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Shape Optimization for Improving Fatigue Life of a Lower Control Arm
Using the Experimental Design
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Abstract : In order to improve the fatigue life of a lower control arm in the vehicle suspension, a new shape
optimization procedure is presented. In this approach, the shape control point concept is introduced to reduce the
numbers of shape design variables. Also, the two-level orthogonal array is employed to evaluate the design sensitivity
of fatigue life with respect to those shape design variables, because the analytical design sensitivity information is not
directly supplied from the commercial CAE softwares. In this approach, only the six design variables are used to
approximate the shape of lower control arm. Then, performed are only 10 fatigue life analyses including the baseline
design, 8 DOE models and the final design. The final design, the best combination obtained from the sensitivity
information, can maximize the fatigue life nearly two times as that of the baseline design, while reducing the 12
percentage of weight than it.
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Fig. 1 General procedure of quasi-static fatigue analysis
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Table 1 Plackett-burman orthogonal array

No. of runs No. of columns No. of factors
4 4 from 2 to 3
8 7 from 4 to 7
12 11 from 8 to 11

20 19 from 12 to 19

24 23 from 20 to 23
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Table 2 Bushing data

Stiffness
Bushing data Axial Z Radial X | Radial Y
(tortional) | (comical) | (comical)
LCA N/mm 784.5 15690.6 15690.6
Front | Nmm/deg 578.6 2647.8 2.6478
LCA N/mm 519.8 2647.8 1863.3
Rear | Nmm/deg 0.2942 1372.9 1961.3
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Fig. 4 X-direction force from running Belgian road at 40km/h

Fig. 5 Fatigue life contour for the base model
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Table 3 Eight design models from DOE

ol 7bg A WA RA(DoE ®
Stabilizer bar2} 2] F 713
% HEelo)gic,

e

Model | DVI | DV2 | DV3 | DV4 | DV5 DV6
1 +1 +1 +1 -1 +1 -1
2 -1 +1 +1 +1 -1 +1
3 -1 -1 +1 +1 +1 -1
4 +1 -1 -1 +1 +1 +1
5 -1 +1 -1 -1 +1 +1
6 +1] -1 +1 -1 -1 +1
7 +1 +1 -1 +1 -1 -1
8 -1 -1 -1 -1 -1 -1
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Fig. 8 Design sensitivity analysis for the fatigue life

Fig. 9 FE model for the new design model

Fig. 10 Fatigue life contour for the new design model

29 AP o= A v Fai A o) 2 A7) gl
YZste Aotk

% Aol AR 5 E )
4 HAAAE EHHo2 $AG 4 e AA
49 P &L e ol AAsAT

D SH ) BANLGE A4 5] BT
A ghtz, Szl e B AAMse) 4 |
HES2-5F A5 HAES o §3te] Autstedr.

2) We Aodshs AANSe AsrE Zol]
slstel, @4 224 L ol g

3) 9718 Eoll AL 4 W7 & CADAA
sad A

4) 2-7F AL EHANA oA = A
7N E(FErm AARNZAE)7E MY ARk AlF
e A4S Hasty] fste], 4 4A He E
ghated vl 2o 24, DOEE GAIZSE Al
st AAE FHA AL

up|Eto g2, o) o] AAAR HEFE F H
A A W2 283}, $-8-%F2] Lower Control
Ame] F3F 9 HE] 712 5 2V RdRY &

OlHA X W 7 & 28l 717ko] HAE = A
< Bk
% 7
o] =2 2002'd T3k 21 AF e 23t X
AHAE

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 3, 2003 165



Min-Soo Kim - Chang Wook Lee - Sunghyo Son - Hong Jae Yim - Seung Jin Heo

References

1) MSC Fatigue Quick Start Guide Ver.9, MSC
Software, pp.69-73, 2001.

2) Fatigue Design Handbook, SAE AE-10, pp.
232-249,1988.

3) W. M. John Peter, Statistical Design and Analy-

sis of Experiments, SIAM, Philadelphia, pp.185-
187, 1998.

166 sI=xpsxiRsts|=27] xi11A H3S, 2003

4) A. S. Hedayat, N. J. A Sloane, J. Stufken,
Orthogonal Arrays: Theory and Applications,
Springer, New York, pp.145-163, 1999.

5) J. Krottmaier, Optimizing Engineering Design,
McGraw-Hill, London, pp.16-24, 1993.

6) R. H. Myers, D. C. Montgomery, Response Sur-
face Methodology, Wiley Series in Probability
and Statistics, New York, pp.297-299, 1995.



