000 5 —-0.002 3 0.954 3 0.847(c=0.001,n=11)
70 C, 85% 0.001 4 —0.002 3 0.959 8 0.847(=0.001,n=11)
95 C, 10% 0.001 5 -0.022 6 0.922 7 0.847(=0.001,n=11)
95 C, 40% 0.002 7 —-0.004 3 0.958 0 0.847(c=0.001,n=11)
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Tab.4 Relationship between compressive modulus and aging time

E, ZALRT R /d b . d AV ]
95 °C,40% 95 °C, 10% 70 C, 85% 50 °C, 95% (25 'C,40%)/d

92% Epg 29.3 40.5 57.9 162.2 -0.5 3769 -6.7 2078 682
91% Ey 33.3 47.8 65.7 184.0 3.4 4897 -4.1 1078 1233.6
90% Ey 37.4 55.2 73.6 206.1 -5.4 5691 23 376.7 1922.6
89% Epo 41.6 62.6 81.6 228.5 -6.7 6 205 -12 ~74.5 2 645.6
88% Eqo 45.7 70.2 89.7 251.1 -8.3 6 862 0.4 —660.7 3807.1
87% Eqo 50 77.8 97.8 273.9 -9.0 7160 1.0 -916.5 47175
86% Eqo 54.3 85.5 106.1 297.0 -9.9 7509 1.8 -12285 5914.7
85% Eqo 58.6 93.3 114.4 320.4 -10.6 7817 2.5 —1496.3 72523
84% Epg 63 101.2 122.9 344.1 -11.3 8078 3.1 17293 8 681.7
83% Epo 67.4 109.2 131.4 368.1 -11.8 8314 3.6 -1933.6 10 245
82% Eqo 71.9 117.2 140.1 392.3 -123 8497 4.1 ~2098.4 11 780
81% Eyo 76.5 125.4 148.9 416.8 -12.6 8649 4.4 22342 13 344
80% Eyo 81.1 133.7 157.7 441.7 -129 8786 4.7 —2350.4 14 988
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Tab.5 Calculation of compressive strain
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fist[E] /a Ey/MPa AN g, WNAE & W7 &
1.9 55.2 0.0323 0.013 4 0.045 7
34 54.6 0.032 5 0.0134 0.0459
53 54 0.032 8 0.013 4 0.046 2
7.2 53.4 0.033 1 0.013 4 0.046 5
10.4 52.8 0.0333 0.013 4 0.046 7
12.9 52.2 0.033 6 0.013 4 0.047 0
16.2 51.6 0.0339 0.0134 0.047 3
19.9 51 0.034 2 0.0134 0.047 6
23.8 50.4 0.034 5 0.013 4 0.047 9
28.1 49.8 0.034 8 0.013 4 0.048 2
32.3 49.2 0.0351 0.013 4 0.048 5
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