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Abstract — Recently, the waterproofing performance of high-voltage connectors in automotive vehicles has
attracted increased interest. In this study, an optimal cross-sectional shape was derived to obtain uniform contact
pressure and strain by considering stress relaxation problems caused by initial tension when mounting a seal. A
high strain of 52.1 was distributed in the round region, owing to excessive initial tension. The finite element
method (FEM) analysis indicated that the strain corresponding to the optimal initial tensile was 11. We adopted
six design factors to optimize the seal cross-section and three factors as the main design factors. An orthogonal
arrangement table was prepared using Minitab. FEM analyses of 16 study models were conducted to determine
the optimized model. The contact pressure of the optimization model is the most evenly distributed while sat-
isfying the waterproof performance of 0.47 MPa. Compared to the initial model, the difference in strain decreases
from 35.5% to 19.6%. Finally, the derived cross-sectional shape can reduce the strain of the round region by
33.8% and the differences in the contact pressure at the upper and lower surfaces by 42% and 76%, respectively.
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Fig. 1. Male-female connector assembly with a rubber
seal.
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Fig. 2. Quarter model for structural analysis.
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Fig. 3. (a) Rubber seal analysis model and (b) male and
female connector analysis models.
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Fig. 4. Distribution of (a) contact pressure and (b) strain
of the lower surface of the seal during stretching.
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Fig. 5. Distribution of contact pressure of (a) lower surfaces and (b) upper surfaces of the seal during squeezing.
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initial model and the optimized model

R1 (mm) R2 (mm) d (mm)
Initial model 0.4 0.3 0.1
Optimized model 0.45 0.3 0.1
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