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Abstract : A rubber seal for wheel bearing which has been mainly applied to car wheel supporting device is required to
have both high sealing performance and drag torque. Because of severe operational conditions like infiltration of mud
or splashed water, the importance of rubber seal which is aimed for leakage prevention of grease and effective blocking
of foreign substances has been increasing continuously. The sealing performance of this seal depends on several factors
such as materials of seal, friction conditions of contact regions and geometry of seals and so on. We have focused on the
effects of geometric characteristics such as the angle of main lip, interference between lip edge and inner metallic ring.
In this study, the optimization of geometric variables was performed using the finite element analysis. For the sake of
finite element analysis, uniaxial tensile tests were conducted and several constants for Mooney-Rivlin’s equation were
obtained. According to the results of this study, mock-up bearing was made. To verify this study, drag torque and mud
spray test were preformed.

Key words : Wheel bearing(Z w|©] &), Lip seal(¥ %), Sealing performance(Z2-A1), Drag torque(7] 5 E ),
Geometry design(3 4+ #))
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Fig. 1 Shape of lip seal for wheel bearing and the name of
each part
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Table 1 A ranges of design variables recommended

[tem Description
1 Lip seal (NBR)

2, 2 Grease '
3 Inner metal ring(SUS)
4 Outer supporting metal ring(SPCC)
5 Dust lip
6 Main lip

7,8 Side lips

tmain Thickness of main lip
a Angle of main lip 15~25
B ) 65~75
& 0.1~0.25
& Interference of each lip About 0.5
8 (mm) 0.1~0.25
84 0.1~0.25

Drag torque 1.2~1.5 [kgf - cm]
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Cy : Mooney-Rivlin constant
L=4"+4"+4" . |5t strain invariant

2
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Fig. 2 Shape of tensile specimen(JIS K6251)
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Table 2 Mooney-Rivlin constants used in simulations

i 10 1.17014
Mooney-Rivlin o1 -0.412082

constants
Cil 0.0179604
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Fig. 3 Stress-Strain curves of NBR from uniaxial tensile test
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Table 3 Results of analysis and geometric design values proposed in this work

;g) Item Ist design 2nd design Reason for modification from 1st to 2nd design
5 Interference[mm] 0.25 01 Increase interference of dust lip to reduce drag torque, contact
normal force.
Interference {mm] 0.4 0.4
. o a=17 a=23 Increase lip angle(a) to improve the sealing ability of dust lip
6 | Hpangle[’] B=69 B=67 side.
Thickness [mm] tmain = 0.5056 tmain = 0.7
7 Interference [mm] 0.15 0.2 Increase interference of side lip(®) slightly, remove inter-
8 Interference (mm] 0.15 0 ference of side lip(@) in order to decrease drag torque.
Total drag torque [kgfcm] 2.64 1.23
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(b) Start position of round part of

inner metal ring

(a) Main lip angle after setup

28.0065

{c) After deformation
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Fig. 4 Effect of interference on contact starting position
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Fig. 6 Relationship between interference and drag torque
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Table 4 Conditions of mud spray test

Dust - JIS 8type(10wt%)
Liquid sprayed Salt - 0.5wt%
Water - Rem
Nozzle jet speed 5~6 l/min
Distance away from bearing | 30~40mm
Spraying time 96hr(24 cycles)
2hr ; jeton
Cycle(4hr) 2hr : jet off
354
304 Maximum allowable limit of moisture mem@%
U9 0000080500008 00088000808000800ss0000000
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Fig. 10 Experimental results for mud spray
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