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Optimization Design of Sealing Performance for Gas Generators under Long-Term
High Temperature Conditions
WEI Rui, CHEN Jing, YANG lJia-jia, GAO Chun-liang, FENG Shao-pei
( Shaanxi Applied Physics and Chemistry Research Institute,Xi’an, 710061 )

Abstract: To address the sealing failure of low-temperature gas generators during long-duration pressurization missions,
this paper combines fault-tree analysis with coupled thermo-mechanical simulation to demonstrate how copper gaskets lose elastic
recovery above 300 °C owing to creep and stress relaxation, while differential thermal expansion further reduces contact stress
and propagates dynamic gaps. Three remedies are proposed: annealed 1050-O aluminum gasket; flexible graphite gasket, and a
hybrid scheme in which deep-penetration laser welding provides the primary seal and an aluminum gasket supplies secondary
preload. Static-pressure and live-firing tests reveal that the aluminum gasket leaks slightly at 5.5 MPa, the graphite gasket remains
leak-tight up to 8 MPa, and the hybrid seal achieves zero leakage at 10 MPa for 1 400 s over -10 ~ +65 °C, with weld depths of
1.15 mm and tensile strengths exceeding 130 kN. The hybrid approach breaks the high-temperature performance ceiling of
conventional gaskets through a metallurgical-mechanical dual barrier, offering an engineering-ready solution for long-life, highly
reliable low-temperature gas generators.
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Fig.1 Leakage phenomenon at the joint between combustion
chamber and end cap of the gas generator
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Fig2 Schematic of sealing failure location in the gas generator
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Fig.3 Simulated temperature field of the gas generator under
operating conditions
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Fig4 Simulated temperature field in the gasket region
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Fig.5 Schematic of annealed aluminum gasket sealing
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Fig.6 Schematic of flexible graphite gasket sealing
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Fig.7 Schematic of composite sealing with laser welding and
aluminum gasket
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Tab.l Compression of aluminum gaskets under various

torque levels
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Fig.8 Layout of temperature measurement points in laser
flux-cored welding
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Tab.2 Laser welding parameters and joint performance test results

e R U237 hilW YRR AR
W /(0 -s) /KN /mm /mm
1 130 30 97.25 0.870 0.950
2 130 30 97.33 0.928 0.897
3 150 30 110.89 1.028 1.106
4 150 30 113.94 1.152 1.151
5 170 30 123.26 1.252 1.295
6 170 30 129.23 1.321 1.301
7 190 34 143.79 1.441 1.417
8 190 34 132.89 1.343 1.311
9 130 20 92.00 1.005 0.958
10 130 20 111.54 1.055 1.020
11 150 20 101.28 1.289 1.308
12 150 20 109.20 1.238 1.272
13 130 14 100.36 1.134 1.114
14 130 14 114.58 1.106 1.100
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Tab3 Product status and air-tightness test results of scheme 3
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