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Finite Element Analysis and Sealing Improvement Research on Laser
Sealing Welding of Crystal Cover Relay
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Abstract: During the laser hermetic sealing production process of crystal can relays, leakage issues exist at the sealing inter-
face between the glass insulator and the base plate, severely impacting the relay's sealing performance and long-term reliabil-
ity. This paper established a three-dimensional finite element model for the relay's laser hermetic sealing. A combined heat
source model, utilizing a Gaussian surface heat source and a 3D inverted cone heat source, was employed to simulate the
weld morphology. The model's accuracy was validated through thermal imaging experiments. Simulation results revealed
that the original laser sealing process (average power 200 W, frequency 80 Hz) caused peak tensile stresses at the glass insu-
lator sealing interface (73-107 MPa) to exceed the glass's tensile strength (80 MPa). Furthermore, peak temperatures in some
regions (up to 724.9 °C) surpassed the glass softening point (575 °C), inducing interfacial cracks and leading to leakage. To
address this issue, an optimized solution was proposed: Optimized laser parameters (average power 150 W, frequency 50
Hz) were implemented, maintaining the peak power (1.5 kW) to ensure penetration depth while reducing heat input by 25%.
Copper heat-conducting blocks (thickness 9.5 mm) were added around the relay and applied with a force of 30 N. Finite ele-
ment analysis of the optimized solution showed that the peak tensile stress at the sealing interface decreased to 52-60 MPa
(below the glass strength), and the peak temperature dropped to 322-448 °C (below the softening point). Process trials con-
firmed that the optimized solution reduced the leakage rate to < 8.3x107'° Pa-m®s, meeting the high-quality sealing standard
of <1x107° Pa-m*/s and representing an improvement of two orders of magnitude compared to the original process. This so-

lution has been successfully implemented in formal production, significantly enhancing product sealing reliability.
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Fig. 4 Stress curves:sealing interfaces of glass insulators No. 1~No. 8
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Fig. 5 Temperature curves: sealing interfaces of glass insulators No. 1~No. 8
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Fig.9 Temperature curve comparison:sealing interfaces (No. 1~No. 8)
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Table 1 Comparison test results of sealing welding for crystal cover

relays (Pa-m’/s)
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4 1.3x107 5.2x1071° 1.2x107"°
5 1.0x107* 1.8x1071° 1.6x1071°
6 5.0x107 1.9x1071° 1.6x1071°
7 1.1x107* 1.9x1071° 2.3x1071°
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