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Abstract — In the case of high-voltage connectors applied to automobiles, waterproofing has become an import-
ant issue for the safety of automobiles. In this study, structural analysis is performed on silicone rubber- type
waterproof seals used in the voltage connector. For the structural analysis, the tensile properties of the actual rub-
ber seal are evaluated using a miniaturized tensile testing machine. The Mooney-Rivlin material constants of the
rubber seal are determined as follows; D=0, Cy=0.241, C,,=0.0142. The analysis shows that the contact pressure
at the top of the seal where the seal and male connector are in contact is approximately three times higher than
that at the bottom of the seal where the seal and female connector are in contact. It is confirmed that the water-
proofing performance of the rubber seal depends on the contact pressure of the seal bottom where the seal and
female connector are in contact. The contact pressure for waterproofing is found to be 4.7 bar. The strain con-
centration of the curved part is attributed to excessive initial tension. Therefore, a redesign is recommended for
uniform stress or strain distribution in the curved section of the seal in response to the stress relaxation problem

due to permanent deformation.
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Fig. 1. (a) Rubber seal sample specimen and (b) stand-
ard tensile rubber specimen.

Fig. 2. Miniaturized tensile testing machine with vision
extensometer system for testing the rubber seal sample.
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Fig. 3. Comparison of stress-strain curves of standard
specimen and seal sample.

H SER] AL Al A EATE 83N
o}, shd, IR0l H st 32 4% S (Stress-Strain)
A=} ABAQUSE ©]83% Mooney Rivlin[8],
Ogden[9]2] AE A4S =Z319H. Mooney-Rivlin 7
5 283 Aw7) Ogden H55 283 AwHr) A
A A PHe $HHYEA T Hr} 2HI AL Bl
&t] Mooney-Rivlin A 2/d5 483t S 3
&1tk Mooney-Rivlin A £/ D=0, Cy=0.241,
C=0.0142% AAstolnt. AF=dxe] fadol g
A5 AlY AlgH tisk] Mooney-Rivlin A E4<
£ 283 M datet QA vlolErt dXEES &
[e]

&3},
3. Aled sy oY

AT il S AE 5 s Al 2
= Fig. 49 2t} Al aid S 3 Al T 2219 @l
Aol dasitt. 19Al= AlYol SE#H (stretching)®]
of < AVEd A== 2713ES 7l Aol
o 7 WA le = AYE7E 2917 (squeezing)
w0} oF AdEe} A== A Aot 53] F i
A GAlCIA = Aldo] o el QHFE Aejelld
7AdEf et oF ANE7E AgtEar, 2 3gellx] Alde] &
SEHA o] sl Wrde] FAPEE 8T

goltt.

Tribol. Lubr., 35(1) 2019

T - ) - e

Male

Connector Female
. Connector

| 7

Fig. 4. Male/female connector assembly with the rubber
seal.
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Fig. 5. Quarter model for structural analysis.
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Fig. 6. (a) Rubber seal analysis model and (b) seal
housing (male, female) analysis model.
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Fig. 7. Distribution of contact pressure of lower face of
the seal during stretching.
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Fig. 8. (a) Distribution of strain of (a) lower and (b)
upper faces of the seal during stretching.
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Fig. 9. Distribution of contact pressure of lower face of
the seal during squeezing.
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Fig. 10. Distribution of contact pressure of upper face
of the seal during squeezing.
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Fig. 11. Seal samples before and after aging tests at
120°C for 500 hours.
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