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Abstract: The elastic recovery of a metal seal is a factor that can be used to assess its sealing performance. In this study,
a compliant mechanism topology optimization has been performed to find a structure of a metal O-ring seal that can
maintain excellent sealing performance with a maximized elastic recovery over extended operation. An evolutionary
structural optimization (ESO) was used as a topology optimization algorithm with two different types of objective
functions considering both flexibility and stiffness. In particular, a circular design domain was adopted to consider the
outer shape of the metal O-ring seal. The elastic recovery of the optimal topology was calculated and compared to that

of a commercial product.
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Fig. 7 Seal dimensions of metal O-ring and groove
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Fig. 11 Design domain discretized with 1176 elements
and boundary conditions
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Table 1 Results of elasto-plastic analysis for optimal
topologies and commercial geometry

Volume Volume Y, €o
. 2
fraction (mm°) (N/mm) (mm)
0.2 25.34 84 0.42
0.3 38.00 119 0.72
0.4 50.67 152 0.82
Commercial 45.60 427 0.86
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Fig. 18 Optimal topologies with volume fraction of 0.2,
0.3, and 0.35
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Fig. 20 Von Mises stress contour plots of optimal topology
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Table 2 Results of elasto-plastic analysis for optimal
topologies and commercial geometry

Volume Volume Y, €9
fraction (mmz) (N/mm) (mm)
0.2 25.34 108 0.49
0.3 38.00 429 0.74
0.35 44.34 627 0.85
Commercial 45.60 427 0.86

Table 3 Comparison between commercial geometry and
optimal design

. . Deviation
Result Commercial Optimal (%)

Y, (N/mm) 427 429 0.5

€o (mm) 0.86 0.74 13
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