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Abstract

The residual stress in the Glass-to-Metal (GTM) seal is a key factor determining its mechanical performance.
This study focuses on the cooling-induced stress formation and evolution. K-type thermocouples and fiber
Bragg grating (FBG) sensors were used to obtain the in situ temperature and stress data of the GTM seal during
the cooling process. At the same time, a thermo-mechanical coupling finite element analysis (FEA) model for
this process has also been established. It was found that the internal temperature distribution of the glass
exhibits a “soft-boiled egg” shape. This is due to the low thermal conductivity, which causes a time-delay
effect at the center. Analyzing its stress formation curve, stress rebound was observed when the temperature
dropped below 200°C, which has been confirmed in the FEA to be determined by the difference in thermal
expansion coefficients (CTE)s. The cooling rate directly determines the rate of stress formation. This study
enhances the understanding of the stress formation and evolution during the cooling process of GTM seals
and emphasizes the impact of different cooling rates on stress formation. It provides theoretical guidance for
optimizing the process and tailoring stress distribution.
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