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Research on the Application of Metal Bellows in Sealing Compensation of
Cryogenic Coupling

BA Quankun, DAI Weiqi, WANG Jianqiu, LIU Zhongming, XU Xuelei
(Beijing Institute of Space Launch Technology, Beijing, 100076)

Abstract: The cryogenic coupling is the key equipment between the rocket and the ground filling system. It is mainly used for the
filling, draining,venting of cryogenic propellant, such as liquid hydrogen, liquid oxygen, liquid methane, etc. The sealing reliability of
the cryogenic coupling is crucial to the launch mission. According to the application characteristics of cryogenic coupling, the
performance parameters and structural parameters of the metal bellows are proposed. The stiffness, strength and fatigue life of the
metal bellows are obtained by theoretical calculation. The stress distribution, contact state, stiffness and residual deformation of the
metal bellows at normal temperature are obtained by simulation analysis, and the influence of low temperature on the stress and
stiffness of the metal bellows is analyzed. The stiffness test, life test and performance tests of the cryogenic coupling are carried out,
and the test data are in good fit with theoretical calculation and simulation analysis. The feasibility of the application of the metal
bellows in cryogenic couplings for the seal compensation is verified.
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Fig.1 Sealing structure of the coupling
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Tab.1 Performance parameters of bellows
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Tab.2  Structural parameters of the bellows

e ES ZH
1 W 1% d/mm 120
2 4ME Dimm 152
3 BEJE 5,/mm 0.4
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Tab.3 Axial stiffness of the bellows

P T IEE/PC | E/GPa | HhALEHIEE/(N-mm™)
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4 L& -253 213.6 469
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Tab.4 Performance parameters of strength
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Tab.5 Parameters of fatigue life
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Fig.2 Stress-strain curves of 316L sheet
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Fig.3 Equivalent stress contour at room temperature
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Fig.5 Resilience at room temperature
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Fig.6 Residual deformation
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Tab.6 Resilience at different temperatures
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