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Abstract : The automobile suspension system is composed of parts that affect performances of a vehicle such as ride
quality, handling characteristics, straight performance and steering effort, etc. Moreover, by using the finite element
analysis the cost for the initial design step can be decreased. In the design of a suspension system, usually system
vibration and structural rigidity must be considered simultaneously to satisfy dynamic and static requirements
simultaneously. In this paper, we consider the weight reduction and the increase of the first eigen-frequency of a
suspension part, the upper control arm, especially using topology optimization and size optimization. Firstly, we
obtain the initial design to maximize the first eigen-frequency using topology optimization. Then, we apply the
multi-objective parameter optimization method to satisfy both the weight reduction and the increase of the first
eigen-frequency. The design variables are varying during the optimization process for the multi-objective. Therefore,
we can obtain the deterministic values of the design variables not only to satisfy the terms of variation limits but also to
optimize the two design objectives at the same time. Finally, we have executed reliability based optimal design on the
upper control arm using the Monte-Carlo method with importance sampling method for the optimal design result with
98% reliability.

Key words : Topology optimization($] 4} %] A 3}), Size optimization(X] 4= %] A 3}), Monte Carlo method(Z ] 7}&
Z %), Reliability based design optimization(4] ] 4 7|4}k 2 A A A)), Importance sampling method(F 2 = 2 1)
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Fig. 1 Automobile suspension
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Fig. 2 Finite element model of the upper-arm
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Table 1 Load condition at ball joint and maximum stress

Load (N) Stb:z’s“z’;/‘l‘f‘f; )
F, F, | F
J’othole inboard £73.0 -28717.0 0.0 54.5
Pothole outboard | 1510.0 | 5703.0 0.0 78.1
Reverse braking | 3234.0 | 280.0 0.0 107.0
Forward braking | -5042.0 | 625.0 0.0 163.0
Table 2 Analysis results of the initial design
Analysis Target
Stress(MPa) 112 280(yield stress)
Eigen-frequency(Hz) 150.7
Mass(g) 1104

EAX)= Fig2o] A8 B ZJE d47EL2
ZHSteel, ESh4 B): 0.29, B A% 126.5GPa) 0.5
o]Fojx glom, 1 9 FE-L L4Fv]|H(aluminum
A356-T6, X o} H]: 0.33, &4 Al 70GPa) o &2
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Fig. 3 Design domain for topology optimization
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Fig. 5 Topology optimization result to maximize the Ist
eigen-frequency

Fig. 6 Smoothing result

Table 3 Topology optimization results

Initial Design ‘ Topology OptT%
Stress(MPa) 2| 152|435
Eigen-frequency(Hz) 150.7 ! 166.1 +10.22
Mass(g) 104 | 1030 | 67
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Fig. 7 Design variables for parameter optimization
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Fig. 8 Sensitivity for the 1st eigen-frequency
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Table 4 Central composite design
L X2 X3 X4 X5
1 i 1 1 1|
2 -1 -1 -1 1
3 1 1 1 1
4 1 -1 1 1
5 1 1 -1 -1
6 -1 1 1 1|
7 -1 1 1 -1
8 -1 1 1 1
9 1 -1 -1 -1
10 1 1 1 1
11 1 -1 1 -1
12 1 1 1 1
13 1 1 -1 -1
| 14 I I -1 1]
15 1 I 1
16 1 1 1 1
17 -2 0 0 0
18 2 0 0 0
19 0 2 0 0
20 0 2 0 0
21 0 0 -2 0
22 0 0 2 0
23 0 0 0 -2
24 0 0 0 2
25 0 0 0 0
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Table 5 Result for size change
Initial(mm) Optimal(mm) Change(mm)
X2 24.686 21.686 -3
X3 13.281 13.881 0.6
X4 31.693 30.493 -1.2
| X 12.558 11.958 -0.6
Table 6 Optimization result
Stress(MPa) Mass(g) | Eigen-freq.(Hz)
Initial 112 1104 150.7
Topology 152 1030 166.1
Optimal 191.2 997.5 170.1
Verification 188 1010 168.7
Increase(%) | +67.86 -8.51 +11.94
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Table 7 Distribution of design variable

X2 X3 X4 X35 I

Distribution Normal | Normal | Normal | Normal
Mean value -1 0.2 -0.4 -0.2
Standard deviation 0.05 0.05 0.05
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Table 8 Size change result considering reliability

Initial(mm) | Optimal{mm) | RBDO(mm) | Change(mm)
X2 24.686 21.686 21.686 -3
X3 13.281 13.881 14.121 0.84
Xy 31.693 30.493 30.523 -1.17
X5 12.558 11.958 12.168 -0.39

Table 9 Optimization result

Stress(MPa) | Mass(g) Eigen-freq.(Hz)
Initial 112 1104 150.7
Topology 152 1030 166.1
Optimal 188 1010 168.7
RBDO 185 1014 170.2
| Increase(%) +65.18 -8.15 +12.94
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