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Abstract: A nonlinear finite element analysis is performed to evaluate the sealing capability and stress of dust
covers for the ball joint of an automotive steering system. The analysis is performed for two types of dust
covers: wrinkle type and pot type. The assembly condition and operation condition are analyzed, and the
maximum stress and contact normal stress at the ribs are evaluated. It is confirmed that the sealing capability
of both types is fairly good, but the wrinkle type is better than the pot type in terms of the maximum
stress.
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Table 1 Material properties of rubber(Ogden function)

Moduli (MPa) Exponents
1 73.51 1.00
2 -85.99 2.99
3 93.60 2.96
4 -62.61 1.46

(a) Wrinkle type

(b) Pot type

Fig. 1 Photographs of the dust covers for the
ball joint
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Fig. 2 Section view of the dust cover assembly

thickness : 2 mm

77 mm

Fig. 3 Specimen for the tension test and the finite
element model
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Fig. 4 Result of the tension test(stress-strain curve)
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(a) Displacement in the tensile direction
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(b) Distribution of true stress in the tensile dlrectlon

Fig. 5 Result of finite element analysis for tension
test
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Fig. 6 Finite element model (axi-symmetric model)
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Fig. 7 Finite element model (half-symmetric model)
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Fig. 8 Numbers of the ribs
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Fig. 9 Location on the outer and inner surface of
dust cover body
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Table 2 Contact normal stress on the ribs (wrinkle

type)
Contact normal stress(MPa)
Rib no. | Assembly | Operation | Operation
state state (A) state (B)
R1 0.50 0.53 0.47
R2 3.19 3.47 3.14
R3 3.26 3.69 3.11
R4 2.16 2.72 2.09
RS 3.40 3.84 3.41
R6 8.08 8.89 8.07
R7 9.39 9.84 9.04
RS 8.60 8.08 8.10
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Fig. 10 Graph of contact normal stress on the ribs
(wrinkle type)
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Fig. 11 Distribution of von-Mises stress (wrinkle
type) (Unit: MPa)
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Table 3 Contact normal stress on the ribs (pot type)

Contact normal stress(MPa)
Rib no. Assembly Operation Operation
state state (A) state (B)
R1 0.47 0.52 0.48
R2 3.25 3.12 2.91
R3 3.33 3.46 2.96
R4 2.22 2.43 1.95
R5 3.45 3.65 3.32
R6 8.33 8.83 8.09
R7 9.43 9.96 9.26
R8 8.65 8.36 8.48
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(a) von-Mises stress on the outer surface
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(b) von-Mises stress on the inner surface

Fig. 12 Graph of von-Mises stress on the body
(wrinkle type)
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Fig. 13 Graph of contact normal stress on the ribs

(pot type)
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Fig. 14 Distribution of von-Mises stress (pot type)
(Unit: MPa)
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Fig. 15 Graph of von-Mises stress on the body (pot
type)
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