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Shape optimal design of a dust cover for ball joint of automotive steering system
Boo-Youn Lee! - Ji-Ho Kim!
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Abstract:  Finite element analysis is performed to evaluate stress and deformation of a wrinkle-type dust cover
for the ball joints of tie rods of automotive steering system. Results of the analysis for assembly and oper-
ation condition show that sealing capability is good and the maximum stress on the body is smaller than the
tensile strength. An optimal shape of the dust cover is obtained using the Taguchi method to reduce the max-
imum stress. The maximum stress of the optimal design under the operation condition is reduced by 22 per
cent of that of the initial design. Results of the research show that performance evaluation and design of the
dust covers can be effectively done using the proposed method.
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Figure 2: Finite element model of the dust cover
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Moduli | Value(MPa) | Exponents Value
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Table 2: Contact normal stress on the ribs
Contact normal stress(MPa)
i Operation | Operation
R 'ggﬁgﬁ?ﬂ){ condition condition
(A) (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
R5 3.40 3.84 3.41
R6 8.08 8.89 8.07
R7 9.39 9.84 9.04
R8 8.60 8.08 8.10

(a) Assembly condition

A —

(b) Operation condition

Figure 3: Distribution of von-Mises stress for the
initial design (Unit: MPa)
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Figure 5: Design variables of the dust cover

Table 3: Level of design variables (Unit: mm)

Level R D H T
1 19 215 21.4 17
2 2.0 22.0 21.7 18
3 2.1 22.5 22.0 19
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Experiment Level
no. R D H T
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
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8 3 2 1 3
9 3 3 2 1
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Table 5: Result of characteristic(Smax)
Level Srrax
No.
R D H T | (MPa)
1 1 1 1 1 5.65
2 1 2 2 2 4,74
3 1 3 3 3 4.64
4 2 1 2 3 5.77
5 2 2 3 1 6.03
6 2 3 1 2 4,69
7 3 1 3 2 491
8 3 2 1 3 5.15
9 3 3 2 1 4,99
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Table 7: Values of design variables of the initial
and optimal design (Unit: mm)

R D H T
Initial design 2.0 220 | 217 1.8
Optimal design 1.9 225 | 220 1.8

__: Initial design
~ 7~ : Optimal design

Figure 7: Initial and optimal shapes
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Figure 8: Distribution of von-Mises stress for the
optimal design (Unit: MPa)
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Figure 9: Comparison of von-Mises stress of the
initial and optimal design
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