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Performance analysis and lifetime evaluation of rubber seal for
long term service

WANG Li’na, SHI Jijun, LI Zheng, SUN Lichen, SUN Wei, MENG Donghui,
ZHANG Haifeng, REN Guohua, GUO Qi
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: The long-term aging is rarely considered in the analysis of the rubber seal performance. This
paper establishes a theoretical model of rubber seal performance analysis with consideration of the thermal
oxygen aging based on the time-temperature equivalent theory. The influence of the compression rate and the
performance change index on the contact performance of the rubber seal is investigated by using the model. The
functional relationship is established between the calculated average contact pressure and the tested leakage rate
of the rubber seal. The leakage rates, predicted by the function, are compared with the test results. Finally, the
fitted relationship between the leakage rate and the aging time is obtained, and an accurate prediction of the
rubber seal lifetime can be made by extrapolation.
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evaluation
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Table 1 Coefficients of Mooney-Rivlin model under different
performance change indexes

PEfEAE1k | Mooney-Rivlinf& 8 i R
PP/ % coi/MPa ¢1¢/MPa
70 1.515 0.113
65 1.449 0.201
60 1.349 0.356
55 1.365 0.352
50 1.053 0.593
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Table 2 Permanent compressive deformation of rubber
sample under different aging temperatures

24k ANFZAGERE T R4 K A el %

I IE)/d | 120 °C | 130 °C | 140 °C | 150 °C | 160 °C
3 14.7 18.7 16.0 19.4 20.7
9 16.7 20.3 22.2 27.6 28.2
15 18.6 22.0 26.8 28.6 31.1
20 27.8 29.8 30.0 33.5 35.7
25 26.5 31.9 33.0 37.5 40.6
30 27.8 29.1 332 36.2 36.7
40 372 39.9 42.0 | 464 46.3
50 38.8 39.8 42.2 43.1 47.3
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Table 3 Prediction of average value of rubber performance
change index P;

AR/ C | FAbiT E)/a | PEBERIERPY/ %
25 0 100
0 70
10 > 65
5 60
15 10 55
25 50
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Fig. 1 FEM model for rubber seal performance analysis
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Table 4 Structural and working parameters of rubber seal
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Fig. 3

pressure of O-ring rubber seal
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