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Abstract : Recently, miniaturization and weight reduction is getting more attention due to various benefits in
automotive components design. It is a trend that the design of experiment(DOE) and statical design method are
frequently used for optimization. In this research, the safety of lower control arm is evaluated according to its material
change form S45C to Al6061 for the reduction of arm's weight. The variance analysis on the basis of structure analysis
and DOE is applied to the lower control arm. We have proposed a statistical design model to evaluate the effect of
structural modification by performing the practical multi-objective optimization considering mass, stress and deflection.

Key words : Multi-objective optimization(t}5-%] 2| %4 7)), Orthogonal array(2] 24 g ), Analysis of variance
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- Select object function and conditions of constraints
- Optimization to recursive quadratic programming

Fig. 1 Procedure of multi-objective optimization
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Fig. 2 Wishbone type independent front suspension

Table 1 Load condition of lower control arm

Direction Fx Fy Fz
Load case ™) (N) (N)
C.W. -313.6 1607.2 -98.0
6G Bumping -2753.8 10633.0 3038.0
1G Braking 10358.6 2930.2 -68.6
1G Comering
-1107.4 - . - .
(OTR) 107 8212.4 1617.0
1G Comering
(INR) -156.8 3488.8 -1450.4
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Fig. 3 FE-model, boundary condition and design variable
(R,D,W,T) of lower control arm
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DNX =19.037
SMN =.161E-03
SHX =256.243
+161E-03
16.018
32.03%1
48.046
£64.061
80.076
26.091
112.106
128,122
144,137
160,152
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* Stress of structrual
critical area

Deflection of

192,182
208.198
224.213
240.228
256.243
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Total weight of
lower control arm

Fig. 4 Stress distribution of the initial model
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squares square
Regression | 86885.222 | 4 | 21721.31 | 21.737 | 0.01
Table 2 levels of factors for Lig Residual | 12990.556 | 13 | 999.274
Factor] R D W T Total | 99875.778 | 17
Level (mm) (mm) (mm) (mm)
1 150 - 33 10 6 315} —m— Analysis result
2 200 35 14 8 sl - o- Est|mahon result
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Table 3 Result of structure analysis for Lis(2' x37)

Analysis Stress Deflection Weight

number (MPa) (mm) (kef)
1 462 30.52 2.2192
2 261 18.32 2.5488
3 212 13.63 2.7731
4 308 21.08 2.4907
5 208 13.90 2.785
6 287 16.79 2.6239
7 208 14.94 2.7636
8 324 18.46 2.5900
9 217 12.73 2.8875
10 308 21.96 24588
11 200 17.98 2.7283
12 315 18.15 2.5220
13 427 27.11 2.3327
14 263 16.99 2.6575
15 201 11.92 2.9406
16 208 14.57 2.8113
17 268 15.57 2.7573
18 217 12.51 2.9224
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Objective function :
minimize { Ystress > Ydeflection ’ Yweight }
Constraints : 1 < x; <2

1<x,<3 (i=2,3,4)
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Table 5 Optimal solution

Objective | Weight Deflection Stress

Step (keb) (mm) (MPa)
Initial . 2.6054 21.05 355
First step 2.7576 14.47 216
Second step 28631 11.46 176
Third step 2.8617 11.54 177

Table 6 Optimal design parameter
DV X] Xz X3 X4
Result ®) D) (W) M
Optimum level 1.0569 | 1.7805 | 2.3012 | 2.7658
Optimum size (mm)| 153.0 34.6 15.2 9.5
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Fig. 8 Multi-objective optimization process using SQP

Table 7 Reanalysis solution

Objective| Weight Deflection Stress

Kind (kgf) (mm) (MPa)
Optimized result 2.7576 1447 216
Reanalysis 2.7480 14.49 213
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