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Shape optimal design of a dust cover for ball joint of automotive steering system
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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

(b) Half-symmetric

Table 1. Material property of the rubber (Ogden
function)

Moduli | Value(MPa) | Exponents Value
H1 73.51 al 1.00
U2 -85.99 a2 2.99
s 93.6 a3 2.96
'y -62.61 a4 1.46
HAE A 9] AdL T3-CR567¢1 aL-o]t}, o]
A wRARE 28 54¢ AYs, 7l8ketA
o 5o wdREAde] EAZ A Al §¢
Fo] wig- oy &4

o e Alzre] Zadt)
99 AR A8 a
L ARERE A 0%
2o Ogden F[0]Z ol§3te] 1] BHAE

Tete] siAE FASISit Ogden Sz Ao
]

R

o] gk 1Fo] BEAX = Table 10 YeERHATH
AA Be ANk 72 o] BAE A

604



ui = A
ai = AF
K= %7 A4aE
J = F-3u]

o
ol
ol
k]
—r
i
—z
N
N
(=Y
[E=Y
[{e]
3
3
Sy
N
-
gL

o] 3} T}, Figure 2(a)oll 15HA] sﬂﬂoﬂ }
FeanEs vehlon, 43 71
2 227} 131470 0]t} 25kA)e] AEAbE] o]
AR, B s} 300 2AEE s
Abeled 19le) HulgalA AnE A%

oM
1:0 :10
et

S 7
ko 7 1800 gate] 12t RES A st &
A1S FPetg o H[5][11], & ~E =7} 39° 45
T2 AAzAS o5kt Figure 2(b)o] 29HA)
Ao ARgSE 12018 FE8ARAS UERS

o, A3 47} 3608770, 24 47} 28908700t}

22 34 A3
oF Aol 7=k a4 Wil 7]wkste] BB
Arlel udg S
N o 2ng skl slEsnd
HAE AW AT T sl 2842 ks
3} =

A gaﬂril‘@rlﬂ T3+ Figure 20 FA1E
(e}

1%
o
4
Og(:,“
ol
32
o
_-

f

2
2

o] wxsl EL71 Sal AR, S
b =9 e A5 aEe) AEsrEe T
=a}9lon, Table 2014 54
B sEee] AU e
= UEhiTh Table 2004 & 4
Ee} Hale 71 (RI-RIC
A 2)stalE= 3.0 MPa o] Ato]t).
2 H(RA-RESIA = H Aol Re
3 MPa o]4to|H, o}efZ:e] R6~R8
Ao e, 17

\ >
o
¥ 2w

m}n: 2ot =2l

p

o °
= |1 iy o
o lo A
&

tlo rlo il

w L
o
ol
o
Rz

Gamtd AR o] P ek3] A A37¢ #16%.(2013. 9)

AL AR AE S =HAAH il Ao W
sol gtk webA glie B 2HE 9 559
Z HHeng taE 7Aue] dEAdo] sk
FE BAEA] ke Ao s waE

Table 2: Contact normal stress on the ribs

Contact normal stress(MPa)
i Operation | Operation
Rib 'ggﬁgﬁ?ﬂ){ cc'))r?dition cgndition
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 2.1 225 22.0 19

AAA % 5
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Table 4: L9(3* orthogonal array

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
6 2 3 1 2
7 3 1 3 2
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 2 474
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 6: Level averages of each design variable

Level R D H T
S 1 | 495 | 544 | 516 | 556
'max
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Figure 6: Graph of significant factors
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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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(@) Assembly condition
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(b) Operation condition
Figure 8: Distribution of von-Mises stress for the
optimal design (Unit: MPa)

— — — Optimal design

Initial design

(a) Outer surface
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(b) Inner surface
Figure 9: Comparison of von-Mises stress of the
initial and optimal design
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